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How do children with Cerebral Visual Impairment 
(CVI)-related visual difficulties perform on key academic 
domains in grade 1?
Sara Monteiro a, Pascale Esch a, Géraldine Hipp b and Sonja Ugen a

aLuxembourg Centre for Educational Testing, University of Luxembourg, Esch-sur-Alzette, Luxembourg; 
bMENJE, Centre pour le Développement des Compétences relatives à la Vue, Bertrange, Luxembourg

ABSTRACT
Previous research estimated a prevalence of 3.4% Cerebral Visual 
Impairment (CVI)-related visual problems within primary school 
children, potentially compromising students’ performance. This 
study aimed to clarify how CVI-related visual difficulties relate to 
academic performance in standardized achievement tests. As part 
of the Luxembourg school monitoring programme, 1129 first gra
ders (mean age of 7 years) participated in three competence tests 
(mathematics, early literacy and listening comprehension) and in 
student and parent questionnaires (background information). The 
same children took part in a CVI-related visual difficulties screening 
(Evaluation of Visuo-Attentional abilities battery, optometric and 
orthoptic measures). The sample was divided post-screening into 
38 children with potential CVI-related visual difficulties (18 females, 
20 males, mean age 7y, range 6–8y) and 890 typically developing 
(TD) children (445 females, 430 males, 15 missing, mean age 7y, 
range 5–10y). Compared to the TD sample children with CVI-related 
visual difficulties significantly underperformed in early literacy and 
mathematics, but not in listening comprehension, even when con
trolling for background characteristics known to influence perfor
mance (gender, socio-economic status, migration background, 
parental education, home language, age). The results confirm the 
association of CVI-related visual difficulties with learning processes 
already at primary school level and emphasize the need to imple
ment a systematic screening for CVI-related visual difficulties, as 
early as possible within the school path, to ensure adequate mea
sures are employed to aid students at risk.
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Advances in medicine were followed by an increase of premature infants’ survival rates, 
often associated with augmented visual processing deficits (E. L. Ortibus et al., 2011). 
Some of these deficits are linked to Cerebral Visual Impairment (CVI) (E. L. Ortibus 
et al., 2011; Philip & Dutton, 2014), a “visual dysfunction that cannot be attributed to 
disorders of the anterior visual pathways or any (. . .) co-occurring ocular impairment” 
(Sakki et al., 2018). CVI’s clinical presentations are vast, and visual processing 
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impairments often do not display in cerebral imageology (Fazzi et al., 2009), making 
diagnosis complex, possibly explaining the lack of agreed diagnostic protocols 
(McConnell et al., 2021). Diagnosis is typically done inferentially based on behavioral 
measures, with visual functions’ limits assumed to link to cerebral structures’ malfunc
tion (Chokron & Dutton, 2023). Additionally, affected children frequently do not report 
nor are aware of their visual condition, which does not prompt complaints that could 
trigger subsequent investigation (Chokron et al., 2021; Lueck et al., 2019).

A recent study estimated, that 3.4% of primary school children are affected with CVI 
related vision problems (Williams et al., 2021). With an estimated prevalence of one child 
per classroom experiencing CVI-related visual difficulties (Williams et al., 2021), it is 
urgent to understand how visual vulnerability can impact academic performance. This 
insight will allow educators and practitioners to accurately identify and address these 
difficulties at their core (McDowell, 2023). CVI can impact academic achievement as for 
a child to succeed on scholastic tasks the integrity of different visual processing skills is 
necessary (Molloy et al., 2017), as shown in the overview by Philip and Dutton (2014). 
The impact that CVI may have on different visual functions required to academically 
succeed can be illustrated by Goodale and Milner’s (1992; Goodale, 2013) proposal of 
vision organization in the brain. Their (Goodale, 2013; Goodale & Milner, 1992) dual- 
stream model is commonly accepted in research as the leading functional proposal of the 
visual system organization (Fazzi et al., 2009; Goodale, 2013). As opposed to a monolithic 
organization of vision, this model proposed two different computational pathways in the 
brain, one being responsible for identification and recognition and the other being 
responsible for motion and visually controlled action (Goodale & Milner, 1992). The 
dual-stream model proposal establishes a functional dichotomy between the ventral and 
dorsal stream projections with the dorsal being responsible for the “where” and “how” (a 
visual search and guided visual movement-based pathway) and the ventral being respon
sible for the “what” (a visual recognition-based pathway) in relation to a given visual 
target (Dutton, 2015; Goodale, 2013; Goodale & Milner, 1992). Dorsal stream impair
ments typically affect one or multiple visual functions, including visual search, visually 
guided movement, spatial mapping of the visual world, simultaneous processing of visual 
information and the capacity to visually apprehend information that is presented in 
a cluttered way (Barclay, 2015). Overall, dorsal stream level impairments are one of the 
most prevalent displays in childhood CVI (Chandna et al., 2021; Dutton, 2015; Lam et al.,  
2010; Merabet et al., 2023). Ventral stream impairments, on the other hand, typically 
display in impaired visual recognition (including facial and spatial recognition) and 
difficulties with visual memory (Barclay, 2015; Dutton, 2015). Reading and mathematics 
are particularly vulnerable to CVI’s adverse effects (Williams et al., 2011), given their 
visual processing load. Specifically, early literacy competences such as decoding, i.e. the 
ability to make the connection between graphemes and phonemes, and thus establish 
sound-symbol correspondence, partially relies on intact visual recognition (Barclay,  
2015). As a consequence, decoding is prone to be negatively affected by CVI, given 
that visual recognition is a visual function affected by certain CVI profiles (Barclay,  
2015). Visual discrimination and the capacity to discriminate visual elements (e.g. letters) 
and to intelligibly interpret them when displayed together in a word, is an important 
early literacy skill which may also pose challenges for children with CVI, particularly 
children who struggle with the effects of crowding or visual clutter (Barclay, 2015; 
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McDowell, 2020, 2023; McDowell & Butler, 2023). In lateral homonymous hemianopia, 
a visual field disorder resulting from CVI, children consistently miss parts of the text on 
the counter lesioned side (Chokron & Dutton, 2023; Chokron et al., 2010, 2021; Philip & 
Dutton, 2014). Adults with a similar visual field deficit in a left-to-right reading context 
displayed reduced reading speed and impaired reading fluency (McDonald et al., 2006). 
Children with an analogous diagnostic profile display similar deficits (Chokron et al.,  
2010). Visual agnosia in adults translates in childhood to difficulties to interpret what is 
seen, often affecting written material, such as letter recognition (Chokron et al., 2010). 
The inability to recognize letters or words poses challenges (Cavézian et al., 2010), as 
decoding entails symbol recognition (Barclay, 2015). Visual attention also plays an 
important role in children’s reading ability (Chokron et al., 2010). In this regard, dorsal 
stream dysfunctions damage the perception of visually loaded scenes as they interfere 
with global perception (Chokron et al., 2021; Dutton, 2003) which, in some children, 
affects the capacity to perceive groups of letters and words (Chokron & Dutton, 2023; 
Chokron et al., 2021; Philip & Dutton, 2014). Additionally, as children progress acade
mically, the font size of written text grows smaller, leading to an increase of text crowding 
and associated difficulty level of reading tasks (Dutton, 2003; Philip & Dutton, 2014). 
Hence, children whose CVI profile affects dorsal stream are at risk of developing reading 
difficulties (Chokron & Dutton, 2023; Valdois, 2022). More concretely, the mastery of 
early literacy, as defined by the school curriculum, is linked with visual processing 
(MENFP, 2011a). Specifically, the capacity to build and use different codes of written 
language is assessed on the basis of different performance indicators including visual 
discrimination, the capacity to visually recognize and memorize images and the capacity 
to associate identical images or images that complete each other (MENFP, 2011a). These 
are all performance indicators that may be affected by visual vulnerabilities resulting 
from CVI (Barclay, 2015).

