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The aim of the present study was to comparatively examine and analyze the
conceptual frameworks and intelligence assessment instruments used with blind and
low-vision adolescents, identify existing challenges and limitations, and explain the
requirements for designing tests appropriate to the cognitive and sensory
characteristics of this group. This study was conducted using a qualitative approach
based on thematic synthesis. For this purpose, a systematic search of scientific sources
was carried out in reputable national and international databases. Studies published
between 2003 and 2025 were reviewed. From an initial pool of 83 documents, after
applying the inclusion and exclusion criteria and assessing methodological quality, 31
studies, including 24 international studies and 7 national studies, were selected for
final analysis. The data were analyzed according to the stages of thematic synthesis,
including initial coding, extraction of descriptive themes, and formation of analytical
themes. The analysis of the studies led to the identification of 11 main themes,
including spatial visualization intelligence, verbal-auditory intelligence, auditory—
tactile memory, nonvisual information processing, nonverbal-tactile reasoning,
emotional-social intelligence, executive functions, adaptive and practical intelligence,
musical-auditory abilities, neurological-sensory components, and methodological
challenges in intelligence assessment. The results showed that some of these
components overlap with the dimensions of Cattell-Horn—Carroll theory, whereas
others require conceptual reinterpretation or expansion within the context of
blindness. The findings also indicated that many existing instruments, due to their
implicit or explicit reliance on visual processing, face limitations in construct validity,
assessment fairness, and adaptation to the characteristics of individuals with visual
impairment. The findings of the study suggest that intelligence assessment in blind
and low-vision adolescents requires a transition from purely adaptive approaches
toward evidence-based conceptual frameworks aligned with the cognitive and sensory
characteristics of this group. Accordingly, Cattell-Horn—Carroll theory can provide
an appropriate foundation for developing indigenous, multisensory tests free from
visual bias and can facilitate more accurate assessment of the cognitive abilities of
these individuals.
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1. Introduction

Intelligence assessment has traditionally occupied a
central position in psychology, education, rehabilitation,
and clinical decision-making, yet its conceptual and
methodological foundations become especially complex
when applied to adolescents who are blind or have low
vision. Intelligence is not a single fixed entity that can be
captured independently of context, task demands, sensory
access, and developmental experience; rather, it is a
multidimensional capacity involving learning, adaptation,
reasoning, problem-solving, symbolic processing, and the
flexible use of experience in changing environments
(Sternberg, 2018). Contemporary discussions of intelligence
increasingly emphasize that cognitive ability should be
understood through dynamic, functional, and adaptive
models rather than through narrow task performance alone
(Resnick, 2024). More recent theoretical work has further
argued that defining intelligence requires attention to
biological adaptation, information processing, goal-directed
behavior, and the capacity to act effectively under
environmental constraints (Vitas et al., 2026). Therefore,
when intelligence is assessed in blind and low-vision
adolescents, the central question is not merely whether
conventional tests can be administered with adaptations, but
whether those tests validly represent the cognitive abilities
of individuals whose learning, perception, and interaction
with the environment occur through nonvisual sensory
pathways.

The Cattell-Horn—Carroll theory has become one of the
most influential frameworks for conceptualizing cognitive
abilities because it organizes intelligence into broad and
narrow abilities such as fluid reasoning, crystallized
knowledge, working memory, processing speed, auditory
processing, and visual-spatial processing (Schneider &
McGrew, 2018). Empirical and psychometric research has
supported the relevance of this framework for interpreting
cognitive tests and integrating results across assessment
batteries (Keith & Reynolds, 2010). Cross-battery
assessment approaches have also expanded the practical
application of this model by emphasizing the need to
interpret cognitive performance through theoretically
grounded ability domains rather than isolated test scores
(Flanagan et al., 2013). However, the application of this
framework to blind and low-vision adolescents requires
careful reconsideration because several CHC domains,
particularly visual-spatial processing and processing speed,

are commonly operationalized through visually loaded tasks.
This creates the possibility that test performance may reflect
visual access, task format, and sensory familiarity rather than
the intended cognitive construct.

The limitations of conventional intelligence assessment
for people with visual impairment have been recognized for
several decades. The Cognitive Test for the Blind was one
of the important attempts to validate an instrument
specifically designed to assess intellectual functioning in
blind individuals, showing that intelligence assessment can
be made more appropriate when the sensory characteristics
of the target population are considered in test construction
(Nelson et al., 2002). Later reviews emphasized that
standard 1Q tests are often insufficient for estimating
intelligence in blind individuals because many subtests
depend on visual materials, visual scanning, image-based
reasoning, or motor-visual coordination (Raczy & Korczyk,
2018). Similarly, research on intelligence scales for children
with visual impairment has shown that performance may
vary according to the type and degree of visual disability,
indicating that assessment results must be interpreted in
relation to the sensory and developmental profile of the child
rather than through norms developed mainly for sighted
populations (Campos & de Cassia Nakano, 2018). Recent
literature on adapting intelligence tests for individuals with
visual impairment has further highlighted persistent
challenges in administration, interpretation, construct
equivalence, and the professional judgment required when
standardized tools are modified (Lamper et al., 2026).

A major reason why intelligence assessment in blind and
low-vision adolescents requires specialized attention is that
visual impairment alters the pathways through which
cognitive development unfolds. Studies of children and
young people with vision impairment have shown that
equitable development depends on access to a balanced
curriculum, specialized instruction, mobility training, social
participation, assistive technology, and educational
environments that compensate for reduced visual access
(McLinden et al., 2022). Developmental evidence also
indicates that language, cognition, social adaptation, and
exploratory behavior in children with vision impairment are
interrelated over time, meaning that cognitive functioning
cannot be separated from sensory experience and
environmental opportunities (Veldhorst et al., 2026). In
educational contexts, blind learners may rely more heavily
on verbal mediation, auditory memory, tactile exploration,
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and sequential processing, especially in tasks that sighted
students complete through visual observation (Czerwinska
& Piskorska, 2018). Rehabilitation and employment
research similarly shows that functional outcomes among
people who are blind or visually impaired are shaped not
only by cognitive ability but also by accessibility,
environmental support, training, adaptive skills, and social
opportunity (Bell & Silverman, 2018). These findings
suggest that intelligence assessment must be ecologically
valid and sensitive to the lived conditions of visual
impairment.

Neuroscientific research has provided strong evidence
that blindness is associated with cross-modal plasticity and
reorganization of cortical functions. Early work showed that
auditory language processing can activate occipital regions
in congenitally blind individuals, suggesting that cortical
areas typically described as “visual” may participate in
nonvisual cognitive processing when visual input is absent
(Roder et al., 2000). Subsequent findings indicated that
speech processing activates the visual cortex in congenitally
blind humans, further demonstrating that the brain’s
functional organization is shaped by sensory experience
(Roder et al., 2002). Research on environmental sound
memory has also shown evidence of cross-modal
compensation among blind adults, particularly in auditory
memory and recognition processes (Roder & Rosler, 2003).
Amedi and colleagues demonstrated that visuo-haptic
object-related activation in the ventral visual pathway
reflects the capacity of cortical systems to process object
information beyond a strictly visual modality (Amedi et al.,
2001). Later evidence showed that early visual cortex
activation was associated with superior verbal memory
performance in blind individuals, linking neural
reorganization to cognitive performance (Amedi et al.,
2003). More recent theoretical work has proposed task
selectivity as a broad principle of brain organization,
suggesting that cortical regions may be defined more by
computational function than by sensory input alone (Amedi
et al., 2017). This view is consistent with the idea of a
cognitively pluripotent cortex, according to which cortical
regions can support diverse cognitive functions depending
on developmental experience and sensory access (Bedny,
2017).

