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Highlights
| Written symbols are specific stimuli made up of a spatial combination of strokes.
Our temporal gap index contrasted visual search of symbol versus colour.
Reading speed and accuracy significantly correlated to visual search index.

Individual centile categorisation did not differ between visual search and reading.

Our visual search screening test obtained 63 % sensitivity and 71 % specificity.
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Abstract

Objective

Visuo-attentional dyslexia has been associated with impaired simultaneous visual processing
of multiple items made of separable features (i.e. symbols). We designed a visual search
screening test, consisting to find the (unique) black circle among circles of various colours
versus among circles combined with a bar of various length and location. We evaluated its
reliability and its validity to detect visuo-attentional deficit prone to affect reading.

Results of study 1

Assessment of 2015 children between 3 and 11 years old established that the screening test
was feasible from kindergarten, and that our index contrasting visual search performance for
symbols relative to colours (the Temporal Gap) decreased with age. Satisfactory test—retest
reliability of the standardised index (independent from age) was found on a sample of 69
individuals.

Results of study 2

Reading speed and inaccuracy assessed for 769 4th and 5th grades children were significantly
correlated to the Temporal Gap. A Temporal Gap above 75th centile predicted reading
efficiency deficit above 95th percentile with 63 % sensitivity and 71 % specificity.

Perspectives

Our screening test can be used in clinic to detect whether a child with developmental dyslexia
presents visuo-attentional fragility prone to contribute to the reading difficulties. Its validity as
early predictor of a risk to develop visuo-attentional dyslexia needs further investigation.
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What this paper adds?

We designed a visual search screening test to compute the temporal gap between a condition
where a black circle has to be found among symbols (circles combined with a bar of various
length and location) and a condition where it appears among circles of various colours. This
index aimed at quantifying a specific visuo-attentional disability to process visual stimuli
characteristic of written language, i.e. symbols defined as shapes made by separable strokes.
The visual search screening test was easily performed by 2015 children aged from 3 to 11.
The standardised temporal gap showed a satisfactory test-retest reliability across ages. In 769
children of 4th and 5th grades, it predicted 5.3 % of the variance of reading efficiency. The



centile categorisation of performance in the visual search screening test and in the Alouette
reading test were not statistically different, whether reading speed or inaccuracy was
considered. Visual search index above the 75th percentile allowed us to detect reading
efficiency deficit (above 95th percentile) with 63 % sensitivity and 71 % specificity. The
lower sensitivity was expected, with false negative individuals corresponding to children with
developmental dyslexia solely due to phonological deficits. We conclude that the visual
search screening test makes a useful clinical tool to detect whether a child with developmental
dyslexia presents visuo-attentional fragility prone to contribute to the reading difficulties. As
it was feasible as early as 3 years old it could potentially also constitute an early predictor of a
risk of visuo-attentional developmental dyslexia.

1. Introduction

1.1. General context of the present investigation

Developmental dyslexia (DD) is a failure to acquire efficient reading despite normal
intelligence and adequate education (Rutter & Yule, 1975). The most common and sometimes
the only causal deficit admitted in DD is the phonological deficit (Hulme, 1987, Goswami,
2015). However, researches have shown that visual-attentional (VA) deficits are present in
several individuals with DD, sometimes in the absence of phonological deficits (Lobier et al.
2012, Saksida et al., 2016, Valdois et al., 2011, Zoubrinetzky et al., 2014). These non-
phonological deficits have been characterized as a difficulty in processing multiple alphabetic
or non-alphabetic visual symbols in parallel related to superior parietal lobule (SPL)
dysfunction (Liu et al., 2022, Lobier et al., 2012, Lobier et al., 2014; Lobier & Valdois, 2015;
Peyrin et al., 2011; Reilhac et al., 2013; Valdois et al., 2019a; Valdois et al., 2021, Vialatte et
al., 2023a). Their clinical measure (the VA span assessment) is only available for children of
primary school age, as it involves the verbal report of a sequence of letters or digits briefly
flashed on a computer screen to reveal a reduced number of graphic symbols that the child
can simultaneously identify in one ocular fixation (Lobier & Valdois, 2015; Valdois et al.,
2003). Hence, VA processing impairment prone to affect the reading acquisition are often
discovered later than phonological impairment. A predictor that would detect, as early as 3 or
4 years old, VA difficulties prone to hinder the reading acquisition, would be useful. Indeed,
such predictor could provide enough time to clinicians or teachers for initiating a specific
intensive VA training program to develop the visual prerequisites for reading acquisition
before the first grade.

