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Extensive research has characterised developmental dyslexia as a disorder associated with phonological
impairment, but increasing evidence suggests that visual processing difficulties may also contribute. Whether
visual deficits are evident early in development remains unclear, since most evidence derives from adult samples
or language-related tasks and accuracy-based measurements. The present study investigated visual processing in
children with dyslexia using a validated, non-linguistic test battery previously employed in adults. Phonological
functioning was indexed using a measure of phonological working memory to examine whether any visual
performance differences occurred alongside deficits in a core phonological domain. Children with dyslexia
performed significantly worse than neurotypical readers on visual tasks and on the phonological measure.
Discriminant function analysis revealed that measures from both domains distinguished between the two groups.
Deficits were most pronounced for visually complex and similar stimuli and were associated with severity of
reading impairment. By examining visual processing using non-linguistic tasks that eliminate orthographic
confounds, this study addresses an important developmental gap and suggests that visual processing deficits may
be evident alongside phonological weakness in childhood dyslexia. These findings are consistent with multidi-
mensional accounts of dyslexia and highlight the value of domain-inclusive approaches to assessment and
intervention.

1. Introduction

Developmental dyslexia (DD) is a neurodevelopmental disorder
affecting approximately 15% of the global population (for review see:
Wydell, 2023). Despite age-appropriate education, individuals with
dyslexia experience persistent difficulties acquiring fluent reading, often
leading to lifelong academic, occupational, and psychosocial conse-
quences (Astle et al., 2022; Elliott & Grigorenko, 2014; Eloranta et al.,
2019; Hulme & Snowling, 2015; Nergard-Nilssen & Hulme, 2014;
Shrewsbury, 2016; Snowling et al., 2020). Although a phonological
impairment has traditionally been viewed as the primary cognitive
mechanism underlying dyslexia, accumulating evidence suggests that
the disorder is heterogeneous and may involve broader impairments,
including visual processing (for behavioural and neural reviews see:
Behrmann et al.,, 2025; Chalmpe & Vlachos, 2025; Kristjansson &
Sigurdardottir, 2023; Sigurdardottir et al., 2021; Stein, 2025).
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Understanding the cognitive factors that may contribute to dyslexia is
therefore critical for diagnosis and for designing targeted, develop-
mentally sensitive interventions. The present study aims to advance this
understanding by examining visual processing in children and its po-
tential contribution to reading impairment.

The phonological deficit hypothesis (PDH) remains the dominant
account of dyslexia, proposing that impaired phonological processing —
particularly grapheme-to-phoneme conversion and phonological
awareness — disrupts the acquisition of phonological decoding skills and
the formation of stable lexical representations, thereby impeding the
development of fluent reading (Castles & Friedmann, 2014; Ramus &
Szenkovits, 2008; Snowling, 1981; Snowling, 1998; Snowling, 2005;
Snowling et al., 2020; Vellutino et al., 2004). The dual-route cascaded
(DRC) model (Coltheart et al., 2001) frames reading inefficiencies in
terms of domain-specific impairments to two reading pathways: a lexical
route that retrieves whole-word pronunciations and a sub-lexical route
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that applies grapheme-phoneme correspondence rules. This model has
been influential in explaining patterns of reading performance and
developmental reading profiles, such as surface dyslexia reflecting
impairment of the lexical route, and phonological dyslexia reflecting
impairment of the sub-lexical route (for review of developmental cases
see: Bartha-Doering et al., 2024; Castles & Coltheart, 1993; Kohnen
et al., 2018). These examples illustrate two of several developmental
reading profiles described in the literature, and the DRC model accounts
for many observed patterns of reading impairment. However, dyslexia is
widely recognised as heterogeneous, and additional factors, including
potential domain-general contributions such as visual processing, have
also been proposed to play a role in this variability.