The neurocognitive literature therefore challenges any
assessment model that assumes identical sensory routes for
identical cognitive constructs. Structural and functional
brain imaging studies have shown that the brain adapts to
blindness through changes in connectivity, recruitment of
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occipital regions, and altered sensory-cognitive organization
(Hirsch et al., 2015). Spatial cognition research has similarly
demonstrated that visual experience contributes to, but does
not fully determine, the neural basis of spatial representation
(Pasqualotto & Proulx, 2012). Studies on spatial skills in
individuals with visual impairment have shown that residual
vision can influence spatial performance, but nonvisual
spatial coding remains a meaningful and assessable domain
(Papadopoulos et al., 2011). Further research on spatial
coding has indicated that individuals with visual impairment
may use alternative coding strategies to represent and
navigate space (Papadopoulos et al., 2012). Iranian evidence
comparing spatial memory and spatial orientation among
blind, low-vision, and sighted individuals has also shown
important differences across groups, supporting the need for
culturally and contextually appropriate assessment of spatial
cognition (Rajabi & Alimoradi, 2016). Multisensory training
research has demonstrated that spatial perception can be
improved in visually deprived children, particularly when
rehabilitation targets audio-tactile integration and nonvisual
spatial learning (Cappagli et al., 2017). Recent
developmental research has further clarified that audio-
tactile spatial integration develops through the interaction of
vision, touch, and hearing, reinforcing the need to
distinguish visual-spatial ability from nonvisual spatial
intelligence (Tonelli et al., 2026).

Working memory, executive functioning, and auditory-
tactile processing are also central to intelligence assessment
in this population. A systematic review and meta-analysis of
verbal and spatial working memory in blind adults showed
that age at blindness onset may influence cognitive
performance, suggesting that developmental timing is an
important factor in interpreting memory outcomes
(Sepulveda-Palomo et al., 2024). Recent evidence on
children and adolescents has shown that the severity of
visual impairment can affect working memory and executive
function, indicating that cognitive profiles may differ across
degrees of visual loss (Correia et al., 2026). Psychometric
research on WISC-1V verbal scales among blind students has
shown that verbal subtests can provide useful information
but must be interpreted carefully in terms of construct
coverage and sensory fairness (Chen et al., 2021). At the
same time, advances in multimodal and multisensory
cognitive assessment indicate that future tools should
integrate auditory, tactile, verbal, and interactive formats to
reduce construct-irrelevant barriers (Niemann et al., 2018).
Broader debates about measuring intelligence also argue that
static test performance is insufficient unless assessment
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captures abstraction, generalization, learning efficiency, and
adaptability across novel tasks (Chollet, 2019). New
approaches to understanding intelligence and cognitive
ability processes similarly emphasize multidimensional and
process-oriented models over narrow  score-based
interpretations (Yildirim & Kaya, 2025).

In addition to cognitive and neuropsychological
considerations, the design of intelligence assessment for
blind and low-vision adolescents must account for clinical,
educational, and technological developments in the field of
visual impairment. Visual impairment itself is not a uniform
condition; it varies by etiology, severity, onset, progression,
residual vision, ocular surface health, and access to treatment
or screening (Argueso, 2022). Recent protocols for
community-based Al-assisted visual impairment screening
indicate that emerging technologies may improve early
detection, operational efficiency, and service accessibility,
although their implications for psychological assessment
still require careful investigation (Chen et al., 2026).
Integrative review evidence on neuropsychomotor
development tools for children with visual impairment has
shown that available instruments remain heterogeneous and
that many do not fully capture the developmental
specificities of this population (Brandao et al., 2024).
Research on auditory and early language deprivation has
also shown that neuroplasticity must be understood
multidimensionally, because sensory and language
experiences can have dissociable effects on cognitive
development (Liu et al., 2026). Current theories of cross-
modal plasticity further suggest that binding mechanisms
may enable the integration of information across sensory
systems, which has direct implications for designing audio-
tactile and multisensory intelligence tasks (Park & Celikel,
2026).

From a methodological perspective, a systematic and
conceptually rigorous review of the existing literature is
necessary because the field contains diverse evidence from
psychometrics, cognitive psychology, neuroscience,
education, rehabilitation, and developmental science.
Qualitative inquiry provides a suitable foundation for
interpreting complex, heterogeneous bodies of literature
when the objective is to identify meanings, patterns, and
conceptual relationships rather than merely aggregate effect
sizes (Creswell & Poth, 2016). Thematic synthesis is
especially appropriate for this purpose because it enables the
line-by-line coding of studies, the construction of descriptive
themes, and the development of higher-order analytical
themes across multiple sources (Thomas & Harden, 2008).
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In addition, the PRISMA 2020 statement provides a
transparent framework for reporting systematic review
processes, including search, screening, eligibility, and
inclusion procedures (Page et al., 2021). Quality appraisal is
also essential, and the Critical Appraisal Skills Programme
has been recommended as a useful tool for strengthening
qualitative evidence synthesis when applied critically and
transparently (Long et al., 2020). The growing use of
computer-adaptive and validity-focused screening models
further reinforces the importance of classification accuracy,
construct validity, and measurement fairness in assessment
development (Shen et al., 2026).

Taken together, the reviewed literature indicates that
intelligence assessment in blind and low-vision adolescents
should move beyond the simple adaptation of sighted norms
and visually based test materials. Existing theoretical models
such as the Cattell-Horn—Carroll framework remain
valuable because they provide a structured vocabulary for
cognitive abilities, but their application to visual impairment
requires reinterpretation of spatial, nonverbal, processing-
speed, and memory constructs through auditory, tactile,
verbal, kinesthetic, and adaptive pathways. Neuroscientific
evidence shows that blindness can reorganize cognitive
processing through cross-modal plasticity, while educational
and rehabilitation studies show that real-world functioning
depends on adaptive skills, environmental access, and
culturally appropriate supports. Therefore, a valid approach
to intelligence assessment in this group must be theoretically
grounded, psychometrically defensible, developmentally
sensitive, multisensory, and free from visual bias. The aim
of the present study was to comparatively examine and
analyze conceptual frameworks and intelligence assessment
instruments for blind and low-vision adolescents, identify
existing challenges and limitations, and explain the
requirements for designing tests appropriate to the cognitive
and sensory characteristics of this group.