Like reading, mathematics is likely to be affected by CVI. Considering that vision is 
primordial in spatial cognition and that numbers are systematically visualized in space 
(Cappagli et al., 2022; Hubbard et al., 2005), it can be anticipated that visual difficulties 
interfering with visuo-spatial processing, as part of CVI profiles, will be detrimental for 
the performance in mathematics. An explicit example of the interplay between numbers 
and space is the spatial-numerical association or response codes’ (SNARC) effect 
(Dahaene et al., 1993). The SNARC effect is usually assessed by parity judgment tasks 
(i.e. a task where subjects must judge if a number is odd or even). Typically, the SNARC 
effect for Arabic numbers is characterized by faster Reaction Times (RTs) when lower 
numbers are presented on the left side of space and, inversely, higher numbers tend to be 
associated with quicker RTs when presented on the right side of space. Thus, the SNARC 
effect allows to illustrate the association between space and numbers and even occurs in 
parity judgment tasks with no explicit relation to numerical magnitude (Hubbard et al.,  
2005). Children with low vision have been reported to present difficulties in locating 
numbers (Cappagli et al., 2022) or apprehending spatial concepts related to mathematics, 
such as data interpretation when the data is presented in a diagrammatic way (Barclay,  
2015; Hyvärinen et al., 2012). Indeed, the development of visual functions requires 
specific visual experiences. For example, the capacity to see patterns requires the previous 
exposure and development of a visual representation of these same patterns (Roman- 
Lantzy, 2018). Children who are (partially) deprived of visual input have difficulties to 
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mentally represent what they have never fully accessed visually (Roman-Lantzy, 2018). 
Additionally, many concepts in mathematics involve diagrammatic, pictorial, and gra
phic content that may be visually unintelligible or hard to access for children with CVI- 
related difficulties in visuospatial processing (Barclay, 2015). Additionally, visual recog
nition difficulties (Chokron, 2015a) may also affect numerical and symbolic content. 
Similarly, difficulties with visual form constancy can affect number recognition, in 
particular for numbers that are visually similar but reversed, such as 6 and 9 (Barclay,  
2015). Since number knowledge is a strong predictor of mathematics performance in 
later years (Hornung et al., 2014), loss of visual recognition of symbolic and numerical 
material entails longitudinal costs. Mental imagery difficulties make liaisons between 
objects and their visual representations challenging. In other words, intact vision plays 
a crucial role in developing visual representations and, consequently, in categorizing 
different elements perceived visually (Fazzi et al., 2010). Therefore, children with limited 
visual experiences, due to visual impairments, are more likely to struggle with tasks that 
require object or figure identification because they may not have fully developed neces
sary levels of abstraction and categorization (Chokron et al., 2021). Additionally, indivi
duals with CVI recognize objects less efficiently when they are depicted in an abstract 
manner (e.g. outlined or in a cartoon) compared to controls. Individuals with CVI seem 
to be more at ease when these same objects are presented in a way which is visually closer 
to their original presentation (e.g. closer to their colors and outlines) (Manley et al.,  
2023).

Dorsal stream impairments also impact mathematics leading to difficulties dealing 
with visually crowded material (Barclay, 2015). If the symbolic material presented in 
mathematics is not spaced, children might fail to single out elements or to conceive them 
separately. Children might equally struggle with complex arithmetic, especially consider
ing its visual multi-step nature (Barclay, 2015).

As oral language precedes the acquisition of early literacy, audition presents a critical 
sensory modality that allows children with CVI to access school material and didactic 
content. More specifically, the development of early literacy skills is closely linked to 
listening skills, such as listening comprehension or phonological awareness (Barclay,  
2015). However, the absence of intact visual representations (Fazzi et al., 2010) to pair 
with sounds, may hinder the development of a comprehensive auditory repertoire in 
these children. While listening comprehension can indeed support the academic success 
of children affected by CVI, the same cerebral structures underlying visual impairment 
may also affect auditory processing (Belote, 2020).

