£} Routledge
COG N lTlVE -1 Taylor &Francis Group

NEUROPSYCHOLOGY

Cognitive Neuropsychology

ISSN: 0264-3294 (Print) 1464-0627 (Online) Journal homepage: www.tandfonline.com/journals/pcgn20

Mariette: A screening test for reading errors in
primary school

Marie Lubineau, Stanislas Dehaene, Hervé Glasel & Cassandra Potier
Watkins

To cite this article: Marie Lubineau, Stanislas Dehaene, Hervé Glasel & Cassandra Potier
Watkins (02 Sep 2025): Mariette: A screening test for reading errors in primary school,
Cognitive Neuropsychology, DOI: 10.1080/02643294.2025.2544620

To link to this article: https://doi.org/10.1080/02643294.2025.2544620

@ Published online: 02 Sep 2025.

N
C)/ Submit your article to this journal

||I| Article views: 17

A
& View related articles &'

oy

(&) View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallinformation?journalCode=pcgn20


https://www.tandfonline.com/journals/pcgn20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02643294.2025.2544620
https://doi.org/10.1080/02643294.2025.2544620
https://www.tandfonline.com/action/authorSubmission?journalCode=pcgn20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=pcgn20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/02643294.2025.2544620?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/02643294.2025.2544620?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/02643294.2025.2544620&domain=pdf&date_stamp=02%20Sep%202025
http://crossmark.crossref.org/dialog/?doi=10.1080/02643294.2025.2544620&domain=pdf&date_stamp=02%20Sep%202025
https://www.tandfonline.com/action/journalInformation?journalCode=pcgn20

COGNITIVE NEUROPSYCHOLOGY
https://doi.org/10.1080/02643294.2025.2544620

Routledge

Taylor & Francis Group

39031LN0Y

M) Check for updates

Mariette: A screening test for reading errors in primary school

Marie Lubineau

2P stanislas Dehaene®<, Hervé Glasel® and Cassandra Potier Watkins

a,C

3Unité de Neuroimagerie cognitive, CEA, INSERM, Université Paris-Saclay, NeuroSpin center, Saclay, France; °Centre de référence pour
I'évaluation neuropsychologique de I'enfant (CERENE), Paris, France; “Collége de France, Paris, France

ABSTRACT

Dyslexia is a multifaceted condition with diverse manifestations, yet assessment tools too often
target limited subtypes, creating diagnostic gaps. This study examines the progression of
dyslexia-related reading errors across primary school in typically developing readers, using the
Mariette, a French nonsense-text reading screener. Analysis of 812 French children (grades 1-5)
revealed systematic decreases in error rates with age, following distinct developmental
trajectories. Regularizations of irregular words, misapplication of contextual rules and
misreading of digraphs predominated in early grades, while voicing errors nearly disappeared
by Grade 2. Clinical testing of the Mariette with 18 struggling readers identified specific reading
errors overlooked by standard dyslexia assessments. These findings demonstrate the value of
precise error analysis for understanding developmental reading patterns and tailoring targeted
educational interventions. By comparing typical and clinical populations, this research advances
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our understanding of dyslexia’s
comprehensive diagnostic approaches.

Introduction

Developmental dyslexia, a common learning disability,
affects between 3% and 12% of the population, depend-
ing on language and diagnostic criteria (Di Folco et al.,
2022; Diagnostic and Statistical Manual of Mental Dis-
orders | Psychiatry Online, s. d.; Lindgren et al., 1985).
Given reading’s pivotal role in academic success, early
detection and intervention are important (McGee et al.,
2002). However, diagnosing dyslexia as a deviation
from typical reading development is challenging due
to three key factors. First, diverse cognitive and neural
processes are involved in reading acquisition (Monzalvo
& Dehaene-Lambertz, 2013). Second, children develop
reading skills at different rates, making it difficult to
determine when errors fall outside the expected devel-
opmental trajectories. Third, growing evidence suggests
that dyslexia can manifest through multiple distinct
reading deficits, each tied to different cognitive pro-
cesses, resulting in varying degrees of reading
difficulty and patterns of errors depending on context
(Castles & Coltheart, 1993; Coltheart & Kohnen, 2012;
Ellis, 1979; Friedmann & Coltheart, 2018; Friedmann &
Haddad-Hanna, 2014; Temple, 2006). Despite growing
recognition of dyslexia’s multi-deficit nature, compre-
hensive screening tools that account for the develop-
mental variability while providing detailed insights into
dyslexia subtypes remain rare in clinical practice.

cognitive mechanisms

while advocating for more

Developing such tools is essential for enabling early
and accurate diagnoses, leading to more effective
interventions.