2.  Methods and Materials

The present study was conducted with the aim of
critically analyzing conceptual frameworks for intelligence
assessment in individuals with visual impairment,
comparing commonly used intelligence assessment
instruments for blind and low-vision adolescents, identifying
existing challenges in the assessment process, and extracting
the essential components required for the development of
valid, fair, and culturally and cognitively appropriate tests
for this group. Considering the nature of the research
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objective, a qualitative systematic review approach
combined with thematic synthesis was employed. Thematic
synthesis is an appropriate method for integrating,
comparing, and reinterpreting findings from multiple
studies, particularly when the purpose is to develop
conceptual frameworks and generate analytical themes that
extend beyond the findings of individual studies (Thomas &
Harden, 2008). This approach made it possible to examine
the theoretical, methodological, and psychometric
dimensions of intelligence assessment in adolescents with
visual impairment and to synthesize evidence related to
cognitive, sensory, and cultural considerations in test
development.

A systematic search of scientific sources was conducted
in major international databases, including Web of Science,
ScienceDirect, Scopus, ProQuest, and Emerald Insight, as
well as Persian databases such as SID, Magiran, Noormags,
and Civilica. The search strategy included combinations of
Persian and English keywords, including “intelligence,”
“intelligence assessment,” “intelligence test,” “visual
impairment,” “blindness,” “low vision,” and “cognitive
assessment.” The search covered studies published between
2003 and 2025. This time frame was selected because, from
the early 2000s onward, advances in cognitive science,
neuroimaging, and contemporary multidimensional models
of intelligence, particularly the Cattell-Horn—Carroll
framework, led to important theoretical and methodological
developments in the cognitive assessment of individuals
with visual impairment (Flanagan et al., 2013; Schneider &
McGrew, 2018). In this regard, empirical studies have also
indicated that contemporary neuroscience-informed and
multifactorial assessment frameworks can improve the
accuracy of cognitive measurement in individuals with
visual impairment by incorporating neuropsychological
indicators and reducing sensory bias in standardized
instruments, thereby increasing convergence between
neuroimaging findings and psychometric assessments (Chen
etal., 2026).

The study selection process was conducted in accordance
with the PRISMA 2020 guideline for systematic reviews
(Page et al., 2021). The initial search identified 83 records.
After removing duplicate sources and screening titles and
abstracts, irrelevant studies were excluded. The full texts of
the remaining articles were then reviewed according to
predefined inclusion and exclusion criteria. Finally, 31
studies, including 24 international studies and 7 national
studies, were selected for final analysis. The inclusion
criteria consisted of a focus on intelligence assessment or
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cognitive abilities, direct or indirect relevance to blind or
low-vision individuals, presentation or evaluation of
intelligence assessment instruments, alignment with
contemporary approaches to cognitive assessment, and
publication within the specified time frame. The exclusion
criteria included lack of access to the full text, absence of
conceptual relevance to the research topic, and insufficient
methodological quality. Therefore, the final sample of
documents provided a focused and evidence-based
foundation for analyzing intelligence  assessment
frameworks and tools in adolescents with visual impairment.

The main data collection tool in this study was a
systematic document extraction protocol designed to
identify, organize, and synthesize information from the
selected studies. This protocol included bibliographic
information, study objectives, methodological design, target
population, type of visual impairment addressed,
intelligence or cognitive assessment instruments used,
theoretical framework, assessed cognitive domains,
psychometric characteristics, reported strengths and
limitations, and implications for assessment fairness and test
development. Particular attention was given to whether the
reviewed instruments relied on visual processing, whether
they included auditory, tactile, verbal, or nonvisual
components, and whether they were appropriate for blind
and low-vision adolescents in terms of construct validity,
cultural relevance, and sensory accessibility.

To evaluate the methodological quality of the selected
studies, the Critical Appraisal Skills Programme checklist
was used for qualitative studies, while quality appraisal
criteria appropriate for review and descriptive studies were
applied according to the type of each document (Long et al.,
2020). The appraisal process was conducted independently
by two researchers familiar with qualitative research
methodology, psychometrics, and cognitive assessment.
Any disagreements between the evaluators were resolved
through discussion and final consensus. Only studies that
met at least 70% of the quality appraisal criteria were
included in the final synthesis. This quality control
procedure was intended to strengthen the credibility of the
review and ensure that the extracted themes were based on
methodologically acceptable evidence. The use of both
international and national sources also allowed the study to
capture broader theoretical developments while considering
the contextual and cultural requirements of intelligence
assessment in Persian-speaking settings.

Data analysis was conducted based on the thematic
synthesis procedure proposed by Thomas and Harden
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(2008). In the first stage, the full texts of the selected studies
were reviewed carefully and coded line by line. Initial codes
were assigned to concepts related to intelligence constructs,
cognitive abilities, sensory compensation, auditory and
tactile processing, verbal reasoning, executive functions,
adaptive functioning, emotional and social intelligence,
psychometric limitations, and methodological challenges in
the assessment of individuals with visual impairment. In the
second stage, similar and related codes were organized into
descriptive themes. These descriptive themes reflected
recurring patterns across the reviewed studies and provided
a structured representation of how intelligence and cognitive
abilities have been conceptualized and measured in blind and
low-vision adolescents. In the third stage, through constant
comparison and integration of descriptive themes, higher-
order analytical themes were developed. This process
enabled the identification of shared patterns, conceptual
differences, existing assessment challenges, and key
requirements for designing valid and fair intelligence
assessment instruments for blind and low-vision
adolescents.

To enhance the credibility and dependability of the
findings, strategies proposed by Lincoln and Guba (1985)
were applied, including continuous review of data, constant
comparison of codes, use of diverse national and
international sources, documentation of all stages of
analysis, and checking agreement between evaluators. The
analytical process was documented in detail to increase
transparency and allow for reviewability and potential
replication. Although dependence on the quality of previous
studies and heterogeneity in their methods were unavoidable
limitations of this review, the use of thematic synthesis made
it possible to provide a comprehensive and evidence-based
understanding of the current state of intelligence assessment
in blind and low-vision adolescents. This analytical
approach also supported the extraction of conceptual and
methodological requirements for developing indigenous,
multisensory, and visually unbiased intelligence assessment
tools aligned with the cognitive and sensory characteristics
of this population.

3. Findings and Results

The descriptive profile of the reviewed evidence showed
that the final corpus of the study consisted of 31 eligible
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documents selected from an initial pool of 83 records. Since
the present study was designed as a qualitative systematic
review with thematic synthesis, demographic reporting
refers to the characteristics of the selected studies rather than
individual participants. Of the 31 studies included in the final
analysis, 24 studies were international and 7 studies were
national. The reviewed documents were published between
2003 and 2025 and covered a broad range of theoretical,
empirical, psychometric, neurocognitive, and applied
perspectives on intelligence assessment and cognitive
functioning in blind and low-vision individuals. The selected
studies addressed different but interrelated domains,
including intelligence testing, cognitive assessment, verbal
and auditory processing, tactile reasoning, spatial cognition
without vision, working memory, executive functioning,
adaptive behavior, sensory compensation,
neuropsychological functioning, and methodological issues
in the assessment of individuals with visual impairment.
Because the included studies differed in terms of design,
target group, age range, assessment tools, and theoretical
orientation, participant-level demographic aggregation was
not possible. However, the thematic focus of the review was
restricted to findings that were conceptually relevant to
intelligence assessment in blind and low-vision adolescents.