To sum-up, neurocognitive studies show the impact that CVI-related visual difficul
ties may have on different sub-processes connected to reading, mathematics and poten
tially listening comprehension. This study aims to explore to what extent CVI-related 
visual difficulties are associated with mastering precursor skills for key academic com
petences such as early literacy skills, mathematics and listening comprehension. The 
study was conducted in a representative cohort of first graders (mean age 7 years), 
assessed within the Luxembourg school monitoring programme (Fischbach et al.,  
2014), in a natural classroom setting. Considering previous research regarding the impact 
of CVI on reading and mathematics, it was hypothesized that children with CVI-related 
visual difficulties will have lower competences in early literacy (hypothesis 1) and 
mathematics (hypothesis 2), when compared to Typically Developing (TD) children. 
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The study refrains from formulating a specific hypothesis for listening comprehension as 
for this competence the material was presented auditorily, and the answer format was 
a closed multiple choice based on images, not requiring visual manipulation but sole 
image identification based on the auditorily presented content. Even though the visual 
load was lower than for the other two competence domains, it was not inexistent. 
Listening comprehension outcomes might, therefore, go two-fold: CVI-related visual 
difficulties might have a relation to performance, as there is some visual processing 
involved in task completion, or, instead, the heavier load on senses alternative to vision 
might result in similar group performances. Therefore, this study aims to investigate 
group differences in performance for listening comprehension.

Materials and methods

Participants

The study’s sample included 1129 children (M = 7 years; SD = 4 months) who were repre
sentative of the whole grade 1 cohort in terms of gender and socio-economic status (532 
girls, 580 boys). This sample was drawn from the full grade 1 cohort (N = 5536) that 
participated in the Luxembourg school monitoring programme, a standardized nationwide 
large-scale assessment evaluating whether the precursors to key academic competences 
were achieved (Fischbach et al., 2014; Martin et al., 2015). The students participated in the 
school monitoring programme at the very beginning of grade 1, after eight weeks of 
fundamental education, with the tests taking place during the month of November. The 
children were assessed in three competence areas: mathematics, early literacy and listening 
comprehension. In a second step, the same children’s neurovisual and visual functions 
were individually assessed as part of a countrywide screening of CVI-related visual 
difficulties at school. The individual assessments of CVI-related visual difficulties in school 
were organized between the months of January and July. To enable the exploration of the 
relation between having CVI-related visual difficulties and mastery of precursor skills, the 
school monitoring and the neurovisual screening data were matched through a trusted 
third party, to comply with data protection regulations. Children’s background variables 
were gathered through a questionnaire filled out by children and their legal guardians as 
part of the assessment. Ethical approval from the University was not required for this study 
as the school monitoring programme is legally approved by the national committee for 
data protection. Furthermore, to adhere to European Data Protection Regulations, the 
analyses used an anonymized dataset. Children and their legal guardians were informed 
and given the option to opt-out before data collection. They could also omit questionnaire 
parts if uneasy or unsure, which explains missing data (Table 1).

Instruments

Competence measures
The early literacy competence test (30 items) targeted the ability to construct and use 
written language units, including the sub-skills of phonological awareness, visual discri
mination, and alphabetic principle’s understanding. The mathematics competence test 
(60 items) covered the domains of numbers and operations, space and shapes and 
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dimensions and measures. The listening comprehension test (31 items) assessed the ability 
to identify and understand information in orally presented materials (e.g. stories) as well as 
the capacity to build information and activate listening strategies. A teacher administered 
the test booklets in the classroom. For the early literacy and listening comprehension tests 
an audio file was provided to the teachers. Each item was displayed on a single page. 
Detailed instruction and scoring manuals were provided. The scoring was dichotomous, 
coded as right or wrong. These raw scores were scaled with item response theory models to 
provide one competence measure scale for each test (Fischbach et al., 2014). The scores 
were transformed to a scale with M = 500 and SD = 100.

Neurovisual measure
The neurovisual measure used was the Evaluation of Visuo-attentional Abilities (EVA) 
battery (Cavézian et al., 2010), a 20-minute behavioral test battery to screen for CVI- 
related visual difficulties in children aged four to six years old. Dorsal-stream difficulties 
are known to be the most prevalent symptoms of childhood CVI, with visual search and 
visuo-attentional skills being the most affected (Chandna et al., 2021; Dutton, 2015; Lam 
et al., 2010; Merabet et al., 2023). As both domains are assessed by the EVA (Cavézian 
et al., 2010) this tool appeared to be a suitable option to screen for CVI-related visual 
difficulties in grade 1 children. The EVA administration was done at school, on a one-to- 
one basis by a specialized clinician and included all nine subtests which focused on 
different neurovisual functions: gaze fixation, visual field, visual extinction, binocular 
visual pursuit, visual memory, a teddy bear cancellation task (Laurent-Vannier et al.,  
2006), a letter cancellation task (Corkum et al., 1995), an embedded figures test and 
a matching test. The EVA (Cavézian et al., 2010) was developed considering a CVI 
prevalence of 3 to 5% within the general population (Chokron, 2007). The original 
norming cohort for this battery consisted of 450 kindergarten children (Cavézian et al.,  
2010; Chokron, 2015b). Following an estimated prevalence of 3–5% for CVI among 
children, a 5% threshold was admitted to screen effectively for these cases. To analyze 

Table 1. Children’s background characteristics: age, gender, SES, migration background, home 
language, and parental education of TD and CVI children.