1.2. Rationale for the choice of symbol visual search as VA predictor of
reading

Several visual disabilities that have been evidenced in DD and could be evaluated in
Kindergarten exist: a bias toward local level processing rather than global processing of
hierarchical symbols (Bedoin, 2017, Franceschini et al., 2017), poor perceptual visuo-spatial
(Bellocchi et al., 2017, Pisella et al., 2021) and visuo-motor (Bellocchi et al., 2017, Iversen et
al., 2005, Nicolson and Fawcett, 1994; Velay et al., 2002; Vernet et al., 2022) skills, and slow
symbol search (Castles and Coltheart, 1993, Marendaz et al., 1996).

We considered that symbol visual search is a relevant candidate for such early detection since
it appeared to be an easy task, feasible as early as 3 years old. It also appeared potentially
sensitive because it involves all visual abilities, listed above, shown to be impaired in DD:
simultaneous processing (Lobier et al., 2014, Peyrin et al., 2011, Peyrin et al., 2012, Vialatte
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et al., 2023a) and visuo-spatial perceptual discrimination of symbol (Bellocchi et al., 2017,
Franceschini et al., 2012, Marendaz et al., 1996, Pisella et al., 2021, Vialatte et al., 2023a),
overt (Vernet et al., 2022) and covert (Facoetti et al., 2010, Franceschini et al., 2012)
attentional orienting, and processing at both local and global scales (Franceschini et al., 2017).

1.3. Rationale for the temporal gap measure

Symbol visual search also appeared specific. More precisely, Casco and Prunetti (1996) have
shown that poor readers were slow only in visual search conditions involving symbols, i.e.
multi-featured shapes made of the spatial integration of multiple strokes (separable features).
Poor readers were not slower than good readers in visual searches involving objects
distinguished from distractors by colour, orientation or shape, nor in more complex searches
involving a conjunction of these object features. A single tilted bar was also found as quickly
as controls among single vertical bars. However, search time was lengthened in poor readers
when this tilted bar was combined with other bars to form a single target symbol (K or similar
non-alphabetic symbol with a tilted bar) among a set of identical distractors (F or similar non-
alphabetic symbols without a tilted bar). Based on this result, we hypothesized that a large
temporal gap between the search behaviour for a target distinguished by a colour (preserved
in poor readers) compared to a target distinguished by a lacking element in a symbol (slow in
poor readers) may be specific of a poor reading performance. This temporal gap measure
would potentially disentangle VA components that have been related to simultaneous visual
processing deficit and SPL dysfunction, from fluctuations of more general attention or
executive deficits.

Moreover, a similar dissociation (slow visual search performance for symbols but not for
plain or coloured objects) has been observed in a patient with bilateral SPL lesion and
impaired simultaneous visual processing (Khan et al., 2016, Valdois et al., 2019a, Vialatte et
al., 2021a, Vialatte et al., 2021b, Wolpert, 1924). This common neural substrate for symbols
visual search (Khan et al., 2016, Vialatte et al., 2021a, Vialatte et al., 2021b) and non-
phonological underlying components of dyslexia (Kevan and Pammer, 2009, Liu et al., 2022,
Lobier et al., 2012, Lobier et al., 2014, Lobier and Valdois, 2015, Muneaux and Ducrot, 2014,
Peyrin et al., 2011, Pisella et al., 2021, Reilhac et al., 2013, Valdois et al., 2019a, Valdois et
al., 2021, Vidyasagar and Pammer, 2010) reinforced our expectation that symbols visual
search performance could be used as a valid and reliable screening measure of VA
dysfunction potentially hindering reading acquisition.