The systematic analysis of the selected texts through
thematic synthesis indicated that the cognitive abilities
associated with blind and low-vision adolescents could be
organized into a set of major themes and subthemes. Overall,
61 initial codes were extracted from the selected studies.
After conceptual integration and comparison of overlapping
codes, these codes were classified into 11 central themes.
These themes reflected cognitive, sensory-perceptual,
emotional-social, neuropsychological, adaptive, and
methodological dimensions of intelligence assessment in
individuals with visual impairment. The extracted structure
showed that intelligence assessment in this population
cannot be reduced to a simple adaptation of visually based
tests. Rather, it requires attention to alternative pathways of
cognitive processing, particularly auditory, tactile, verbal,
spatial, and adaptive mechanisms through which blind and
low-vision adolescents perceive, organize, reason about, and
respond to information.
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Table 1

Thematic Structure of Intelligence-Related Components in Blind and Low-Vision Adolescents

Main theme Subthemes and initial codes Conceptual meaning in blind and low-vision Implication for intelligence assessment
adolescents

Spatial Nonvisual spatial understanding, This theme refers to the ability to construct, Intelligence tests should not assess spatial

visualization tactile visualization, mental manipulate, and use spatial representations ability only through visual patterns, blocks,

intelligence mapping, orientation without without reliance on visual input. In blind and pictures, or diagrams. Spatial assessment

vision, spatial relations through
touch and hearing

low-vision adolescents, spatial cognition may
be formed through tactile exploration,
auditory cues, bodily movement,
environmental familiarity, and mental

mapping.

should include tactile maps, object
manipulation, auditory-spatial tasks, route
learning, and nonvisual spatial reasoning.

Verbal-auditory
intelligence

Vocabulary, verbal
comprehension, auditory concept
formation, oral reasoning, verbal
abstraction, listening-based
inference

This theme reflects the central role of
language and auditory input in cognitive
processing. In individuals with visual
impairment, verbal and auditory channels
often become major pathways for acquiring
knowledge, organizing concepts, and solving
problems.

Assessment tools should include strong
verbal and auditory components, but they
should avoid overestimating intelligence
solely because of verbal fluency. Tasks
must distinguish between verbal knowledge,
reasoning, memory, and educational
exposure.

Auditory-tactile

Auditory working memory, tactile

This theme refers to the capacity to encode,

Cognitive assessment should include

memory memory, sequential recall, short- retain, and retrieve information received memory tasks that are accessible through
term memory, memory for verbal  through auditory and tactile channels. It hearing and touch. Visually loaded memory
and nonvisual information includes memory for sounds, spoken tasks should be replaced or supplemented
information, tactile patterns, object features, with auditory-tactile formats that preserve
and sequential nonvisual stimuli. the target construct.
Nonvisual Auditory attention, tactile This theme represents the ability to process Processing-speed tasks should be
information discrimination, speed of auditory information efficiently through nonvisual redesigned carefully, because conventional
processing processing, speed and accuracy of  sensory channels. It includes speed, accuracy,  timed visual tasks are often inappropriate.

tactile processing, selective
attention to nonvisual stimuli

attention, and discrimination in response to
auditory and tactile stimuli.

Nonvisual processing speed should be
measured through auditory and tactile tasks
while considering motor demands and
familiarity with assistive materials.

Nonverbal-tactile
reasoning

Tactile problem-solving, pattern
detection through touch, object-
based reasoning, nonverbal
inference, tactile classification

This theme refers to reasoning abilities that do
not depend primarily on spoken language or
visual perception. In blind and low-vision
adolescents, nonverbal reasoning can be
expressed through tactile pattern recognition,
object manipulation, classification, analogy,
and problem-solving.

Nonverbal intelligence should not be
equated with visual performance. Tests
should provide tactile and manipulable
alternatives to visual matrices, block
designs, and figure-based reasoning tasks.

Emotional-social

Emotion recognition through

This theme refers to the ability to understand,

Intelligence assessment should consider

intelligence voice, interpretation of tone, regulate, and respond to emotional and social emotional and social competencies as
tactile and auditory social cues, information without relying on facial important adaptive dimensions, especially
nonvisual social interaction, expressions or visual social cues. Voice, because conventional tools may ignore
interpersonal adaptation speech rhythm, touch, contextual information, ~ nonvisual forms of social understanding.
and interpersonal experience may play
compensatory roles.
Executive Planning, organization, cognitive  This theme includes higher-order cognitive Assessment batteries should include tasks

functions and
problem-solving

control, inhibition, flexibility,
goal-directed behavior, problem-
solving in nonvisual contexts

processes that regulate behavior and thinking.
For blind and low-vision adolescents,
executive functioning is especially important
for organizing environmental information,
using assistive tools, planning movement, and
solving daily problems.

measuring planning, working memory,
inhibition, flexibility, and problem-solving
in ecologically valid and nonvisual
conditions.

Adaptive and
practical
intelligence

Environmental adaptation,
independent functioning, use of
assistive devices, daily living
skills, practical problem-solving,
mobility-related cognition

This theme refers to the practical application
of cognitive abilities in real-life settings. It
includes the capacity to adapt to
environmental demands, use tools and

technologies, manage daily tasks, and function

independently.

Intelligence assessment should include
adaptive and practical components rather
than relying only on abstract cognitive
tasks. Ecological validity is essential in
evaluating the real-world cognitive
competence of blind and low-vision
adolescents.

Musical-auditory
abilities

Rhythm perception, pitch
discrimination, auditory pattern
recognition, sound sequencing,
musical memory

This theme includes sensitivity to sound
structures, rhythm, pitch, and auditory
patterns. These abilities may be particularly
salient in some individuals with visual
impairment because of heightened reliance on
auditory processing.

Assessment frameworks should recognize
musical-auditory abilities as a meaningful
cognitive domain, especially when auditory
discrimination and pattern recognition are
relevant to broader cognitive functioning.

Neurological- Sensory compensation, This theme refers to the neuropsychological Test interpretation should consider

sensory neuroplasticity, cross-modal and sensory foundations of cognitive neuropsychological mechanisms and

components reorganization, auditory-tactile functioning in individuals with visual sensory pathways. Intelligence assessment
7
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integration, neural adaptation to
visual deprivation

impairment. It emphasizes that visual
deprivation may be associated with
compensatory mechanisms and reorganization
of sensory and cognitive processing.

should avoid assuming that cognitive
processing follows the same sensory route
in sighted and visually impaired
populations.

Visual bias, construct
underrepresentation, construct-
irrelevant variance, lack of
sensory accessibility, cultural
mismatch, insufficient norms,
inadequate adaptation

Methodological
challenges and
test bias

This theme refers to limitations in current
intelligence assessment instruments. Many
existing tools explicitly or implicitly rely on
vision, which may reduce validity, fairness,
and interpretability when used with blind and
low-vision adolescents.