Groups

TD CVI

Background variable N M (SD) N M (SD) t-test

Age in months 890 84.204 (5.361) 38 86.042 (4.979) .038*
SES (HISEI) 739 50.160 (15.813) 30 47.000 (16.110) .283

N % N % χ2

Gender Female 445 50.9 18 47.4 .674
Male 430 49.1 20 52.6

Migration background Native 380 50 18 58.1 .379
Non-native 380 50 13 41.9

Home language Luxembourgish/German 511 57.4 24 63.2 .483
Other 379 42.6 14 36.8

Parental education Low 265 35.3 10 37.0 .856
High 485 64.7 17 63.0

The p-values come from chi-squares of variable independency and two-tailed independent t-tests of mean difference 
between groups.
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performance, the lowest 5% of scores – or the closest value to 5% – from the norming 
cohort were evaluated separately for each age group (4–5 years and 5–6 years respec
tively). The total score for each child was calculated by counting the number of subtests 
they completed successfully (Chokron, 2015b). A subtest was completed successfully if 
the performance was above the lowest 5% of scores within the norming cohort, and each 
subtest received a score of 1 (if successful) or 0 (if unsuccessful). The cutoff score for 
identifying CVI-related visual difficulties was then determined by considering the dis
tribution of total scores for the entire battery. For the 5–6-years age group, a child was 
considered having CVI-related visual difficulties if they failed two or more of the nine 
subtests (Chokron, 2015b). However, because the children in this study were older (7–8  
years) than those in the original norming sample, stricter cutoffs were applied with 
a 7–8-year-old child being flagged for CVI-related difficulties if they failed just one of the 
nine subtests. This was decided by expert judgment consensus, which included the 
clinical team of neuropsychologists, optometrists and orthoptists who individually 
assessed the children at school. If the children performed below the adapted cutoff, 
a CVI-related visual difficulties clinical outcome was attributed post screening.

Visual measures
Additional visual measures were collected by the optometrists and orthoptists aimed to 
identify children at risk of ophthalmological difficulties. The set of measures were applied 
by either an optometrist or an orthoptist, at school, in an individualized setting. The 
measures aimed to collect low-level visual processing information. They included an 
assessment of monocular visual acuity for far vision (for both left and right eyes), an 
assessment of binocular visual acuity for near vision as well as an assessment of binocular 
low contrast sensitivity (in near vision. The acuity measures used the LEA symbols 
optotypes (Hyvärinen et al., 1980). Furthermore, an assessment of color vision was 
performed (Ishihara, 1917), as well as a binocular vision assessment comprising 
a convergence test, a cover test, an ocular motility test and an assessment of stereo acuity 
(stereopsis). Children who failed one of these assessments were referred to an ophthal
mologist for further investigation and for necessary correction. Considering that the 
focus of this manuscript were dorsal-stream difficulties (i.e. visuo-attentional difficul
ties), children flagged by the visual measures were excluded from the group with CVI- 
related visual difficulties and composed the ophthalmological group, as no conclusions 
could be made regarding their visuo-attentional processing prior to adequate interven
tion. It is still worth noting that optometric and orthoptic difficulties are well documen
ted in CVI children (Boonstra et al., 2022; Fazzi et al., 2007; V. Good et al., 1994; 
W. V. Good et al., 2001; Philip & Dutton, 2014).

Background data
Regarding children’s background characteristics, the International Socio-Economic 
Index of Occupational Status (Ganzeboom, 2010; Ganzeboom & Treiman, 1996)(ISEI) 
was used as a scale for the parents’ occupational status. Children’s Socio-Economic Status 
(SES) was derived from the highest ISEI in the household (HISEI). The categorical 
background variables were arbitrarily dummy coded to enter the regression analysis. 
Gender was treated in a dichotomous format (female/male), with female being the 
reference category. The sample was divided into two language groups: children speaking 
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Luxembourgish or German at home and those who did not speak these languages at 
home. Considering that only a third of the school population speaks Luxembourgish as 
a first language (SCRIPT, MENJE, 2022) and that Luxembourgish is linguistically close to 
German, which is the language of literacy acquisition, speaking German could enhance 
academic performance in the language competence tests (Hornung et al., 2015). Speaking 
Luxembourgish or German at home was used as the reference category (0). Regarding the 
migration profile, children with at least one parent born in Luxembourg were considered 
native and constituted the reference category for this dummy variable coding (0). 
Regarding parental education, the sample was divided into lower (i.e. no diploma or 
technical secondary education) and higher education (i.e. secondary education, crafts
man diploma, non-university degree, university degree) With lower education being the 
reference category (0).Statistical analyses

To answer the research question and test hypotheses 1 and 2, stepwise regression 
models were computed. Model 1 and 2 considered early literacy test scores as the 
outcome, model 3 and 4 considered mathematics test scores as the outcome and finally, 
model 5 and 6 addressed the scores of listening comprehension as the outcome. Models 1, 
3 and 5 used group affiliation (TD vs. CVI-related visual difficulties) as single predictor of 
performance. In a second step, we controlled for background variables that are known to 
influence academic performance (Agirdag & Vanlaar, 2016; Colling et al., 2024; Duong 
et al., 2016; Hornung et al., 2015) (gender, parental education, home language, migration 
status, SES and age).

Results

Data analyses were done with the software IBM SPSS Statistics (Version 27). Descriptive 
statistics were computed for all background (Table 1) and performance variables 
(Table 2).

Altogether 38 children performed below cutoff on the EVA battery (average age 7  
years, SD = 4 months). These children were solely flagged on this tool, displaying TD-like 
performances in optometric and orthoptic measures. Children who struggled in the 
additional optometric and orthoptic measures were not considered for the purpose of 
this study (n = 189) and were excluded from the sample, given that the study targeted 
dorsal-stream difficulties which were addressed by the EVA battery. Children with 
a combination of ophthalmological and CVI-related visual difficulties issues (n = 12) 
were equally excluded from the sample, given their heterogeneous clinical presentation. 
The remaining 890 children, not flagged in any of the clinical screening instruments, 
were classified as TD (average 7 years, SD = 5 months).