We therefore designed the visual search screening test contrasting colour versus symbols
search performance, and measured the temporal gap between these two conditions. The
participant was instructed to find and touch as fast as possible the (unique) black circle. In
half of the trials, the black circle target was presented among circles of various colours
(colour search task), and in the other half, it was presented among black circles combined
with a bar of various length and location (symbol search task). Colour and symbol search
trials were randomly intermingled.

1.4. Objective of the present investigation

The scientific validation of such predictor would require to measure pre-reading visual ability
in the first years of kindergarten and wait until the same children arrive in 4th grade to
evaluate their reading abilities. Indeed, such a longitudinal study would validate the visual
predictor for detecting durable difficulties in reading acquisition rather than a delay in the first
grade that may be transient; the literature shows that “learning to read” evolution reaches a
plateau at the 4th grade (Aghababian and Nazir, 2000, Chall, 1983, LaBerge and Samuels,
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1974). The present article does not report such predictive data yet. It reports the first step of
the Ludisymboles research project (Fig. 1) assessing feasibility and reliability of the visual
search screening test (Study 1) and its validity to predict the presence of VA reading
difficulties when performed at the same period of time (Study 2, Table 1).

2015 children
aged from 3 to 11 years old
performed the visual search
screening test

Study 1 769 children of 4th and Sth grades
also performed the Alouette

Normative values of
reading test

the Temporal Gap

Study 2

Simple correlations between the
Temporal Gap and reading
parameters

Study 1

69 children were involved in the
evaluation of the test-retest
reliability

Sensitivity and specificity
assessment for the Temporal Gap
to detect dyslexia
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Fig. 1. lllustration of the different studies of the Ludisymboles project conducted in French
public schools of the Gex region. Study 1 corresponds to the assessment of the feasibility, the
normative values and reliability of the visual search screening test Temporal Gap measure.
Study 2 corresponds to the assessment of the validity of the visual search screening test to
predict reading performance and detect dyslexia in 4th and 5th grades children.

Table 1. Number of participants recruited for both the visual search screening test and the
Alouette reading test, and grade at which they received these two tests.

Empty Cell N total N females N males
Visual search at 3rd grade and reading at 4th grade 250 126 124
Visual search at 4th grade and reading at 4th grade 239 119 120
Visual search at 4th grade and reading at 5th grade 63 28 35
Visual search at 5th grade and reading at 5th grade 217 113 104
Total number of participants 769 386 383

1.4.1. First study: normalization and reliability of the visual search screening test

With the idea of a future potential use of the visual search screening test as an early predictor,
we wanted to evaluate its feasibility from 3 years old, the evolution with age of the temporal
gap between colour and symbol visual search performance, and the test-retest reliability of
this index. The normalization of the developmental trajectory of the temporal gap involved a
sample of 2015 children aged from 3 to 11 years old and provided the limit allowing the
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screening test to determine those children performing fragile or outliers at any age. The test—
retest reliability over time of the standardised index (independent from age) was examined on
a sample of 69 individuals of various ages.

1.4.2. Second study: relationship between the visual search screening test and reading
performance

We aimed at establishing whether the temporal gap between colour and symbol visual search
performance was related to reading ability in the sub-sample of 769 children aged between 8
and 10 who also performed the Alouette reading test (Lefavrais, 1967). We also evaluated
how the visual search screening test was sensitive and specific to detect reading deficit
assessed by the Alouette reading test. We provided its validity to predict reading performance,
and the threshold at which sensitivity and specificity was satisfactory, when visual search and
reading were evaluated at the same period of time (4th and 5th grades).

2. Methods

2.1. Recruitment

All experimental procedures were approved by the French health research ethics committee
(CPP lle de France VI, 2017-A02525-48). Funding for data collection was partly provided by
Pulsalys grant R21036CC.

2.1.1. Study 1

A total sample of 2015 children aged between 3 and 11 years old (sex ratio = 1.01) was
recruited at the French public kindergarten and primary schools of the South Gex region to
collect age-normative values for the visual search screening test.