Reading is fundamentally a visual activity, requiring rapid, parallel
extraction of abstract visual information. Inefficient parallel processing
of letters can disrupt whole-word perception forcing reliance on serial
grapheme-to-phoneme conversion (Valdois, 2022; Vialatte et al., 2023).
Although phonological impairment remains central to accounts of
dyslexia, converging evidence suggests that not all individuals exhibit
impaired phonology; some appear to show primary impairments in vi-
sual processing (Bosse et al., 2007; Elliott & Grigorenko, 2014; Gibbs &
Elliott, 2020; Giofre et al., 2019; Vidyasagar & Pammer, 2010).
Importantly, such deficits are not always confined to orthographic ma-
terial and have been observed for non-linguistic stimuli including faces,
objects, and abstract patterns (Asberg Johnels et al., 2022; Brachacki
et al., 1995; Brady et al., 2021; Collins et al., 2017; Gabay et al., 2017;
Huestegge et al., 2014; Kuhn et al., 2021; Li & Zhao, 2025; Menghini
et al., 2010; Peskin et al., 2024; Pitchford et al., 2025; Provazza, Adams,
et al., 2019; Provazza et al., 2022; Sigurdardottir et al., 2015; Sigur-
dardottir et al., 2018). This suggests that visual impairments may
represent one cognitive pathway contributing to dyslexia for a subset of
individuals (Behrmann et al., 2025; Behrmann & Plaut, 2013, 2014,
2015, 2020; Dehaene et al., 2015; Giofre et al., 2019; Liu et al., 2022;
Mancarella et al., 2026; Nischal & Behrmann, 2023; Sigurdardottir et al.,
2021).

These findings have motivated multidimensional frameworks of
dyslexia (Behrmann et al., 2025; Chalmpe & Vlachos, 2024; Giofre et al.,
2019; Mancarella et al., 2026; Menghini et al., 2010; Peterson et al.,
2013; Provazza, Adams, et al., 2019; Share, 2021; Wolf & Bowers, 1999;
Zoubrinetzky et al., 2016), which conceptualise reading and its disor-
ders as arising from interactions amongst multiple cognitive systems.
One such account is the primary systems, or triangle, model (Chang
et al., 2024; Hoffman et al., 2015; Patterson & Lambon Ralph, 1999;
Plaut et al., 1996; Woollams et al., 2018), which emphasises the coor-
dinated contributions of domain-general visual, phonological, and se-
mantic systems to reading performance. Within this framework,
impairments in any component system may affect reading and also
manifest in non-linguistic tasks supported by the same underlying
processes.

The DRC and triangle perspectives need not be viewed as competing
accounts here; rather, they emphasise different components and levels of
the reading architecture. The DRC model provides a detailed specifica-
tion of domain-specific processes involved in reading, whereas the tri-
angle framework complements this account by situating reading within
broader interacting cognitive systems, rather than focusing exclusively
on orthographic processing (Woollams, 2014). Within this broader
framework, recent studies have used non-linguistic paradigms to
examine whether visual processing differences associated with dyslexia
extend beyond written language.

For example, adult studies (Giofre et al., 2019; Provazza, Adams,
et al., 2019) employing visual discrimination tasks using checkerboard
and kanji (Japanese logographic script) patterns have reported slower
processing of visually complex and similar stimuli, together with
phonological deficits, with measures from both domains emerging as
strong predictors of dyslexia status and severity. These findings indicate
that reading and non-linguistic impairments in dyslexia may reflect a
multidimensional impairment in phonological and visual mechanisms,
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with the magnitude of visual deficits varying dynamically with linguistic
demands and processing requirements.

However, it remains unclear whether visual processing impairments
are already present in childhood. Establishing if such deficits emerge
early in development is important for understanding their potential role
in dyslexia. To address this gap, the present study examined visual
processing in children with dyslexia using a validated, non-linguistic test
battery previously employed in adults (e.g., Provazza et al., 2022). A
measure indexing phonological working memory was included to
examine if any visual performance differences occurred alongside defi-
cits in a core phonological domain, and to explore their relation to
reading. This approach enables direct developmental comparison with
prior adult findings and tests whether visual processing deficits are
evident in childhood and reflect early characteristics of the disorder.

We hypothesised that children with dyslexia would exhibit weaker
performance than neurotypical readers (NTR) on both phonological and
visual tasks, with the largest group differences expected for stimuli
requiring discrimination of visually complex or similar patterns,
particularly in processing speed.