Understanding the complexity of reading development
and the potential for selective deficits can be aided by the
Dual Route Model of reading (Coltheart et al, 2001).
Research into the various types of errors made by individ-
uals with dyslexia has been crucial in refining this model
and explaining how specific deficits in reading processes
can lead to distinct forms of dyslexia. (Castles, 2006; Fried-
mann & Coltheart, 2018; Potier Watkins et al., 2023). Below,
we provide a brief overview of the cognitive processes
described by the Dual Route Model, and different sub-
types of dyslexia that may arise from selective deficits.
For a more detailed discussion, see Friedmann and
Coltheart (2018) or Potier Watkins et al. (2023).

According to the Dual Route Model by Friedmann
and Coltheart depicted in Figure 1, reading begins
with visual analysis, which encompasses several critical
processes: identifying abstract letter identities; encoding
the position of letters within words; and anchoring
letters to their respective words (Friedmann & Coltheart,
2018). Visual processing deficits in dyslexia can manifest
in multiple ways, affecting different aspects of this initial
analysis stage.

Letter identity dyslexia represents a form of visual
processing deficit characterized by difficulty in correctly
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Figure 1. The Dual Route Model for word reading (taken from
Friedmann & Coltheart, 2018).

recognizing the abstract of identities of letters from
letter shapes (e.g., identifying that B and b correspond
to the same letter). Individuals with this rare condition
struggle to name, identify, or match upper- and lower-
case letters (Brunsdon et al., 2006). Because letter iden-
tity dyslexia leads to severe reading impairments invol-
ving letter confusion, it is typically diagnosed by the
presence of numerous letter substitutions, omissions,
and additions. Such cases must be followed up with
specific assessments to confirm whether letter identifi-
cation abilities are intact. Letter-position dyslexia
emerges from a disruption in encoding the relative pos-
itions of letters, which causes transpositions of letters,
such as reading destiny as density - a phenomenon
well-documented across multiple languages (Friedmann
& Gvion, 2001; Friedmann & Haddad-Hanna, 2012; Fried-
mann & Rahamim, 2007; Glven & Friedmann, 2019;
Kohnen et al., 2012; Potier Watkins et al., 2023). People
with this subtype of dyslexia have also been reported
to repeat or omit a letter repeated in a word (Friedmann
& Rahamim, 2007; Potier Watkins et al., 2023). The
hypothesis is that when letter-position encoding is
impaired, distinguishing the position of each letter
becomes difficult, leading to a letter showing up in
two different positions or omitted in one position. Atten-
tional dyslexia describes a deficit in binding letters to the
correct word: letters migrate from one word to another,
leading to errors such as reading win fed as fin fed (Fried-
mann et al, 2010; Potier Watkins et al., 2023; Rayner
et al.,, 1989). In the vast majority of errors, letters that
migrate maintain their relative position in the new
word, highlighting that letter position coding within a
word is intact in attentional dyslexia, and that this type
of dyslexia therefore differs sharply from the previous

one (Friedmann et al., 2010). Importantly, attentional
migrations tend to occur equally between the first and
second word in word-pair reading (Potier Watkins
et al., 2023; Shallice & Warrington, 1977), demonstrating
that the migration is not due to phonological persevera-
tion, but rather to impaired orthographic processing.