Among the total sample, a sub-sample of 69 children was recruited: 57 were below 8 years
old (group A) and 12 were from 8 to 10 years old (group B) at first test. They were
administered the same visual search screening test in the same conditions a second time
between one and two years later.

2.1.2. Study 2

Among the total sample, 769 scholars of the 3rd, 4th and 5th grades also received an
experimenter-blind assessment of their reading performance with the Alouette test (Lefavrais
1967) when they were in their 4th or 5th grade, i.e. in the same scholar year or the year after
(see Table 1).

2.2. Tasks, measures, and statistics

2.2.1. Study 1

2.2.1.1. Task and measure

The visual search screening test consisted of 64 visual search displays where the participant

was instructed to find and touch as fast as possible the (unique) black circle. The target (i.e.,
the black circle) was presented either among circles of various colours, or among black circles
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combined with a bar of various length and location. Circles diameter was 1.6° for 35 cm eye-
screen distance. The target could appear equally in the four quadrants and at 4 different
eccentricities (10, 15, 20 and 25° from the centre for 35 cm eye-screen distance). For each
trial, the software recorded the time at which the participant touched within a circular
diameter of 3.7° visual degrees defined around the centre of the target location. This touch
ended the trial. Then, an inter-trial display was presented, consisting of a centred black circle,
to catch participant’s attention and remind the target to be found, before visual search display
presentation.

2.2.1.2. Administration protocol

The instructions were provided with example of protocol images printed on sheets of paper.
The task was explained as follows: "You have to find this black circle (showing the circle
alone on a page), which will either be among other coloured circles or among other black
circles, each of which are associated with a bar.' The child was shown two trial examples as
paper images (one with coloured circles and one with symbols) and was asked to point toward
the black circle on the laminated sheets. Once the experimenter has been ensured that the
child understood this basic instruction by the child’s pointing responses, the child was
informed that he would perform in the same manner on the tablet until he finds all the 64
black circles hidden in the images, and that he has to be the fastest as possible (Fig. 2,
supplementary information). It was also mentioned that the black circle will be presented
alone in-between each search image, and that this one is just to look at, “to recall that you
should find this same black circle in all images”.
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Fig. 2. Examples of visual search displays. The unique visual target (the black circle) was
presented among circles of various colours (left panel) versus among circles combined with a
bar of various length and location (right panel).

Children were seated on height-adjustable stools to ensure a screen-to-eye distance of 35 cm,
which was verified with a tape measure. The start signal is given, and the 'Start' button is
pressed. The experimenter stays next to the child (on the right side) to ensure he remains
focused throughout the test. If necessary, the experimenter can refocus and encourage the
child. In case something happens in one trial leading to long pointing response time, those
trials are removed by off-line analyses

2.2.1.3. Analyses
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Off line analyses of each individual participant data consisted of extracting the median (Q50)
and interquartile range (IQR) of the search times separately for colour and for symbol trials.
Trials whose reaction times stood as outliers (farther to the mean reaction time than 2.5 times
its variance) were suppressed from further analyses. The individual temporal gap (G) was

then computed as followed:(1)
22

Both the temporal gap and the temporal gap variability varied with age (a). To get rid of these
effects of age and compute standard scores corrected for age, the individual temporal gaps of
the 2015 children were plotted by continuous ages ranging from 3 years old to 12 years old,
and fitted using the sum of an exponential and a linear function as followed:(2)

where po and ps drive the score of the temporal gap at the origin of the age axis, p1 and p2
drive the speed of decrease of the score when age increases. For the oldiest ages, pza+ps is the
value of the score when it reaches a rather flat plateau.

The residues (differences between the observed individual scores and the fit) were also
adjusted by an exponential function:(3)

The temporal gap score corrected for the participant age (Gs) could thus be computed as
followed:(4)

where R stands for residues. Bars upon variable letters stand for averages. The corrected
temporal gap was arbitrary positioned at the averaged value of the raw scores and its variation
matched the relative variation of each subject value to the average of the residues.