Table 2. Means and standard deviations of scores on competence measures per 
group.

Competence Test Group N Mean SD

Early Literacy TD 817 512.08 113.61
CVI 37 454.37 118.41

Mathematics TD 871 517.93 86.87
CVI 38 470.86 98.04

Listening comprehension TD 825 505.80 104.45
CVI 37 471.58 126.88
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For all the analyses, a significance cutoff of p < .05 was used to determine statistical 
significance. There were no significant differences between groups for the background 
variables gender, SES, migration background, home language and parental education, 
except for age. Children with CVI-related visual difficulties were slightly older than TD 
children (see Table 1). As for the group differences in the main outcomes, independent 
samples t-tests were computed per competence domain. The 871 TD children who 
participated in the mathematics test (M = 518, SD = 87), demonstrated significantly 
higher scores in this competence domain t(907) = 3.25, p = .001, when compared to the 
38 children with CVI-related visual difficulties (M = 471, SD = 98). The effect size for the 
difference between samples was calculated with Cohen’s d, resulting in a value of 0.54, 
which is considered moderate. The 817 TD children who participated in the early literacy 
test (M = 512, SD = 114), demonstrated significantly higher scores in this competence 
domain t(850) = 2.94, p = .003, when compared to the 35 children with CVI-related visual 
difficulties (M = 454, SD = 118). The effect size for the difference between samples was 
calculated with Cohen’s d, resulting in a value of 0.51, considered to be a moderate effect. 
The 825 TD children who participated in the Luxembourgish listening comprehension 
test (M = 506, SD = 104), did not demonstrate a significant difference in scores for this 
competence domain t(860) = 1.9, p = .054, when compared to the 37 children with CVI- 
related visual difficulties (M = 472, SD = 127). The effect size for the difference between 
samples was calculated with Cohen’s d, resulting in a value of 0.32, considered a small 
effect.

Subsequently, as a first step, we performed a single regression analysis with children’s 
clinical outcome as a function of each performance domain. The first stepwise regression 
models were computed to address hypotheses 1 and 2 and test the research question 
(models 1, 3 and 5, respectively). According to hypothesis 1 lower performances in the 
group with CVI-related visual were associated with difficulties in the competence of early 
literacy. Indeed, the results indicated a significant association between a lower test score 
for early literacy (model 1) and having CVI-related visual difficulties (β = −62.857, 
p = .006). Hypothesis 2 predicted an association between having CVI-related difficulties 
and lower performances in mathematics. Respectively, the results showed a significant 
association between a lower test score for mathematics (model 3) and having CVI-related 
visual difficulties (β = −47.344, p = .005). Research question 1 aimed to investigate 
whether there was a relationship between having CVI-related visual difficulties and 
performing in listening comprehension. The results of regression model 5 (Table 5) 
did not indicate a significant association between having CVI-related visual difficulties 
and performing in listening comprehension (β = −23.319, p = .153), thus suggesting that 
there is no significant difference between the allocation to either of the two clinical 
outcomes (i.e. TD or CVI-related visual difficulties) and performance in this competence 
domain.

As a second step, we performed a multiple regression analysis with children’s clinical 
outcome as a function of each performance domain whilst controlling for background 
variables known to influence performance (including age) (Agirdag & Vanlaar, 2016; 
Colling et al., 2024; Duong et al., 2016; Hornung et al., 2015). With respect to hypothesis 
1, a significant association was observed between CVI-related visual difficulties and early 
literacy performance (β = −57.687, p = .008). TD children significantly outperformed 
peers with CVI-related visual difficulties. The individual parameters of model 2 
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(Table 3) were examined further and indicated that, other than having CVI-related visual 
difficulties, SES was a significant predictor for performance in early literacy (β = 1.470, 
p = .000). An increase in SES is, therefore, significantly associated with an increase in 
early literacy performance. Gender was also significantly associated with early literacy 
performance (β = −17.341, p = .032), with girls significantly outperforming their male 
peers. Children who spoke Luxembourgish or German at home had higher scores in this 
competence than their peers (β = 20.612, p = .040). The same observation was made for 
children without a migration background outperformed their peers (β = −23.596, 
p = .020) and for higher levels of parental education (β = 23.364, p = .014). Overall, the 
amount of explained variance is higher in the multiple regression model 2, when 
compared to the single regression model 1 (Table 3), making it a better fit to explain 
our results and therefore account for the influence of CVI-related visual difficulties even 
when controlling for background variables including age (Table 3). This result highlights 
the contribution of CVI-related visual difficulties and also shows its independence from 
these socio-demographic factors (including age). The same applied to hypothesis 2, as 
children with CVI-related visual difficulties scored significantly lower in mathematics 
than TD children (β = −46.701, p = .004), even when controlling for background variables 
(Table 4). The individual predictors of model 4 (Table 4) were further examined and the 
results suggested that, other than having CVI-related visual difficulties, having a higher 
SES (β = .916, p = .000), speaking Luxembourgish or German at home (β = 19.839, 
p = .009) and having higher levels of parental education (β = 22.216, p = .002) were 

Table 3. Parameter estimates (β) for associations between early literacy skills, diagnosis, age and 
background variables.

Outcome Predictors Model Unstandardized coefficients Standardized coefficients R Square

β Std. Error p .011

Early literacy (Constant) 1 523.505 4.339 .000
CVI −62.857 22.976 .006 −.105
(Constant) 2 468.130 68.901 .000 .136
CVI −57.687 21.688 .008 −.096
Age −.299 .792 .706 −.014
Gender −17.341 8.057 .032 −.078
Parental education 23.364 9.469 .014 .100
Home language 20.612 10.031 .040 .093
Migration status −23.596 10.118 .020 −.106
SES 1.470 .292 .000 .207

Table 4. Parameter estimates (β) for associations between mathematics performance, diagnosis, age 
and background variables.