Orthographic-visual analyzer dyslexia (also referred to
as visual dyslexia) is characterized by reading errors that
involve substitutions, omissions, or additions of letters
that share visual similarity with the target word. For
example, “unicorn” may be misread as “united” or
“acorn” (Friedmann et al., 2012). These errors cannot
only be explained by difficulties with letter transposi-
tions, migrations between words, or basic letter identifi-
cation deficits, as single-letter recognition remains
intact. The hypothesis is that this dyslexia reflects a dis-
ruption of the whole visual-orthographic analysis stage.
Because this stage is disrupted, readers produce a wide
and variable range of errors (migrations, substitutions,
additions, omissions) that superficially resemble those
seen in letter-identity, letter-position, or attentional dys-
lexia, yet do not conform to the specific patterns that
define those disorders. In other words, orthographic-
visual analyzer dyslexia is distinguished by the presence
of diverse, non-systematic visual errors despite intact
basic letter recognition (Friedmann et al., 2012; Fried-
mann & Coltheart, 2018). This is important to distinguish
from letter identity dyslexia, as both disorders can cause
similar reading errors. However, in the case of letter
identity dyslexia, the ability to recognize single letters
is impaired. Furthermore, when errors of addition, omis-
sion or substitution occur solely on one side of the word
- either at the beginning or the end - these errors point
to the presence of neglexia (shorthand for neglect dys-
lexia) (Ellis et al., 1987; Friedmann & Nachman-Katz,
2004; Nachman-Katz & Friedmann, 2010). Ortho-
graphic-visual analyzer dyslexia should also be distin-
guished from a deficit in the orthographic input buffer.
The orthographic input buffer functions as a short-
term storage system that temporarily maintains ortho-
graphic information until it can be fully processed by
downstream components. Although deficits in this
buffer can produce error types similar to those seen in
orthographic-visual analyzer dyslexia, a key distinguish-
ing feature is their sensitivity to word length: errors
tend to occur more frequently as word length increases.
When such length-dependent error patterns are absent,
the disruption is more likely to stem from the ortho-
graphic-visual analysis stage rather than from the
buffer itself (Friedmann & Coltheart, 2018).

From this visual stage, words are pieced in an ortho-
graphic input buffer, from which reading then flows to
two separate but parallel routes in the Dual Route



Model. Most reading, in the expert reader, is done
through a rapid lexical route that quickly identifies
words stored in the mental lexicon and accesses their
meaning (Coltheart, 2005). On the other hand, when a
word is unfamiliar, reading occurs via the sub-lexical
route. In these cases, reading is slower and requires
careful phonetic decoding to “hear” the word, thus
accessing the semantic lexicon and meaning through
the phonological buffer and output lexicon. Sub-lexical
reading describes the method by which children first
learn to read, and it is also how expert readers approach
unfamiliar words (Awaida & Beech, 1995). The lexical
route starts with the orthographic input lexicon, which
holds entries for words whose written form is known
to the reader. In this lexicon, words are organized by fre-
quency. The information then flows to the phonological
output lexicon, where the reader accesses the phonolo-
gical form of the word. The last stage of the lexical route,
which is shared with the sublexical route, is the phono-
logical output buffer, where stems and affixes are
recombined. From the orthographic input lexicon, the
lexical route is also connected to the semantic lexicon
and the conceptual system, which allows for compre-
hension (Friedmann & Coltheart, 2018). Deficits in
either of these processing routes can result in specific
subtypes of dyslexia.

In cases where the lexical route is impaired, readers
overly depend on the sub-lexical route for reading
even familiar words, leading to surface dyslexia.
Surface dyslexia arises from impairments in the com-
ponents or connections of the lexical route (Castles,
1996; Coltheart et al., 1983; Friedmann & Lukov, 2008,
2011; Zoccolotti et al,, 1999). Readers with surface dys-
lexia struggle to read words whose pronunciation
cannot be easily predicted by grapheme-phoneme con-
version rules, such as irregular words and words with
multiple phonological options. They often regularize
irregular words (e.g., pronouncing the /t/ in listen), par-
ticularly when reading sub-lexically creates another
real word (e.g., reading bear as beer). Reading pseudo-
words and regular words is unaffected in pure surface
dyslexia (Gliven & Friedmann, 2022).

A deficit in the sub-lexical route can lead to gra-
pheme-phoneme conversion dyslexia (sometimes
called phonological dyslexia in the literature). Gra-
pheme-phoneme conversion dyslexia involves difficul-
ties in converting graphemes into phonemes (Beauvois
& Derouesne, 1979; Campbell & Butterworth, 1985;
Castles & Coltheart, 1993). Readers with this dyslexia
subtype struggle to decode pseudowords or unfamiliar
words, relying heavily on their mental lexicon rather
than phonetic decoding (Castles & Coltheart, 1993).
Vowel dyslexia, a more specific subtype deficit in sub-
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lexical reading, is characterized by errors involving the
omission, migration, substitution, or addition of vowel
letters, while consonants are typically read correctly
(Traficante et al., 2021). Vowel dyslexia primarily affects
pseudoword reading but can also impact real words
when co-occurring with surface dyslexia, as readers
must rely on the sub-lexical route (Gliven & Friedmann,
2021; Khentov-Kraus & Friedmann, 2018).