This procedure allowed to normalise the temporal gaps with respect to this developmental fit
and its variability. A temporal gap value (Gs) independent from the age of the participant was
then obtained. The test-retest reliability of this standardized temporal gap in a single
individual over time was evaluated on a sub-sample of 69 children who were tested twice.
The reliability was statistically addressed in two ways: first, a correlation between the
temporal gap measured at the first and the second session of test, and second, a Fischer exact
test of the evolution of the temporal gap clinical categorisation in percentile between the two
sessions, based on the fragility threshold (<75th centile).

2.2.2. Study 2
2.2.2.1. Reading task and measures

The reading task was the Alouette reading test (Lefavrais, 1967), a classical French test to
screen for DD. It evaluates lexical decoding under normal reading conditions by using a text
that is grammatically and syntactically correct, uses real words but is overall meaningless.
This makes the predictability of content words very low. As a result, the Alouette Test does
not provide contextual cues that the reader can use to compensate for decoding difficulties
(Torgesen & Rashotte, 2001). The child was warned that the text is meaningless. The
instruction was to read the text as best as possible for a period of time of 3 minutes. When the
child was able to finish the text before this time limit, the experimenter collected the exact
required duration. The experimenter also collected the number of reading errors and the
number of words read. From these measures, the reading inaccuracy (or error rate) was
computed as the number of errors divided by the total number of words read by the
participant, and the reading speed as the number of words read by the participant divided by
the reading time in seconds.

2.2.2.2. Statistical tests of the relationship between reading and visual search measures

We used the whole sample of 769 participants of 4th or 5th grade who performed both the
screening visual search test and the Alouette reading test to evaluate the simple correlation
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between the standardised temporal gap in visual search and the z-scores of reading
performance computed as the standard deviation to the mean measured on our sample for
each age category. This was first done separately for the z-scores of reading speed and of
reading inaccuracy, and then for the reading efficiency z-scores which were calculated for
each child as the mean of the speed and inaccuracy z-scores.

The standardised temporal gap and the reading measures were also extracted as percentiles for
Chi-squares analyses performed on the observed distribution of the number of children in
each cell of the table crossing two categorical variables: normal, fragile or pathological
reading abilities at the Alouette test and normal, fragile or pathological temporal gap at the
visual search screening test, corresponding to percentiles below the 75th, between the 75th
and the 95th, or above the 95th, respectively. These percentiles were extracted from the
standardised temporal gap of the visual search screening test on one side, and from the z-
scores of reading speed, inaccuracy, and efficiency on the other side with z > -.674,

—1.65 <z <-0.674 or z <-1.65 respectively. Significant Chi2 tests would demonstrate that the
two categorical variables (reading parameters and visual abilities) are not independent, and
thus that they are correlated.

We finally assessed the sensitivity and the specificity of the visual search screening test to
detect a deficit at the Alouette test (as defined by a score superior to the 95th centile) on
reading speed and reading error rate separately, as well as on reading efficiency parameter.
For these analyses we set the threshold of the visual search screening test at the 75th centile (a
score superior to the 75th centile was considered as potentially at risk).

3. Results

3.1. Study 1
3.1.1. Normalization of the visual search screening test

Fig. 3 shows the evolution of temporal gap values defined by Eq. (1) as a function of
participant age. Fig. 4 shows the result (Eq. (4)) of the fit that eliminated this age dependency
contained in (2), (3). In both figures, the magenta crosses denote the data included in the final
normalization, and the black crosses denote the data defined as outliers. An iterative
procedure was used to determine both the age-dependency fit and which data should be
classified as outliers:

e 1.

A first fit following the procedure described in the Methods section was made to
obtain age-independent standardized gaps,

o 2.
the mean and standard deviation of the standardized values were calculated,
o 3.

data whose values deviated by more than 2.5 standard deviations from the mean were
classified as outliers and removed from the data for the next fit,
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o 4

steps 1. to 3. were repeated until there were no more outliers in step 3.
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Fig. 3. Temporal gap raw scores as a function of age. Black crosses stand for outliers scores
excluded from the fit.
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Fig. 4. Standardized temporal gap as a function of age. Outliers are represented with black
crosses. Colors Dash lines represent different percentile levels.
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In this way, score normalization is achieved: the standardized gap is an age-independent
variable with an equally age-independent variance.