Outcome Predictors Model Unstandardized coefficients Standardized coefficients R Square

β Std. Error p .011

Mathematics (Constant) 3 527.646 3.226 .000
CVI −47.344 16.884 .005 −.105
(Constant) 4 431.092 52.499 .000 .105
CVI −46.701 16.212 .004 −.103
Age .316 .602 .600 .019
Gender 7.261 6.094 .234 .043
Parental education 22.216 7.133 .002 .125
Home language 19.839 7.618 .009 .117
Migration status −7.692 7.688 .317 −.045
SES .916 .220 .000 .169
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significantly associated with increased performances in the mathematics competence 
test. Similarly to early literacy, the amount of explained variance was higher for the model 
including background variables (model 4) when compared to the single regression model 
3 (Table 4) thus making it a better fit to explain our results. Lastly, to address the 
manuscript’s research question, the results of model 6 suggested that being identified 
with CVI-related visual difficulties was not a significant predictor for listening compre
hension thus indicating that children with and without CVI-related visual difficulties 
obtain similar scores after controlling for background characteristics (including age). 
Other parameters were significantly associated with the performance in listening com
prehension including a higher SES (β = 1.078, p = .000), age (β = −2.046, p = .001), speak
ing Luxembourgish or German at home (β = 36.345, p = .000), a higher level of parental 
education (β = 26.507, p = .000) as well as the absence of migration status (β = −61.446, 
p = .000). These variables seemed to better predict the performance in listening compre
hension than having been identified with CVI-related visual difficulties. Figure 1 illus
trates the group differences in performance for each competence domain controlling for 
background variables.

Discussion

This study, reporting on a national representative cohort of first graders in Luxembourg 
(mean age 7 years), explored the relationship between CVI-related visual difficulties and 
precursors to key academic competences at the beginning of formal schooling, within 
a natural setting (classroom). The results aim to address the lack of research investigating 
the relation between impaired visual processes and precursors to key academic skills as 
early as the beginning of grade 1, within a natural environment (classroom).

The standardized competence tests used provided results as a one-scale value, as they 
primarily aim to evaluate the educational system. The use of competence tests in 
association with a visual profile constituted a secondary use of the school monitoring 
tool. Therefore, the way the test material was presented was strictly connected to the way 
its assessment has been formulated within the national school curriculum (Fischbach 
et al., 2014). Consequently, there were some restrictions in terms of visual presentation of 

Table 5. Parameter estimates (β) for associations between listening comprehension performance, 
diagnosis, age and background variables.

Outcome Predictors Model Unstandardized coefficients
Standardized 
coefficients R Square

β Std. Error p .002

Listening 
comprehension

(Constant) 5 520.308 3.915 .000
CVI −23.319 20.375 .253 −.044
(Constant) 6 635.029 55.069 .000 .320
CVI −22.252 16.982 .191 −.042
Age −2.046 .633 .001 −.105
Gender −7.581 6.422 .238 −.038
Parental 

education
26.507 7.529 .000 .126

Home language 36.345 7.969 .000 .182
Migration status −61.446 8.055 .000 −.307
SES 1.078 .232 .000 .169
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the material and performance score calculation. Although there is only one general score 
per domain, this study assumes, in line with previous research (Chokron & Dutton, 2023; 
Chokron et al., 2010, 2021; Fazzi et al., 2009; Lueck et al., 2019; Molloy et al., 2017; Philip 
& Dutton, 2014), that different subprocesses necessary to complete the tasks within each 
domain are affected in the subsample with CVI-related visual difficulties. Additionally, 
even though neurocognitive studies often look at subprocesses of reading and mathe
matics separately, difficulties detected for one of these domains will likely impact both. 
Indeed, the results of this study showed that TD children outperformed peers with CVI- 
related visual difficulties in early literacy and mathematics. This aligns with difficulties 
inherent to a profile with CVI-related visual difficulties that has been identified in 
previous research and that impacted visual functions required to succeed in academic 
contexts (Barclay, 2015; Chokron & Dutton, 2023; Chokron et al., 2010, 2021; Williams 
et al., 2021). More precisely, in the early literacy and mathematics tests, the instructions 
were presented auditorily and provided an explanation on how the task should be 
completed. Children had to visually analyze each item, decode the visual information 
presented and visually process it. It can be hypothesized that the load of visual content to 
be processed is fundamentally higher for early literacy and mathematics when compared 
to listening comprehension, thus resulting in significantly lower performances for chil
dren with CVI-related difficulties when compared to their TD-peers.

Looking into each domain in isolation, this study set off from the hypothesis that the 
subsample with CVI-related visual difficulties would display a lower performance in the 
domain of early literacy, when compared to the TD children. The early literacy measure 
sampled the curriculum domains of phonological awareness (via grapheme recognition), 
visual discrimination, and word segmentation. Research exploring the profile of CVI 
children stresses how both ventral and dorsal stream impairments negatively impact 
areas linked with reading (Chokron & Dutton, 2023; Chokron et al., 2021; Philip & 
Dutton, 2014). Hence, crowding is a frequent challenge for children presenting with 

Figure 1. Association between CVI-related visual difficulties and academic achievement.
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dorsal stream disfunction (Philip & Dutton, 2014), and is often transposed to reading, as 
visual symbols (letters) are presented simultaneously and require concurrent visual 
processing. This difficulty might have affected children’s ability to solve items that 
require visual discrimination, such as letter cancellation tasks where multiple elements 
are presented in a line, and some must be singled out as targets. It should be noted that 
the EVA battery (Cavézian et al., 2010) has different subtests (e.g. tangled figures subtest; 
cancellation tasks) which directly or indirectly address the perception of multiple ele
ments simultaneously. Therefore, children who performed below cutoff in these subtests 
may have been particularly prone to difficulties with the tasks of the school monitoring 
that require intact perception of visual elements’ crowding. Difficulties relating to visual 
recognition, that can also manifest when coping with written material, thus inducing 
a vulnerability which will closely connect with early literacy skills’ mastery (Chokron,  
2015a). Concretely, this difficulty affects the capacity to recognize words or syllables 
(Chokron, 2015a). We infer from our results that fully functional higher order visual 
processing is required to complete different test items successfully. These difficulties are 
not based on children’s language proficiency, as this background characteristic was 
controlled for in all six models (Tables 3–5). Therefore, the lower performances of 
children with CVI-related visual difficulties, when compared to TD peers, are most 
probably associated with their visual profile.