2. Methods
2.1. Participants

Forty English-speaking participants aged 11-14 were recruited from
a London school providing specialist education needs (SEN) provision.
Written informed consent was obtained from parents or guardians and
assent from the children, to conduct and publish the study. Ethical
approval was granted by Brunel University of London Research Ethics
Committee (39907-MHR-Dec/2022-42964-2). Participants comprised
23 children diagnosed with developmental dyslexia (DD) or identified
by the London Special Educational Needs Department (L-SEND) as
having significant reading impairment and awaiting a formal diagnosis,
and 17 NTR children. All participants in the DD group met the study's
reading-based inclusion criteria. In the UK, access to formal dyslexia
assessment can be delayed due to cost and waiting times, particularly
when assessments are obtained privately. Importantly, group classifi-
cation was based on objective standardised reading criteria rather than
diagnostic status alone. Participants had normal or corrected vision,
were matched on age and education level, and in the same ability
classes. The reading level of both groups was assessed using the Re-
naissance STAR computer-based assessment (Renaissance Renaissance
Learning, 2023), administered by L-SEND and routinely used in schools
to assess reading level. Table 1 presents participant demographics, STAR
reading age, percentile, and standardised scores for the two groups.

As expected, ANOVA with group (DD [N = 23], NTR [N=17]) as a
between-subject factor revealed significant differences with large effect
sizes for STAR reading age (F[1,39] = 60.37, p < .001, nz = 0.61),
percentile (F[1,38] = 167.25, p < .001, nz = 0.82) and standardised
score (F[1,38] = 162.64, p < .001, nz = 0.82), with NTR outperforming

Table 1
Participant demographics.
DD NTR
Gender
Male 11 8
Female 12 9
Age
Mean 12.22 12.41
SD 1.04 1.0
Range 11-14 11-14
STAR Reading
Reading age* 9.33 (0.80) 12.30 (1.13)
Percentile” 41.18 (10.09) 75.35 (4.61)
Standardised score* 95.59 (3.97) 110.35 (2.26)

Note. DD = developmental dyslexics; NTR = neurotypical readers.
" p < .001.
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DD. Participants with dyslexia were stratified by their STAR reading
percentile, and split into three severity-based subgroups based on the
33rd and 66th percentiles: mild (N = 8), moderate (N = 7), and severe
(N = 7). Data for one dyslexic participant were missing for the STAR
reading percentile; severity analyses in the proceeding sections there-
fore included 22 dyslexic participants in the DD group. For the check-
erboard and kanji tasks, one NTR participant was absent on the day of
testing, resulting in a sample of 16 NTR.

A) Similar

B) Similar

SR

Acta Psychologica 265 (2026) 106663
2.2. Materials

Some of the materials utilised in the present study have been pre-
viously reported in research involving adult populations (Provazza,
Adams, et al., 2019); however, the current focus is on children. For more
details of the tasks below, please refer to the original manuscripts.

2.2.1. Visual processing tasks (Roberts et al., 2013)

Two visual discrimination tasks were administered to assess visual
processing and are described below. These tasks aimed to characterise
performance recognising unfamiliar stimuli whilst minimising the role

Dissimilar

Target

Probe

Foil

Dissimilar

Target

Probe

Foil

Fig. 1. Example checkerboard stimuli for (A) visually simple condition and (B) visually complex condition with similar and dissimilar foils (Roberts et al., 2013).
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of top-down signals, derived from visual-phonological mapping and
semantic representations. We also aimed to investigate whether any
deficit was affected by the visual complexity and similarity of the
stimuli. Visual complexity was manipulated by adjusting the size of the
matrix and the number and spatial distribution of squares for the
checkerboards, and by varying the number of strokes in each kanji
character. It was predicted that performance would be disproportion-
ately affected for visually complex and similar items. For each of these
tasks, RT and accuracy data were collected.