Test development should move beyond
superficial adaptation and should focus on
construct-valid, culturally appropriate,
multisensory, and visually unbiased
instruments with suitable normative data.

As shown in Table 1, the thematic synthesis revealed that
intelligence in blind and low-vision adolescents is expressed
through multiple cognitive and sensory pathways. The first
group of themes concerned alternative cognitive abilities in
the domain of spatial processing. Spatial visualization
intelligence included nonvisual spatial understanding, tactile
visualization, mental mapping, and orientation without
vision. This finding indicates that spatial ability remains a
relevant cognitive construct in individuals with visual
impairment, but its expression differs from that of sighted
individuals. Rather than depending on visual imagery,
spatial reasoning in this group may be mediated through
tactile exploration, auditory localization, bodily movement,
and accumulated environmental experience. The second
theme, verbal-auditory intelligence, showed that language
and auditory input play a central role in cognitive
organization among blind and low-vision adolescents.
Vocabulary, verbal comprehension, and oral reasoning may
serve not only as indicators of crystallized knowledge but
also as compensatory channels for concept formation and
reasoning. The third theme, auditory-tactile memory,
emphasized the importance of working memory and recall
processes based on nonvisual input. The fourth and fifth
themes, nonvisual information processing and nonverbal-
tactile reasoning, indicated that cognitive efficiency and
reasoning can be assessed through auditory and tactile
modalities, provided that the tasks are designed to measure
the intended construct rather than visual performance. The
sixth theme, emotional-social intelligence, showed that
emotional and interpersonal understanding may develop
through voice, tone, touch, verbal context, and social
experience rather than facial or visual cues. The seventh and
eighth themes, executive functions and adaptive-practical
intelligence, highlighted the role of planning, organization,
cognitive  control, environmental adaptation, and
independent functioning in real-life cognitive performance.
The ninth theme, musical-auditory abilities, reflected the
importance of auditory pattern processing, rhythm, and pitch

discrimination. The tenth theme, neurological-sensory
components, showed that intelligence assessment in this
group should be interpreted in relation to sensory
compensation and neuropsychological adaptation. Finally,
the eleventh theme demonstrated that methodological
limitations and test bias remain central barriers to fair
assessment. Overall, Table 1 indicates that the assessment of
intelligence in blind and low-vision adolescents requires a
multidimensional, multisensory, and construct-sensitive
framework rather than a direct transfer of visually based
intelligence tests.

The second level of analysis examined the relationship
between the extracted themes and the Cattell-Horn—Carroll
framework. The comparison showed that a considerable part
of the identified abilities overlaps with the broad abilities
described in this model, while some components require
reinterpretation or conceptual expansion in the context of
blindness and low vision. In particular, alternative spatial
intelligence corresponds conceptually to spatial abilities in
the Cattell-Horn—Carroll framework, but in adolescents with
visual impairment, this ability is realized through tactile,
auditory, Kinesthetic, and environmental processing rather
than visual representation. Verbal-auditory intelligence
overlaps with crystallized knowledge and auditory
processing, while auditory-tactile memory functions as a
nonvisual expression of working memory. Nonvisual
information processing and musical-auditory abilities are
closely related to auditory processing, but their assessment
requires tasks that do not impose visual demands.
Nonverbal-tactile reasoning can be understood as a
reinterpretation of fluid reasoning under conditions of absent
or reduced visual input. In contrast, emotional-social
intelligence, adaptive-practical intelligence, and
neurological-sensory ~ components are not directly
represented as broad abilities in the Cattell-Horn—Carroll
framework and therefore emerged as complementary
dimensions for intelligence assessment in this population.
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Correspondence Between Extracted Themes and the Cattell-Horn—Carroll Framework

Extracted theme

Closest relation to the
Cattell-Horn—Carroll
framework

Type of relationship

Interpretation for intelligence assessment in blind and low-vision
adolescents

Spatial visualization
intelligence

Visual-spatial processing

Reinterpreted
correspondence

This theme corresponds to spatial ability, but the sensory route differs.
In blind and low-vision adolescents, spatial cognition should be
assessed through tactile, auditory, kinesthetic, and environmental tasks
rather than visual materials.

Verbal-auditory

Crystallized knowledge and

Direct and expanded

This theme overlaps with acquired knowledge, language development,

intelligence auditory processing correspondence verbal reasoning, and auditory processing. However, its role may be
more central in individuals with visual impairment because language
and hearing often compensate for reduced visual access.
Auditory-tactile Short-term memory and Functional This theme corresponds to memory systems in the Cattell-Horn—Carroll
memory working memory correspondence framework, but it emphasizes auditory and tactile encoding,
maintenance, and retrieval rather than visual memory.
Nonvisual Processing speed and Reinterpreted This theme is related to processing efficiency, but conventional visual
information auditory processing correspondence processing-speed tasks are not appropriate. Assessment should focus on
processing the speed and accuracy of auditory and tactile information processing.
Nonverbal-tactile Fluid reasoning Reinterpreted This theme represents reasoning, pattern detection, and problem-solving
reasoning correspondence without reliance on visual materials. It can be considered a tactile and

nonvisual expression of fluid reasoning.

Emotional-social
intelligence

Not directly represented as
a broad ability

Complementary
dimension

This theme extends beyond the traditional cognitive structure of the
Cattell-Horn—Carroll framework and reflects the importance of emotion
recognition, social interpretation, and interpersonal adaptation through
nonvisual cues.

Executive functions
and problem-solving

Related to working
memory, fluid reasoning,
and cognitive control
processes

Cross-cutting
cognitive dimension

Executive functions are not always represented as a single broad
intelligence factor in the Cattell-Horn—Carroll framework, but they
influence performance across reasoning, memory, planning, and
adaptive tasks.

Adaptive and
practical intelligence

Not directly represented as
a central broad ability

Complementary and
ecological dimension

This theme reflects real-world cognitive functioning, environmental
adaptation, use of assistive technology, and independent performance. It
adds ecological validity to intelligence assessment.

Musical-auditory
abilities

Auditory processing

Direct and expanded
correspondence

This theme is closely related to auditory discrimination, rhythm
perception, pitch processing, and sound pattern recognition. It may
represent an important nonvisual cognitive strength in some blind and
low-vision adolescents.

Neurological-
sensory components

Not a psychometric ability
factor, but related to
neurocognitive foundations

Foundational
explanatory
dimension

This theme does not represent a separate intelligence factor but explains
how sensory compensation, neural reorganization, and cross-modal
processing may support cognitive functioning.

Methodological
challenges and test
bias

Not part of the theoretical
ability structure

Methodological and
psychometric
dimension

This theme identifies limitations in the application of intelligence tests,
including visual bias, construct underrepresentation, lack of appropriate
norms, and insufficient cultural or sensory adaptation.