As in early literacy, the mathematics test also sampled school curriculum domains, 
namely numbers and operations, space and shapes as well as dimensions and measures. 
Previous empirical research (Barclay, 2015; Chokron & Dutton, 2023) showed that multi- 
digit calculations and the systems in which numbers are represented rely on visuo-spatial 
cognition (e.g. number line). If CVI affects aspects of the dorsal stream, it will most likely 
affect visual processes required for the domain of numbers and operations, such as the 
organization of a calculation on a sheet of paper or the capacity to spatially differentiate 
magnitudes. The capacity to align numbers might equally be impaired (Chokron & 
Dutton, 2023). Figure-ground discrimination or impaired perception at global and 
local levels of processing might also affect the way children distinguish different shapes 
or objects and accurately see the full content in exercises requiring intact shape percep
tion. Mental imagery difficulties make the liaisons between an object and its visual 
representation an endeavor. Tasks relying on object or geometric figure’s identification 
may be extremely difficult (Chokron, 2015a) as might be the capacity to access symbolic 
(often numeric) content from a piece of paper (Philip & Dutton, 2014). Similarly, tasks 
requiring higher order visual processing, such as mental figure manipulations (e.g. 
rotation), might be a challenge for children struggling to mentally represent them. As 
these mechanisms are to some extent employed in the completion of the mathematics’ 
items used in the standardized competence test (MENFP, 2011a, 2011b), the significantly 
lower performance of the sample with CVI-related visual difficulties translates these 
mechanisms’ vulnerability. However, in-depth analysis of item content would have to be 
pursued to confidently identify the domains in which these children mostly failed.

Additionally, this study aimed to investigate whether there were group differences 
in listening comprehension performance. Unlike early literacy and mathematics, the 
performances of children with CVI-related visual difficulties and TD children did not 
significantly differ. The competence domain of listening comprehension targeted first 
graders’ oral comprehension skills (Fischbach et al., 2014; MENFP, 2011a). The 
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materials in this competence were presented orally, thus considerably decreasing the 
visual load with which children with CVI-related visual difficulties would have to 
cope successfully. Additionally, in the listening comprehension test, the answer for
mat consisted of a cross-sensory matching task whereas, for early literacy and 
mathematics, children had to actively process and mentally manipulate the visual 
content presented. In other words, the instructions in the listening comprehension 
test included the targeted answer that children had to auditory apprehend and then 
match to its visual referent. Thus, the visual load here was fundamentally lower than 
for the tests of early literacy and mathematics. Furthermore, previous research 
showed that children with CVI-related visual difficulties tend to develop sensory 
modalities that are not visual as compensation strategies (Barclay, 2015; Philip & 
Dutton, 2014). In fact, research on cross-modal plasticity emphasized the role that 
sense modalities deploy, especially via their ability of enhancement, to compensate for 
a lack of vision (Collignon et al., 2009). We believe that the absence of group 
differences in this competence domain relies on both the decrease in visual load, as 
the material is presented via an audio file (e.g. stories), and on the use of audition as 
a compensation strategy. Considering that other academic areas imply listening 
comprehension mastery (Barclay, 2015), it is important to consider the format in 
which learning materials are presented and its relation to children’s academic success.

It is also worth noting that, children who were flagged in the visual measures applied 
by orthoptists and optometrists, also displayed significant performance differences when 
compared to their TD-peers (Monteiro et al., 2024). The ophthalmological subsample 
significantly underperformed their TD-peers in the domains of mathematics, early 
literacy and, as opposed to children with CVI-related visual difficulties, also in the 
domain of listening comprehension. These results thus suggest a vulnerability that 
extends beyond the visual load of the test material and that may not be compensated 
by using alternative sensory input modalities.

Lastly, the phenotypical similarities between CVI and other neurodevelopmental 
disorders should be discussed. This is especially important, as underperformances in 
the EVA battery may result from other developmental conditions, such as Autism 
Spectrum Disorder (ASD) and Attention-Deficit Hyperactivity Disorder (ADHD). 
Indeed, some diagnostic criteria for ASD as mentioned in the diagnostic and statistical 
manual of mental disorders’ (DSM-5) match those of children with visual impairment, 
such as lack of eye contact, the presence of stereotypical behaviors, or reactions to stimuli 
(e.g. side tracking by unimportant stimuli) (Fazzi et al., 2019; Molinaro et al., 2020). This 
aligns with Fazzi et al. (Fazzi et al., 2019) who observed that the prevalence of ASD was 
higher among children with visual impairment than at population level. Consequently, 
potential comorbidities or similarities between symptoms should be reflected upon 
carefully. Another neurodevelopmental disorder to address is ADHD, especially when 
considering that the EVA (Cavézian et al., 2010) addresses visuo-attentional difficulties. 
Indeed, the attentional overlap between CVI and ADHD has been previously reported 
(Chokron & Dutton, 2023; Hokken et al., 2023; Lueck et al., 2019) and implies a serious 
challenge for setting up differential diagnosis. Thus, it cannot be excluded that some of 
the profiles identified by the EVA may also relate to those of ADHD children, and 
therefore some caution should be taken when interpreting a performance below the EVA 
cutoff as exclusively relating to visual disorders.
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Limitations

Some limitations to this study must be acknowledged. The EVA battery (Cavézian et al.,  
2010) targets a limited set of visual functions, with special emphasis on visual attention. 
Therefore, the group with CVI-related visual difficulties might be underestimated as 
there may be unflagged children within the TD sample who display other profiles 
consistent with CVI-related visual difficulties. However, we can confidently say that, 
within our nationally representative sample, children with profiles of visuo-attentional 
difficulties displayed lower academic performances in mathematics and early literacy 
when compared to their TD peers.