Rapid tests, not shown here, demonstrated that the distribution of the standardized gaps was
not gaussian like. The normalization is thus given as percentiles values. Fig. 5 shows these
percentile values in two manners: either with a single line reflecting the standardized temporal
gap or with several lines, corresponding to different age intervals, reflecting the temporal

gaps.
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Fig. 5. Percentiles and temporal gap correspondance. Left part shows the percentiles obtained
for the standardized temporal gaps and right part shows those obtained for the age dependent
temporal gaps for each age category. Red dotted lines represent the conventionnal 95th
percentile limit.

3.1.2. Test- retest reliability

The visual search screening test was re-administered to sub-sample of 69 individuals with a
delay between one and two years later (mean age difference= 1.75 year for the children of
group A and 1.3 year for the children of group B). The significant positive correlation (r = .64,
p <.001) between the temporal gap measured at the first and the second session is illustrated
on Fig. 6. The inter-individual variability being not negligible, it was interesting to further
explore possible changes of temporal gap clinical category between the two sessions of test.
We defined fragility based on the 75th percentile limit and counted the number of children
whose scores are on either side of this limit. Table 2 corresponds to the contingency table of
the exact Fisher test performed to evaluate the possible independence between the temporal
gap categories at the first and the second test sessions. The result reached the significance
(p=0.01). As can also be seen in the lower part of the Fig. 7, among the 11 children with
fragile scores (<75th centile) at the first testing session, 6 also scored fragile at the second
session. Conversely, only 4 subjects scored fragile at the second testing session but not at the
first testing session. These results globally confirmed the dependence between the state of
fragility measured at two different moments by the temporal gap and thus the satisfactory test-
retest reliability of the visual search screening test.
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Fig. 6. Correlation between standardized temporal gaps at two ages.

Table 2. Observed contingency table of the exact Fisher test performed to test the temporal
gap categorisation at the first and the second test sessions.

Temporal Gap category 2nd normal 2nd fragile
1st normal 48 4
1st fragile 11 6
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Fig. 7. Test-Retest reliability. Upper figure shows all the couples of points used to evaluate
the test-retest effect placing them in the whole normalisation data. Two populations have been
targeted: young children between 4 and 6 years old and older ones between 8 and 12.

3.2. Study 2
3.2.1. Correlation between visual search and reading parameters

Simple correlations were significant between the standardised temporal gap and the z-scores
of reading speed (r=-0.20, p = 3.46 x107®), reading inaccuracy (r=-0.21, p=4.46 x 107°),
and reading efficiency (r=-0.23, p=1.07 x 10~'%). Note that these significant correlations
were not driven only by the higher temporal gap values. Indeed, the correlations remained
significant when we selected only the values of the standardised temporal gap less than 20 s:
the dashed line was very similar to the full line of regression on Fig. 8 for reading speed (r=-
0.17, p=2.54 x10°°), reading inaccuracy (r=-0.18, p=_8.70 x1077), and reading efficiency
(r=-0.20, p=4.70 x10°®).
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Fig. 8. Correlations between the standardized temporal gap and reading variables. The two
lines represent the regression lines obtained in two conditions: all points (full line), only
gap<20 s (dashed line).

3.2.2. Comparison between centile categorisation of performance in the visual search
screening test and in the reading test

Another way to test the relationship between visual search and reading performance was to
statistically compare the hierarchical centile position of children along these variables. Table
3 shows the observed contingency tables which represent the distribution of the sample along
three categories. “Fragile” and “pathological” terms correspond to the thresholds defined in
the methods section (75th and 95th percentiles, respectively). x? tests demonstrated that the
visual search screening test performance and the reading performance were not independent,
for reading speed (y%(4) =21.73, p=0.01) and reading inaccuracy (}*(4) =35.8, p <0.0001)
separately, and for reading efficiency (y%(4) = 32.09, p <0.0002).
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Table 3. Observed contingency table of reading speed, inaccuracy and efficiency versus visual
search screening test.