As presented in Table 2, the extracted thematic structure

showed both convergence with and extension beyond the
Cattell-Horn—Carroll framework. Several themes could be
meaningfully aligned with broad cognitive abilities in this
model, but their assessment requires sensory
reinterpretation. Spatial visualization intelligence, for
example, corresponds to spatial processing but cannot be
measured validly through visual diagrams or picture-based
items when the target population consists of blind or low-
vision adolescents. In this group, spatial ability is more

appropriately evaluated through tactile exploration,
auditory-spatial  localization, mental mapping, and
orientation-based  tasks.  Similarly,  verbal-auditory

intelligence overlaps with crystallized knowledge and

auditory processing, but its prominence in individuals with
visual impairment suggests that language may serve as a
major cognitive organizing system. Auditory-tactile
memory corresponds to short-term and working memory,
but the relevant tasks must involve nonvisual encoding and
retrieval. Nonvisual information processing and musical-
auditory abilities are also consistent with auditory
processing, although they require careful differentiation
between sensory discrimination, cognitive processing speed,
and accumulated training or experience. Nonverbal-tactile
reasoning represents one of the most important
reinterpretations of the Cattell-Horn—Carroll framework,
because it shows that fluid reasoning can be expressed
through tactile and object-based problem-solving rather than
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visual matrices or abstract visual patterns. At the same time,
emotional-social intelligence, adaptive-practical
intelligence, and neurological-sensory components appear to
extend beyond the conventional boundaries of the Cattell—
Horn—Carroll model. These themes indicate that intelligence
assessment in blind and low-vision adolescents should
include not only core cognitive abilities but also nonvisual
social cognition, daily adaptive functioning, sensory
compensation, and neuropsychological ~mechanisms.
Finally, the methodological theme of test bias does not
represent an intelligence domain, but it is essential for
evaluating whether existing instruments validly and fairly
measure intelligence in this population.

The overall pattern of findings indicates that the cognitive
structure relevant to blind and low-vision adolescents is
composed of three interrelated categories. The first category
includes components that are broadly consistent with the
Cattell-Horn—Carroll framework, such as verbal-auditory
intelligence, auditory-tactile memory, nonvisual information
processing, musical-auditory abilities, and aspects of
executive functioning. The second category includes
components that correspond to existing intelligence
constructs but require reinterpretation within a nonvisual
sensory context, such as spatial visualization intelligence
and nonverbal-tactile reasoning. The third category includes
additional or complementary components that are not fully
captured by traditional psychometric models of intelligence,
including emotional-social intelligence, adaptive-practical
intelligence,  neurological-sensory ~ components, and
methodological challenges related to test bias. This three-
part structure suggests that intelligence assessment in blind
and low-vision adolescents must be simultaneously theory-
based, sensory-sensitive, and ecologically valid. A valid
assessment framework should therefore preserve the
psychometric strengths of established intelligence theories
while modifying the sensory format, task structure,
interpretation criteria, and normative assumptions of
existing instruments.

The findings further showed that many current
intelligence  assessment instruments face important
limitations when used with blind and low-vision
adolescents. These limitations are not limited to the visible
presence of pictures, visual symbols, blocks, visual patterns,
or diagrams. More importantly, many tests contain implicit
visual assumptions in their design, administration, scoring,
timing, and interpretation. For example, a task may appear
adaptable by replacing visual materials with tactile
materials, but the cognitive demand of tactile exploration
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may differ substantially from the demand of visual scanning.
In such cases, the adapted task may no longer measure the
same construct in the same way. Similarly, timed
performance tasks may underestimate the abilities of blind
and low-vision adolescents if they fail to account for the
additional time required for tactile exploration, orientation
to materials, or use of assistive strategies. Therefore, the
findings emphasize that fair assessment requires more than
surface-level adaptation. It requires construct-level
equivalence, sensory accessibility, appropriate norms,
cultural compatibility, and careful interpretation of
performance in relation to the individual’s sensory
experience and educational background.

In summary, the thematic synthesis demonstrated that
intelligence in blind and low-vision adolescents should be
conceptualized as a multidimensional construct expressed
through verbal, auditory, tactile, spatial, executive, adaptive,
emotional-social, and neuropsychological pathways. The
results support the use of the Cattell-Horn—Carroll
framework as a useful theoretical foundation, but they also
show that this framework should be expanded and
reinterpreted when applied to individuals with visual
impairment. The final thematic model indicates that valid
intelligence assessment in this group requires the
development of indigenous, multisensory, visually unbiased,
and psychometrically sound instruments. Such instruments
should be able to assess core cognitive abilities while
recognizing the alternative sensory routes through which
blind and low-vision adolescents acquire knowledge, solve
problems, regulate behavior, interact socially, and adapt to
their environment.

4. Discussion

The present study was conducted to comparatively
analyze conceptual frameworks and intelligence assessment
instruments for blind and low-vision adolescents, identify
the main challenges in assessment, and extract the essential
components required for developing valid, fair, and sensory-
appropriate intelligence tests for this population. The
thematic synthesis of 31 selected studies led to the extraction
of 61 initial codes and their organization into 11 central
themes: spatial visualization intelligence, verbal-auditory
intelligence, auditory-tactile memory, nonvisual information
processing, nonverbal-tactile reasoning, emotional-social
intelligence, executive functions, adaptive and practical
intelligence, musical-auditory abilities, neurological-
sensory components, and methodological challenges in
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intelligence assessment. This thematic structure indicates
that intelligence in blind and low-vision adolescents is not
adequately represented by conventional visually based test
formats and should instead be understood as a
multidimensional construct shaped by nonvisual sensory
processing,  adaptive  functioning,  neurocognitive
reorganization, and culturally appropriate assessment
conditions. This finding is consistent with contemporary
theories that define intelligence as a dynamic capacity for
adaptation, learning, reasoning, and flexible problem-
solving rather than a fixed score derived from standardized
tasks (Sternberg, 2018). It also aligns with newer
conceptualizations that emphasize intelligence as an
adaptive and functionally organized system through which
individuals respond effectively to environmental constraints
(Vitas et al., 2026).

One of the most important findings of the study was that
many cognitive abilities identified in blind and low-vision
adolescents overlap with the Cattell-Horn—Carroll
framework, but this overlap is not direct or unmodified. The
results showed that verbal-auditory intelligence, auditory-
tactile memory, nonvisual information processing, musical-
auditory abilities, and some executive processes can be
conceptually aligned with CHC domains such as crystallized
knowledge, auditory processing, working memory,
processing speed, and fluid reasoning. This supports the
continued relevance of CHC theory as a general framework
for organizing cognitive abilities (Schneider & McGrew,
2018). Previous psychometric research has shown that CHC
theory provides a powerful interpretive structure for
understanding cognitive test performance across ability
domains (Keith & Reynolds, 2010), and cross-battery
assessment models have further demonstrated that
intelligence assessment becomes more meaningful when test
results are interpreted in relation to theoretically defined
cognitive abilities rather than isolated subtest scores
(Flanagan et al., 2013). However, the present findings
indicate that in the context of blindness and low vision, CHC
abilities must be reinterpreted through nonvisual channels;
otherwise, the assessment may measure Sensory access
rather than cognitive capacity.