This study analyzed performance differences between children with CVI-related visual 
difficulties and their TD-peers through a secondary use of the national school monitoring 
program. Repurposing the school monitoring program for the scope of this study also 
implied a limitation as procedures of item design and test administration had to be 
respected. In fact, this study’s preliminary results suggest that the complementary 
employment of distinct sensory modalities may have aided the intelligibility and acces
sibility of the tasks in listening comprehension. The use of both visual and auditory input 
may thus have supported the performance of children with CVI-related visual difficulties, 
who constitute a group repeatedly identified in research as being academically at-risk 
(Lueck & Dutton, 2015; Molloy et al., 2017; Pawletko et al., 2015; Williams et al., 2011). It 
can be hypothesized that the observed performance differences in early literacy and 
mathematics may also partially relate to the presentation format of the test material and 
to the extent of visual operations at varying levels to be able to successfully complete the 
tasks of these two competence tests. Further studies assessing mathematics and early 
literacy in a similar format to listening comprehension would be important to best clarify 
the extent to which the material presentation may contribute to performance differences 
between samples. However, it is important to consider that the test material used to assess 
these competence domains was designed in accordance with the didactic material used at 
school and that it reflects the children’s traditional learning environment. Moreover, 
difficulties associated with lower-level visual processing (i.e. acuity, contrast, color 
sensitivity, depth perception) were excluded within the sample of children with CVI- 
related visual difficulties thus presuming that, to a certain extent, their central visual 
function was preserved and did not compromise access to the test material.

Even though research recommends integrating multiple sources of information 
for a valid CVI diagnosis (Lueck & Dutton, 2015; Lueck et al., 2019; E. Ortibus 
et al., 2011; Pilling et al., 2022), in this study the use of the EVA was not intended 
for profiling nor for diagnostic purposes. The tool was used as a preliminary 
screening instrument, and adaptations to the cutoffs were needed to target the 
mean age of our study sample (7 years). Therefore, those identified as at-risk by 
the EVA (using more stringent and modified cutoff scores) were invited for an in- 
depth assessment involving a broader set of neuropsychological tools, as well as 
an anamnesis (including medical risk factors, such as prematurity or birth 
weight). This second phase of the process aimed to create a more detailed profile 
of the child’s difficulties from a CVI perspective. Although this in-depth assess
ment was not the primary focus of this manuscript, it is essential to mention it 
considering that it may help address some of the study’s limitations. More 
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specifically, this phase ensured that the difficulties identified through the initial 
screening were validated by other tools assessing the same (or alternative) visual 
processes. Data on medical risk factors would have provided useful information to 
improve the analyses computed in this study. Indeed, considering the widely 
reported associations between premature birth and CVI-related difficulties 
(Dutton, 2013; Khetpal & Donahue, 2007) information on the child’s gestational 
age would have offered an interesting outlook. However, collecting this kind of 
sensitive data is not covered by the mission and scope of the school monitoring 
(Martin et al., 2015).

Additionally, although the EVA battery’s cutoffs were adjusted, other optometric and 
orthoptic measures were used to differentiate between children with CVI-related visual 
difficulties and children with ophthalmological difficulties. The alterations should, none
theless, be statistically validated in future studies. It is also important to mention that 
other neurodevelopmental disorders may be associated with the observed under perfor
mance in the EVA battery. Indeed, previous research on the phenotypical overlap 
between neurodevelopmental disorders such as ASD and ADHD with CVI (Chokron 
& Dutton, 2016, 2023; Chokron et al., 2020, 2021; Fazzi et al., 2019; Hokken et al., 2023; 
Hokken, Stein, et al., 2024; Hokken, van der Zee, et al., 2024; Lueck et al., 2019; Micheletti 
et al., 2021; Molinaro et al., 2020). However, as the focus of this study was to screen for 
CVI-related visual difficulties, a differential diagnosis as well as a visuo-attentional 
profiling were established at a later stage of the diagnostic process, with all children 
who had been flagged by the EVA attending a more in-depth clinical assessment. 
Furthermore, as the study uses standardized large-scale global competence scores, it is 
not possible to draw conclusions on specific subprocesses (e.g. arithmetic or counting for 
mathematics).

Strengths and conclusions

Nationally representative data regarding the relation of CVI-related visual difficulties 
with key precursors to academic performances is a strength of this paper. The 
prevalence rates identified within our sample go in a similar direction of recently 
published findings (of 3.4%), under a different methodological approach (Williams 
et al., 2021). The group with CVI-related visual difficulties performed significantly 
below the TD group in early literacy and mathematics. The significantly lower 
performances show as early as the very beginning of grade 1. The results stress the 
association of CVI-related visual difficulties in the educational context and show that 
children with CVI-related visual difficulties have not met the minimum standard in 
terms of their previous learning cycle, when compared to their TD-peers. The results 
thus emphasize the need for an early systematic screening that goes beyond the 
universally established assumption that acuity assessment would suffice as 
a measure of visual integrity. Further research could target finer-grain analyses on 
item-level to specify which sub-domains are impacted by CVI-related visual difficul
ties. However, children with CVI-related visual difficulties perform similarly to their 
TD peers in listening comprehension. This result provides insight on how to build on 
these children’s strengths by using sense modalities alternative to vision to support 
them in their academic learning.
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