Empty Cell Empty Cell Visual search screening test Empty Cell
Empty Cell Pathological Fragile Normal All
Pathological 5 10 8 23
Reading speed  Fragile 22 40 107 169
Normal 41 115 421 577
Empty Cell All 68 165 536 769
Empty Cell Visual search screening test
Empty Cell Pathological Fragile Normal All
Pathological 8 17 18 43
Reading inaccuracy Fragile 23 39 86 148
Normal 37 109 432 578
Empty Cell All 68 165 536 769
Empty Cell Visual search screening test
Empty Cell Pathological Fragile Normal All
Pathological 6 9 9 24
Reading efficiency Fragile 23 41 84 147
Normal 40 115 443 598
Empty Cell All 68 165 536 769

3.2.3. Specificity and sensitivity of the visual search screening test

We also assessed the specificity/sensitivity of the visual search screening test to detect reading
deficit. Poor visual search performance threshold was chosen at 75th centile and the threshold
score above which a child is considered to have significant reading deficit was defined at
percentile 95. In Table 3, true positive are in bold, true negative are underlined, false positive
are in italics and false negative are in light grey. With these thresholds, the sensitivity of the
visual screening test with the reading inaccuracy criterium was 58 % and its specificity was

71 %. With the reading speed criterium, the sensitivity of the visual search test was 65 % and
the specificity was 71 %. With the reading efficiency criterium, the sensitivity of the visual
search test was 63 % and the specificity was 71 %.

4. Discussion

Studies measuring pre-reading visual ability at 5 years old, and testing reading abilities in first
grade, have revealed that VA parameters are promising predictors of reading acquisition
difficulties (Franceschini et al., 2012, Valdois et al., 2019b, Vernet et al., 2022). This suggests
that learning to read implies not only good language skills, but also VA prerequisite. It
requires good perceptual discrimination and integration of the relative length, orientation and
location of the different visual components of letters, and later of the relative positions of
letters and words along strings, which are simultaneous but ordered visual presentations to
scan. However, about one third of 5 years old children display inefficient oculomotor and
visuo-perceptual abilities, without any clinical complaints, which is nevertheless reflected by
slower and more inaccurate reading performance one year later (Vernet et al., 2022). Even
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earlier tests of pre-reading visual abilities are thus needed to propose specific VA training
programs in kindergarten for children at risk before the first grade and prevent delay in
reading acquisition and its consequences on self-esteem and behaviour at school.

Previous results (Casco and Prunetti, 1996, Marendaz et al., 1996, Vialatte et al., 2023a)
suggested that a specific slowness of search for a target distinguished by a lacking element in
a symbol may be linked to poor reading performance. In the present paper, we report two
studies starting the validation of such specific screening test as predictor of reading
performance. It involved the visual search of a black disk among distracters that either
consisted of coloured disks or of graphic symbols made up by the spatial combination of a
black disk and a bar (Fig. 2).

In the first study, we confirmed its feasibility from 3 to 11 years old and provided the
developmental norms for our measure - the temporal gap between colour and symbol search-
which decreased with age. In a sub-sample of 69 children of various age, this measure
displayed a good statistical test-retest reliability at the group level. At the individual level,
with a threshold set at 75th centile, 48 of these children reliably scored non-fragile at both
testing sessions and 6 children remained fragile when tested twice. For the 15 remaining
children, the fragile or non-fragile classification differed between the first and second testing
sessions, which can be considered as a limitation of this first study. However, note that for
most of them (n=11) the change was observed in the direction of a first measure classified as
fragile and a second measure classified as normalised. We think that such false positive rate is
suitable for a test aiming for a large screening with the highest and earliest sensitivity to orient
attention toward a group of children that would benefit from a higher degree of visuo-spatial
and visuo-attentional training games prior to literacy instruction.