The extracted theme of spatial visualization intelligence
provides a clear example of the need for reinterpretation. In
sighted populations, spatial ability is commonly assessed
through visual patterns, block designs, figures, maps, and
diagrams, but the findings of this study showed that blind
and low-vision adolescents may construct spatial
representations through tactile exploration, auditory
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localization, movement, environmental familiarity, and
mental mapping. This interpretation is supported by studies
showing that spatial cognition in individuals with visual
impairment is influenced by residual vision, tactile-auditory
experience, and alternative spatial coding strategies
(Papadopoulos et al., 2011, 2012). Iranian evidence
comparing spatial memory and spatial orientation among
blind, low-vision, and sighted individuals also supports the
view that spatial performance differs across sensory groups
and should not be interpreted through sighted norms alone
(Rajabi & Alimoradi, 2016). Similarly, evidence on the
neural basis of spatial cognition suggests that visual
experience contributes to spatial representation but is not the
only basis for spatial cognition (Pasqualotto & Proulx,
2012). The finding that spatial intelligence can be expressed
through nonvisual modalities is further reinforced by
research showing that multisensory rehabilitation can
improve spatial perception in visually deprived children
(Cappagli et al., 2017) and that audio-tactile spatial
integration has a developmental trajectory shaped by the
contribution of vision, touch, and hearing (Tonelli et al.,
2026).

Another major finding was the centrality of verbal-
auditory intelligence in the cognitive profile of blind and
low-vision adolescents. The synthesis showed that
vocabulary, verbal comprehension, oral reasoning, auditory
concept formation, and listening-based inference play an
especially important role in cognitive functioning among
individuals with visual impairment. This finding is
consistent with evidence that auditory language processing
activates regions typically associated with visual processing
in congenitally blind individuals (Roder et al., 2000). Studies
have also shown that speech processing can recruit the visual
cortex in blind individuals, indicating that verbal and
auditory functions may be supported by cross-modal neural
reorganization (Roder et al., 2002). The association between
early visual cortex activation and superior verbal memory
performance in blind individuals further supports the role of
reorganized neural systems in nonvisual cognition (Amedi et
al., 2003). However, the prominence of verbal-auditory
ability also creates a psychometric challenge. If verbal
subtests are used as the main basis for estimating
intelligence, assessment may overrepresent verbal
knowledge and underrepresent other cognitive domains.
Research on the psychometric properties of WISC-IV verbal
scales among blind students supports the usefulness of
verbal measures but also highlights the need for careful
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interpretation of construct coverage and score meaning
(Chen et al., 2021).

The theme of auditory-tactile memory also emerged as a
core component of intelligence assessment in this
population. The findings showed that memory in blind and
low-vision adolescents must be assessed through auditory
and tactile encoding, maintenance, and retrieval processes
rather than visual memory tasks. This result is aligned with
research demonstrating cross-modal compensation in
memory for environmental sounds among blind individuals
(Roder & Rosler, 2003). It is also consistent with
neuropsychological evidence that the blind brain may
reorganize in ways that support enhanced processing of
nonvisual information (Hirsch et al., 2015). A systematic
review and meta-analysis of verbal and spatial working
memory in blind adults showed that working memory
capacity may be influenced by age at blindness onset,
suggesting that memory performance should be interpreted
in relation to developmental history and sensory experience
(Sepulveda-Palomo et al., 2024). More recent evidence has
also shown that visual impairment severity can affect
working memory and executive function in children and
adolescents, reinforcing the need to consider degree of
impairment when interpreting cognitive scores (Correia et
al., 2026).

The identification of nonvisual information processing
and nonverbal-tactile reasoning as distinct themes indicates
that conventional assumptions about processing speed and
nonverbal intelligence are problematic when applied to
adolescents with visual impairment. Many intelligence tests
assess processing speed through visual scanning, symbol
search, visual-motor coordination, or rapid written
responses. In blind and low-vision adolescents, slower
performance on such tasks may reflect the sensory demands
of the test rather than reduced cognitive efficiency. This
finding aligns with critiques suggesting that standard 1Q tests
are insufficient for measuring intelligence in blind
individuals when tasks contain visual bias or construct-
irrelevant sensory demands (Raczy & Korczyk, 2018). It
also supports the argument that intelligence measurement
should capture abstraction, learning, and generalization
rather than performance on narrow task formats (Chollet,
2019). The theme of nonverbal-tactile reasoning further
shows that fluid reasoning can be expressed through tactile
pattern recognition, object-based classification, and
nonvisual problem-solving. This interpretation is consistent
with the idea that cortical organization may be determined
by task selectivity rather than sensory modality alone
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(Amedi et al., 2017) and with evidence from blindness that
cortical regions may be cognitively pluripotent and capable
of supporting functions beyond their typical visual role
(Bedny, 2017).

The results also highlighted emotional-social intelligence
and  adaptive-practical intelligence as  important
complementary dimensions that are not fully represented in
traditional psychometric intelligence models. Blind and low-
vision adolescents often interpret emotional and social
information through voice, tone, verbal context, touch, and
interactional patterns rather than facial expressions and
visual gestures. Therefore, their social cognition may be
underestimated if assessment tools privilege visual social
cues. This finding is consistent with educational and
developmental perspectives emphasizing that children and
adolescents with vision impairment require access to a
balanced curriculum that includes social participation,
mobility, independent living, and adaptive skills (McLinden
et al., 2022). Longitudinal evidence also indicates that
language, cognition, social adaptation, and exploratory
behavior are interrelated in children with vision impairment
(Veldhorst et al., 2026). In applied contexts, rehabilitation
and employment outcomes among people who are blind or
visually impaired depend not only on cognitive ability but
also on adaptive functioning, environmental access, training,
and social opportunity (Bell & Silverman, 2018). Thus,
intelligence assessment in this population should include
ecological indicators of practical reasoning, independence,
and real-world problem-solving.

The neurological-sensory theme identified in this study
provides a biological and developmental explanation for
why intelligence assessment must be reconceptualized in the
context of visual impairment. The reviewed evidence
indicates that blindness and low vision are associated with
sensory compensation, cross-modal plasticity, and neural
reorganization. Early evidence showed that the ventral visual
pathway can be activated during visuo-haptic object
processing, suggesting that object-related cognition is not
exclusively visual (Amedi et al., 2001). Current theoretical
perspectives also suggest that cross-modal binding may
function as a mechanism enabling neural plasticity across
sensory systems (Park & Celikel, 2026). Research on
auditory and early language deprivation further shows that
neuroplasticity is multidimensional and that sensory and
language experiences may have distinct effects on cognitive
development (Liu et al., 2026). These findings help explain
why blind and low-vision adolescents may show cognitive
strengths in auditory, tactile, verbal, and memory-based
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processing while also facing difficulties in tasks designed
around visual assumptions.