2.2.2. Checkerboards

A set of 32 black and white checkerboards were used (Fig. 1). The
number of squares in each matrix was either 9 (3 x 3) or 49 (7 x 7),
forming a visually simple (N = 16) and visually complex (N = 16) set,
respectively. Grids were constructed by avoiding placement of blocks of
the same colour together or any other regularity in the patterns (that
might simplify visual processing). In a match-to-sample task participants
reported which of two checkerboards, placed above and below, matched
the central probe. The position (above/below) of target and foil was
randomised. Two types of foil (N = 32) were created and paired with
each target checkerboard: the similar condition (N = 16) reflected foil
patterns that differed by only one block from the target pattern; the
dissimilar (N = 16) condition reflected foils that differed from the target
considerably (by several blocks), such that each foil could be easily
distinguished (a total of four conditions with 64 trials: simple target
similar foil N = 16; simple target dissimilar foil N = 16; complex target
similar foil N = 16; complex target dissimilar foil N = 16).

2.2.3. Kanji (Japanese logographic script)

A set of 60 kanji characters were used (Fig. 2). All characters were
unknown to participants, as none had prior exposure to Japanese lan-
guage. Visual complexity was defined by the number of strokes per
character. Characters with 2-4 strokes constituted the simple items (N =
30), and those with 13 strokes formed the complex set (N = 30). Visual
performance was tested with a match-to-sample task where the target
and the foil were placed above and below the central probe character.
The position of the target was randomised across trials. In half the trials,
the foil was a character differing only slightly from the target to give the
similar condition; in the other half, the foil was appreciably different
from the probe (a total of four conditions with 120 trials: simple target
similar foil N = 30; simple target dissimilar foil N = 30; complex target
similar foil N = 30; complex target dissimilar foil N = 30).

2.2.4. Procedure

For checkerboard and kanji experiments, stimuli were presented on a
Dell laptop with a 15" panel at 1920 x 1080 resolution and ~ 60 Hz
refresh rate, using E-Prime 3.0 (Psychology Software Tools, Inc. [E-
Prime 3.0], 2002). Each trial featured three vertically aligned stimuli,
randomly presented across conditions. The central stimulus served as
the probe, and participants identified the matching stimulus (above or
below) by pressing corresponding keys (green for above; red for below).
Participants were instructed to respond as quickly and as accurately as
possible, with stimuli remaining on screen until a response was given. A
1-second pause preceded each subsequent trial. Participants completed
a block of 10 practice trials before each experiment to familiarise
themselves with the process. The session lasted approximately 15 mi-
nutes. Because participants were recruited within an SEN provision
setting, the experimenter was not blind to participant status.

2.2.5. Phonological index (Wechsler Intelligence Scale for Children - Fifth
Edition [WISC-V]; Wechsler, 2014)

Phonological processing was indexed using the digit span task,
administered following instructions in the WISC-V administrator
manual (Wechsler, 2014). This consists of three subtasks: digit forward,
where participants recall as many of the digits as possible in the same
order they were presented; digit backward, where they recall the digits

Acta Psychologica 265 (2026) 106663

in the reverse order; and digit sequential, where they recall digits in
ascending order of magnitude. The total digit span score is the sum of
scores from the three subtasks. This measure was included to examine if
visual processing deficits occurred alongside deficits in a core phono-
logical domain, rather than to provide a comprehensive assessment of
phonological processing.

2.2.6. Power analysis

A priori power analysis was conducted using G*Power 3.1.9.7 (Faul
et al., 2007; Faul et al., 2009). Assuming a moderate effect size (F =
0.25; Cohen, 1988), a = 0.05, and a conservative correlation amongst
repeated measures (r = 0.05), analysis indicated a minimum sample of
approximately 32 participants would be required to detect the highest-
order interaction with 80% power. Accordingly, a target sample size of
40 participants was established prior to recruitment; this sample size
exceeds the maximum threshold identified across all planned compari-
sons and affords power above 90% to detect a significant effect of the
between-subjects factor.

3. Results

To examine whether visual processing performance varied as a
function of reading severity, children with dyslexia were stratified ac-
cording to their STAR reading percentile. The group was divided into
three severity-based subgroups: mild (N = 8), moderate (N = 7), and
severe (N = 7). All analyses were conducted using IBM SPSS Statistics
(Version 31).