Damage to both the lexical and sublexical reading
routes can lead to deep dyslexia, forcing readers to
access written words predominantly through semantic
mediation rather than through reliable orthographic-
phonological mappings (Ellis & Young, 1996; Friedmann
& Coltheart, 2018; Friedmann & Haddad-Hanna, 2014).
Under these circumstances, the activation reaching the
semantic system from print is underspecified, increasing
competition among semantically related candidates and
giving rise to errors such as reading sand as “beach”. This
does not imply that the semantic system itself is
damaged - as evidenced by the absence of comparable
semantic errors in spontaneous speech or picture
naming - but rather that the input arriving from
degraded lexical and sublexical pathways is insufficiently
constrained. Consequently, imageability becomes criti-
cal: concrete, highly imageable words are read more
accurately than abstract or function words, and morpho-
logically complex words often lose or substitute affixes.
Pseudowords, which cannot be resolved through
meaning, are typically rejected or lexicalized (e.g.
reading diger as “tiger”). In this view, the hallmark
semantic errors of deep dyslexia reflect the challenges
of accessing meaning indirectly and imprecisely when
both primary reading routes are compromised, rather
than a breakdown of the semantic system itself.

At the convergence of the lexical and sublexical
reading pathways, the phonological output buffer func-
tions as a short-term memory store responsible for
holding and assembling phonological word units. This
buffer is essential for both lexical and sublexical
reading processes (Dotan & Friedmann, 2015; Guggen-
heim & Friedmann, 2014). Individuals with phonological
output buffer dyslexia exhibit a deficit in this system,
resulting in difficulties when reading aloud longer
words, morphologically complex forms, or pseudowords
(e.g., dancing, binking). Within the phonological buffer,
certain items - such as function words, numbers, and
some morphemes - appear to be represented as
whole units. This may explain their frequent substitution
with other items from the same grammatical or categori-
cal class (Cohen Patrick Verstichel Stanislas Dehaene,
1997; Dotan & Friedmann, 2015). Notably, these impair-
ments are typically limited to tasks that require spoken
output, such as reading aloud or other purely expressive
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language tasks. Such tasks are therefore essential for
assessing this form of dyslexia, especially when the
goal is to distinguish function word or morphological
errors from deficits in semantic processing — such as
those seen in deep dyslexia, including function word
substitutions or derivational errors (e.g., reading beauty
as beautiful).

Popular methods for dyslexia screening

Research on multiple dyslexias (note the plural in “dys-
lexias”) has shown that different forms of dyslexia can
occur independently or coexist within the same individ-
ual (Brunsdon et al., 2002; Friedmann & Coltheart, 2018;
Sprenger-Charolles et al., 2000; Zoubrinetzky et al.,
2014). Despite this evidence, many commonly used
screening tools in both research and clinical settings
tend to filter for a narrow definition of dyslexia. As a
result, these tools may fail to detect certain dyslexia sub-
types, increasing the risk of false negatives (Scarbor-
ough, 1998; Torgesen, 2002). For instance, the
phonological deficit theory emphasizes that dyslexia
stems from difficulties in phonological development -
specifically, the ability to identify, store, retrieve, or
manipulate syllables and phonemes (Goswami, 2011;
Ramus et al, 2003; Snowling & Melby-Lervag, 2016;
Tallal, 1980; Ziegler et al., 2008). Screeners based on
this theory typically rely on oral-based tasks like rapid
automatized naming (RAN), phoneme manipulation,
and nonword repetition. However, these assessments
may overlook individuals with dyslexia who demon-
strate intact phonological processing (Friedmann et al,,
2010, 2012; GlUven & Friedmann, 2019; Kezilas et al.,
2014; Kohnen et al., 2012; Potier Watkins et al., 2023;
Traficante et al., 2021).