A further important finding was the methodological
theme of test bias and the need for sensory and cultural
adaptation. The synthesis showed that many existing tools
are limited not only because they contain visual items, but
also because they embed visual assumptions in instructions,
timing, scoring, norms, and interpretation. This finding is
consistent with studies showing that intelligence test
performance among children with visual impairment varies
according to type and degree of disability (Campos & de
Cassia Nakano, 2018). Literature on adapting intelligence
tests for adults with visual impairment also demonstrates that
clinicians face substantial challenges in modifying test
materials while preserving construct validity and
interpretive accuracy (Lamper et al., 2026). More broadly,
the development of multimodal and multisensory cognitive
assessment frameworks has been proposed as a way to
reduce sensory barriers and improve accessibility in
cognitive evaluation (Niemann et al., 2018). Evidence from
neuropsychomotor assessment tools for children with visual
impairment also shows that current tools remain
heterogeneous and often insufficiently adapted to the
developmental needs of this population (Brandao et al.,
2024). These findings collectively indicate that superficial
test adaptation is inadequate unless equivalence of construct,
modality, difficulty, and interpretation is established.

The methodological rigor of the present study strengthens
the credibility of the extracted themes. The use of thematic
synthesis was appropriate because the research question
required conceptual integration across heterogeneous studies
rather than statistical aggregation alone. Thematic synthesis
allows researchers to move from line-by-line coding to
descriptive and analytical themes, making it suitable for
developing conceptual frameworks from diverse qualitative
and empirical evidence (Thomas & Harden, 2008). The
study also followed systematic review principles consistent
with the PRISMA 2020 framework, which strengthens
transparency in search, screening, eligibility, and inclusion
procedures (Page et al., 2021). Moreover, the use of quality
appraisal procedures is consistent with recommendations for
optimizing the value of the Critical Appraisal Skills
Programme in qualitative evidence synthesis (Long et al.,
2020). This methodological approach is also aligned with
qualitative inquiry traditions that emphasize the
interpretation of meanings, patterns, and conceptual
relationships in complex bodies of evidence (Creswell &
Poth, 2016). Therefore, the results can be interpreted as a
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structured synthesis of existing evidence rather than a simple
narrative summary.

The findings also have implications for future
technologies and assessment models. Recent approaches to
intelligence and cognitive ability increasingly emphasize
multidimensional, dynamic, and process-oriented models
rather than static score-based interpretations (Yildirim &
Kaya, 2025). At the same time, advances in screening
technologies, including Al-assisted visual impairment
screening, show that emerging tools may improve
identification, service delivery, and accessibility, although
their use in psychological and cognitive assessment requires
careful validation (Chen et al., 2026). Similarly, research on
computer-adaptive screeners highlights the importance of
validity, classification accuracy, and fairness in assessment
systems (Shen et al., 2026). However, technological
innovation alone is insufficient if the conceptual foundation
of assessment remains visually biased. Even biological and
ophthalmological evidence reminds researchers that visual
impairment is heterogeneous in origin, severity, and
functional consequence, and therefore cognitive assessment
must account for individual differences in residual vision,
onset, progression, and sensory experience (Argueso, 2022).
In this respect, the present findings support the development
of indigenous, multisensory, culturally appropriate, and
visually unbiased assessment tools grounded in both
psychometric theory and the lived cognitive realities of blind
and low-vision adolescents.

5.  Conclusion

In sum, the results of the present study indicate that
intelligence assessment in blind and low-vision adolescents
requires a transition from purely adaptive use of existing
sighted tests toward evidence-based conceptual frameworks
designed around the cognitive and sensory characteristics of
this group. The Cattell-Horn—Carroll model can provide a
useful theoretical foundation, but its domains must be
reinterpreted through auditory, tactile, verbal, spatial,
adaptive, and neuropsychological pathways. The extracted
themes demonstrate that intelligence in blind and low-vision
adolescents is expressed through multiple modalities and
cannot be validly captured by instruments that implicitly
equate cognition with visual performance. Accordingly,
valid assessment must integrate construct validity, sensory
fairness, ecological relevance, cultural appropriateness, and
appropriate normative interpretation. Such an approach can
help reduce assessment bias, support more accurate
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educational and clinical decision-making, and provide a
stronger foundation for identifying the cognitive strengths
and needs of adolescents with visual impairment.

The present study had several limitations. First, because
the study was based on a qualitative systematic review and
thematic synthesis, the findings depended on the quality,
scope, and methodological rigor of previously published
studies. Second, the reviewed studies were heterogeneous in
terms of design, population, age group, degree of visual
impairment, assessment instruments, theoretical framework,
and reporting quality, which limited the possibility of direct
comparison across all sources. Third, although both national
and international studies were included, the number of
national studies was limited, and this may restrict the extent
to which the findings fully represent cultural, linguistic, and
educational conditions in local contexts. Fourth, because
many studies did not provide detailed information about
onset of blindness, residual vision, educational background,
assistive technology use, or rehabilitation history, it was not
possible to analyze all individual and contextual factors that
may influence intelligence assessment outcomes. Finally,
the present study synthesized conceptual and empirical
evidence but did not develop or validate a new assessment
instrument; therefore, the proposed components require
further empirical testing.

Future research should move from conceptual synthesis
toward instrument development, validation, and norming for
blind and low-vision adolescents. Future studies should
design intelligence assessment batteries that include
auditory, tactile, verbal, spatial, executive, adaptive, and
emotional-social components and then examine their
construct validity, reliability, measurement invariance, and
predictive validity. It is also recommended that future
research distinguish between congenital blindness, acquired
blindness, low vision, and different degrees of residual
vision, because these conditions may be associated with
different cognitive and sensory profiles. Longitudinal
studies are needed to examine how cognitive abilities
develop over time in relation to educational access, mobility
training, assistive technology use, family support, and
rehabilitation experiences. Cross-cultural studies should also
be conducted to determine whether the proposed themes are
stable across different linguistic and educational settings.
Finally, future studies should compare traditional
intelligence tests, adapted versions, and newly designed
multisensory instruments to determine which approaches
provide the fairest and most accurate assessment of cognitive
abilities in this population.
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In practice, psychologists, educators, rehabilitation
specialists, and test developers should avoid interpreting the
intelligence of blind and low-vision adolescents solely
through instruments designed for sighted individuals.
Assessment should begin with a careful understanding of the
adolescent’s sensory status, onset and severity of visual
impairment, educational history, communication mode,
assistive technology skills, and daily functioning. Test
selection and interpretation should prioritize construct
validity, accessibility, and fairness rather than administrative
convenience. Practitioners should use multisensory tasks,
provide appropriate accommodations, avoid unnecessary
visual demands, and interpret timed performance cautiously
when tactile exploration or assistive methods are involved.
Educational and clinical reports should describe both
cognitive strengths and functional needs, with particular
attention to verbal-auditory abilities, tactile reasoning,
working memory, executive functioning, adaptive skills, and
environmental problem-solving. At the policy and
institutional level, there is a need to support the development
of standardized, culturally appropriate, visually unbiased
intelligence assessment tools that can guide educational
placement, intervention planning, and rehabilitation services
more accurately.
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