3.1. Visual processing tasks

Repeated-measures ANOVA was conducted with severity (NTR;
mild; moderate; severe) as a between-subject factor and visual
complexity (complex; simple) and similarity (similar; dissimilar) as
within-subject factors to test the hypothesis that children with dyslexia
show reduced performance when processing complex or similar stimuli.
Holm-Bonferroni corrections were applied to control family-wise error
rate. Fig. 3 shows that RTs for checkerboards were modulated by
complexity (F[1,34] = 186.02, p < .001, n2 = 0.85, Holm-Bonferroni p
< .001, a = 0.013), similarity (F[1,34] = 236.31, p < .001, 1 = 0.87,
Holm-Bonferroni p < .001, o = 0.008), and an interaction between the
two (F[1,34] = 202.27,p < .001, n2 = 0.86, Holm-Bonferroni p < .001,
a = 0.01). Interactions between severity and complexity (F[3,34] =
5.56,p =.003, nz = 0.33, Holm-Bonferroni p = .003, a = 0.05), severity
and similarity (F[3,34] = 13.01, p < .001, n2 = 0.53, Holm-Bonferroni p
< .001, « = 0.017), and a 3-way interaction between severity,
complexity, and similarity (F[3,34] = 10.94, p < .001, n? = 0.49, Holm-
Bonferroni p < .001, a = 0.03) were present.

Comparable ANOVA performed on kanji RT (Fig. 3) revealed iden-
tical main effects of complexity (F[1,34] = 146.34, p < .001, 1]2 =0.81,
Holm-Bonferroni p < .001, a = 0.01), similarity (F[1,34] = 191.31,p <
.001, n2 = 0.85, Holm-Bonferroni p < .001, a = 0.008), and an inter-
action between the two (F[1,34] = 35.79, p < .001, 1]2 = 0.51 Holm-
Bonferroni p < .001, a = 0.03). Interactions between severity and
complexity (F[3,34] = 6.07, p = .002, nz = 0.34 Holm-Bonferroni p <
.008, a = 0.013) and a 3-way interaction between severity, complexity,
and similarity (F[3,34] = 8.22, p < .001, n2 = 0.42, Holm-Bonferroni p
< .001, o = 0.017) were present.

3.2. Phonological processing

Two ANOVAs were conducted on digit span scores, with group (DD;
NTR) and severity (NTR; mild; moderate; severe) as between-subjects
factors to test the hypothesis that children with dyslexia also show
reduced phonological performance. Results indicated that DD per-
formed significantly worse than NTR with modest effect sizes for group
(F[1, 38] =8.76, p = .005, n2 = 0.19) and severity (F[3, 35] = 3.76,p =
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Fig. 2. Example kanji character stimuli for (A) visually simple condition and (B) visually complex condition with similar and dissimilar foils (Roberts et al., 2013).
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Kanji characters
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Fig. 3. Average correct RTs for the checkerboard and kanji tasks for NTR and DD subgroups split by severity. Error bars represent standard error.

.019, 2 = 0.24).

3.3. Exploratory discriminant function analysis

A stepwise discriminant function analysis was conducted to examine
which visual and visualphonological task conditions best discriminated
between the DD and NTR groups. The assumption that the smallest
group size exceeded the number of predictors was satisfied. The final
model included checkerboard RT for complex similar, complex dissim-
ilar, and digit span. The model yielded Wilks' A = 0.54 and was signif-
icant, y%(3) = 21.52, p < .001. Using these predictors 81.3% of the NTR
group (13/16) and 86.3% of the DD group (19/22) were correctly
classified, resulting in an overall correct classification accuracy of
83.8%. Since this analysis was exploratory, these findings should be
considered preliminary; however, both visual and phonological mea-
sures contributed to group differentiation.

4. Discussion

4.1. Summary of findings

The present study investigated whether children with dyslexia
exhibit not only phonological weaknesses, consistent with the PDH and
DRC model (Coltheart et al., 2001), but also visual processing deficits
consistent with multidimensional frameworks, including the triangle
model (Patterson & Lambon Ralph, 1999; Plaut et al., 1996). Using non-
linguistic tasks, children with dyslexia performed significantly worse
than NTR across both domains, with group differences most pronounced
in processing speed. These findings provide developmental evidence

that visual processing deficits can occur alongside phonological deficits
and may be detectable in childhood using non-linguistic paradigms.