In the second study, we evaluated the validity of a large temporal gap in the visual screening
test to predict poor reading performance among a large population of 4th and 5th grades
children. We established that the temporal gap between colour and symbol visual search
significantly correlated with text reading efficiency with coefficient of 0.23 (r=0.20 and
r=0.21 for reading speed and accuracy, respectively). The relationship between visual search
and reading performance was confirmed by an additional analysis comparing the distribution
of our sample along three clinical visual and reading categories (normal, fragile and
pathological). Finally, the visual search screening test obtained 71 % specificity and 63 %
sensitivity for predicting difficulties at the Alouette reading test, with visual performance
threshold chosen at percentile 75th and reading efficiency threshold defined at percentile 95th.
Although some caution is required due to a non-negligible number of false positives, this
good specificity tended to confirm our hypothesis that those scoring at the lowest quartile at
the visual test would suffer significant VA reading difficulties. Since the Alouette reading test
does not allow to distinguish between sub-types of DD, we did not expect a high sensitivity
value. Indeed, children with a good performance in the visual search screening test could still
present DD due to pathological phonological awareness for example, and thus constitute false
negatives. False positives and false negatives would be problematic for a diagnostic test of
DD, whose validation would also require both to combine the temporal gap measure with
other cognitive and phonological metrics and to measure reading performance not only with
text, but also with word, pseudoword or non-word lists. However, we think that the observed
sensitivity and specificity is adapted for a screening test, aiming at allowing 1) children
already diagnosed with DD to benefit from VA remediation in the context of their follow-up
(if used by clinicians) or 2) children at risk to benefit from more intensive training of the
visual prerequisites for reading acquisition from teachers (if used in the scholar context).
Several other limitations could be raised. First, when requesting consent, we did not ask
parents for visual data (such as the prescription of their child's glasses) or whether their child
has previously undergone a hearing test. Second, while we were in an area known for its high
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level of bilingualism, we only excluded all newly arrived children (those who have been in
France for less than two years). Third, we did not administer phonological tests, which would
have allowed us to gain a deeper understanding of our sample, particularly in terms of false
negatives (children who have no difficulty on the VA measure but have reading difficulties).
Last, even though the temporal gap correlated with reading efficiency, as well as with both
reading speed and accuracy separately, the observed correlation coefficients can be
considered low. As reading is multifactorial, it is logical that a single predictor displays a low
correlation coefficient. Nevertheless, in the study of Valdois et al. (2021), phonological and
VA predictors displayed stronger zero-order correlation coefficients with reading efficiency
of a shorter (100-words) and meaningful text in 6th grade children: r was 0.31 for phoneme
deletion, 0.33 for spoonerisms, 0.52 for rapid digits naming, 0.37 and 0.25 for the VA span
assessed via global and partial report, respectively. As it assessed several — VA and
phonological — predictors, this study also had the methodological advantage of allowing for
direct comparison between them and for multiple regression analyses, but with a unique
reading measure. Some studies rather analysed the correlation with reading accuracy and
speed separately; as an example, in the Zoubrinetzky et al. (2016) study, which involved
children of similar age as ours, reading speed correlated significantly with the VA span score
(r=-0.31) but not with phonological awareness (r = 0.02), while reading accuracy correlated
significantly with phonological awareness (r=0.27) but not with the VA span score (r=0.22).
In conclusion, the present investigation provided age-normative values of the visual search
screening test with a developmental trajectory starting at 3 years old, as well as its test-retest
reliability (study 1) and established its relationship with reading performance in children of
4th and 5th grades (study 2). At this age, the diagnosis of DD is already possible. However,
for more efficient remediation, it is relevant to best define the cognitive profile of a patient.
To this aim, the visual search screening test makes a useful clinical tool to detect whether a
child with DD presents fragile VA abilities prone to contribute to his/her reading difficulties.
This would allow a child diagnosed with DD to benefit from specific VA remediation (e.g.
Bertoni et al., 2024; Vialatte et al., 2023b; Franceschini et al., 2022, Franceschini et al., 2017;
Antzaka et al., 2017). For example, a training program involving visual search of letter among
various symbols has been shown to enhance reading accuracy in 8-to-12-year old children
with DD (Vialatte et al., 2023b). Interestingly, such VA training program would be feasible as
early as kindergarten, as visual search does not require the knowledge of letters but solely
their visual discrimination among distractors (Treisman & Gelade, 1980).
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