The delays observed in the dyslexic group were limited to conditions
with high visual-perceptual demands. This specificity suggests that the
group differences reflect targeted visual processing inefficiencies rather
than generalised slowing. These results are consistent with adult
dyslexia studies reporting slowed processing of the same visually com-
plex and similar stimuli (Provazza, Adams, et al., 2019; Provazza et al.,
2022), developmental evidence implicating broader higher-level visual
mechanisms (Behrmann et al., 2025; Kristjansson & Sigurdardottir,
2023; Pitchford et al., 2025), and neuropsychological research demon-
strating that visual processing impairments can impede orthographic
processing in developmental and acquired dyslexias (Behrmann et al.,
2025; Behrmann, Nelson, et al., 1998; Behrmann & Plaut, 2014, 2015,
2020; Behrmann, Plaut, et al., 1998; Roberts et al., 2010; Roberts et al.,
2013; Roberts et al., 2015; Robotham et al., 2023; Woollams et al.,
2014).

4.2. Theoretical implications

The findings are compatible with perspectives that situate reading
within interacting cognitive systems. Importantly, domain-specific ac-
counts such as the DRC model and multidimensional frameworks such as
the triangle model need not be viewed as competing explanations, but
rather as addressing different components and levels of the reading ar-
chitecture. Consistent with recent neurobehavioural findings (for re-
views see: Behrmann et al., 2025; Chalmpe & Vlachos, 2025;
Kristjansson & Sigurdardottir, 2023; Sigurdardottir et al., 2021), the
present results highlight that visual inefficiencies may play a significant
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role in reading impairments. The deficits observed generalised to ab-
stract, non-linguistic stimuli, suggesting that the challenges experienced
by many children with dyslexia may reflect broader visual-perceptual
constraints rather than impairments limited to linguistic material,
including processes involved in parsing visual word forms into constit-
uent letters and phonemes for reading (Stein, 2025).

The concurrence of visual and phonological deficits in our sample
further reflects the multidimensional profile we reported previously
(Provazza, Adams, et al., 2019; Provazza et al., 2022; Provazza, Giofre,
et al., 2019). For example, Provazza, Giofre, et al. (2019) identified
subgroups characterised by isolated phonological deficits or by com-
bined visual-phonol deficits. Similarly, Provazza, Adams, et al. (2019)
reported that co-occurring deficits exacerbate reading challenges. The
present findings extend this work by demonstrating, for the first time,
that these same deficits are detectable in childhood using identical non-
linguistic tasks, suggesting that they are unlikely to reflect compensa-
tory consequences of prolonged reading impairments. Consistent with
this, exploratory discriminant function analysis provided preliminary
evidence that measures from both domains contributed to group
differentiation.

Interpreted within the triangle framework (Patterson & Lambon
Ralph, 1999; Plaut, 1999), the occurrence of visual and phonological
deficits is consistent with the view that reading draws on interacting
cognitive systems, such that vulnerabilities in one may extend beyond
strictly linguistic tasks. The conditions with the greatest group differ-
ences — those requiring discrimination of visually complex or similar
patterns — place demands on fine-grained perceptual differentiation,
analogous to the rapid and precise discrimination of visually similar
letters required during reading. Within this framework, both reading
and non-linguistic visual discrimination are assumed to draw on
partially shared system resources; consequently, inefficiencies in visual
processing may therefore affect performance across tasks that rely on the
same underlying mechanisms. Moreover, greater reading impairment
was associated with slower performance under visually demanding
conditions, suggesting that visual processing inefficiencies may relate to
the severity of reading impairment.

This multidimensional perspective is supported by cross-linguistic
evidence indicating that the relative contributions of visual, phonolog-
ical, and semantic systems to reading vary as a function of orthographic
depth (Provazza et al., 2022). Within the triangle framework, reading
performance reflects the dynamic weighting of these interacting sys-
tems. In shallow orthographies such as Italian, where grapheme-
phoneme correspondences are highly consistent (e.g., pinta, in which
the vowel is pronounced transparently as /pinta/), reading relies heavily
on rapid and precise vision-phonology mappings. As a result, in-
efficiencies in visual processing may be more likely to manifest behav-
iourally since the emergence of successful decoding depends strongly on
the visual system when learning to read.

In contrast, deeper orthographies such as English, involve irregular
mappings (e.g., pint, which deviates from analogous mappings in hint or
mint) and place greater demands on semantic and phonological media-
tion to resolve inconsistencies. Consequently, visual processing deficits
may be less behaviourally prominent (in accuracy) because reading can
be supported by compensatory mechanisms within the broader system.
This account offers one possible explanation for why visual deficits
appear more salient in shallow orthographies, whereas phonological-
sem factors exert greater influence in deeper systems (Elliott & Grigor-
enko, 2014; Georgiou & Parrila, 2020; Helland & Morken, 2016; Pro-
vazza et al., 2022; Share, 2021; Wimmer et al., 2000; Ziegler &
Goswami, 2005).

Thus, experience and mastery of a specific writing system may shape
the relative contribution and functional balance of visual, phonological,
and semantic systems during reading, whilst also influencing perfor-
mance on non-linguistic stimuli that place similar perceptual demands
on visual processing (Behrmann et al., 2025). Within this framework,
weaknesses in one or more of these interacting systems may contribute

Acta Psychologica 265 (2026) 106663

to dyslexia and its associated cognitive profile. Taken together, by ac-
commodating cross-linguistic variability and multiple pathways to
reading outcomes, the triangle model provides a useful account for
understanding heterogeneity in dyslexia.

Clinically, this perspective has important practical implications.
Diagnostic practices often prioritise phonological assessments, which
may overlook children whose deficits arise from visual processing
impairment. Our findings highlight the value of incorporating visual-
perceptual tasks, particularly using RT, into evaluation batteries. In
future, simple and quick tasks targeting high-level visual processing (e.
g., Ramamurthy et al., 2025) may help identify individuals at risk of
dyslexia or reading impairments. Interventions could focus on training
readers to better use their impaired visual processing, adopt alternative
strategies, or strengthen unimpaired abilities. Future research should
investigate the effectiveness of such interventions in both children and
adults.

In conclusion, the present study supports the view that dyslexia may
be driven by interactive impairments across visual and phonological
systems. The observed pattern of performance is consistent with multi-
dimensional accounts of dyslexia. Extending previous adult findings
using identical non-linguistic tasks, the results provide evidence that
these combined deficits are detectable in childhood, suggesting they
reflect core features of the disorder, rather than later emerging conse-
quences of poor reading experience. The findings extend orthography-
focused models by highlighting the potential contribution of domain-
general visual mechanisms as part of the reading system. By employ-
ing non-linguistic paradigms that isolate visual contributions, the pre-
sent study provides novel evidence regarding the cognitive architecture
of dyslexia and highlights the importance of considering visual as well as
phonological factors. A clearer characterisation of the cognitive path-
ways contributing to reading impairment will be important for inform-
ing assessment and for developing targeted interventions that address
the full spectrum of dyslexic profiles.

4.3. Limitations

The findings should be interpreted within the context of several
limitations. The sample was drawn from a school that includes SEN
provision and was modest due to ethical and practical constraints
including parental consent, child assent, and school-level approvals,
which may limit generalisability. Testing was not conducted blind to
group, and although RTs were recorded automatically, subtle expec-
tancy or interaction differences cannot be excluded. In addition,
discriminant function analysis was exploratory without cross-validation,
and phonological functioning was indexed using a single measure,
warranting replication in larger samples using broader assessments. The
correlational design also precludes causal inferences; the data cannot
fully determine if visual processing impairments contribute directly to
the reading impairment, emerge because of reduced reading experience,
or reflect shared underlying vulnerabilities. Furthermore, RT may be
influenced by attentional or strategic factors, and the absence of a
general cognitive measure may limit the ability to fully exclude alter-
native explanations. Future longitudinal, cross-linguistic, and interven-
tion studies incorporating attentional control (e.g., eye-tracking) and
broader cognitive measures will be important for clarifying develop-
mental directionality. However, it is important to note that group dif-
ferences were circumscribed to visually demanding conditions rather
than reflecting global slowing, suggesting a degree of specificity. Despite
these constraints, the findings and their association with reading
severity provide developmentally relevant evidence that visual pro-
cessing may contribute to dyslexia in some children.
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