A narrow focus in screening also risks lumping dis-
tinct dyslexia subtypes together, which can lead to inap-
propriate interventions. For instance, screeners focused
on deficient visuospatial attention assess these deficits
using tasks that involve rapid serial presentation,
where letters or symbols are flashed quickly, and partici-
pants must recall as many items as possible (Bosse et al.,
2007; Valdois et al., 2004; Vidyasagar & Pammer, 2010).
These tasks claim to detect visual-attention-related
difficulties that affect letter identification, letter position
coding, and the ability to process letter strings in paral-
lel. However, this approach overlooks the evidence that
errors in letter identification and letter migrations within
or between words can occur independently (Potier
Watkins et al., 2023). This is problematic because inter-
ventions for different dyslexia subtypes, such as using
a finger to follow along for letter position dyslexia or
employing a window cut-out to separate words for

attentional dyslexia, are specific to each subtype (Fried-
mann & Rahamim, 2014). Failing to differentiate
between subtypes may lead to inappropriate or ineffec-
tive interventions.

Encouragingly, an increasing number of screeners
used in clinical settings now recognize the multiple dys-
lexias hypothesis and have expanded to assess both
lexical and sub-lexical reading processes, as described
by the Dual Route Model. These screeners typically
involve reading separate word lists to target these two
pathways: surface dyslexia (a deficit in the lexical
route) is assessed through irregular word reading,
while grapheme-phoneme conversion dyslexia (a
deficit in the sub-lexical route) is evaluated using pseu-
doword reading tasks. Examples of widely used screen-
ers include BALE (Jacquier-Roux et al., 2010), BELEC
(Mousty et al., 1994), Exalang (Thibault et al., 2003) and
Evaleo (Launay et al, 2018) in French, and DST-J
(Fawcett & Nicolson, 2004) and KTEA-3 (Kaufman &
Kaufman, 2014) in English. These screeners rely on accu-
racy and reading speed for the different lists, limiting
their ability to provide detailed insights into specific dys-
lexia subtypes. For instance, a deficit in pseudoword
reading, often attributed to grapheme-phoneme con-
version dyslexia, could actually be due to earlier visual
processing difficulties. In such cases, interventions
focused solely on grapheme-phoneme training may be
ineffective, while strategies such as increased letter
spacing or using a word window to isolate words
during reading would be more beneficial (Alexander
et al.,, 1991; Friedmann & Rahamim, 2014). Additionally,
these screeners risk producing false negatives by
failing to include stimuli that target the specific patterns
of errors characteristic of each dyslexia subtype. While
the expansion of assessment methods marks progress,
the focus on accuracy and speed can still lead to
missed diagnoses or the incorrect grouping of
different dyslexia subtypes under a single category. To
effectively test for multiple dyslexias, it is necessary to
provide a broader range of stimuli that address various
impairments, including those related to peripheral
visual processing. Moreover, scoring should account
for the exact types of errors made by readers and not
only the percentage of errors on specific items, to
better identify the underlying causes of their difficulties.

Designing screeners for clinicians to assess for
multiple subtypes of dyslexia

There are, however, a small number of batteries based
on the study of the exact errors made by readers,
which allow for the fine-grained identification of
different subtypes of dyslexia: the Tiltan battery in



Hebrew (Friedmann & Gvion, 2003) used in research, or
the Motif battery in English (McArthur et al, 2023)
which can also be used by teachers and clinicians. In
French, Potier Watkins and Dehaene developed the
Malabi dyslexias screener. Using the Malabi, they ident-
ified and reported the first French cases of selective
attentional dyslexia and letter-position dyslexia (Potier
Watkins et al., 2023). The design of the Malabi was
inspired by the Dual Route Model of reading, the evi-
dence for selective deficits in the literature, and the
Tiltan reading battery in Hebrew (Friedmann & Gvion,
2003). The test includes three reading lists: single word
reading, pseudoword reading, and word pair reading.
Each word in the Malabi was carefully selected to ident-
ify specific subtypes of dyslexia, and the readers’ errors
were systematically recorded. The test required partici-
pants to read a total of 289 words. To identify a selective
dyslexia, the authors counted errors that were made in a
significantly greater number from normal reading for a
particular subtype using a Crawford and Garthwaite’s
t-test for the comparison of an individual to a control
group (Crawford & Garthwaite, 2007).

However, certain limitations prevent the Malabi from
being used in a clinical setting. Its length could pose a
significant challenge for dyslexic readers, particularly
younger children, whose errors on the long list might
stem from fatigue rather than dyslexia. Additionally,
while the Malabi included items designed to elicit
specific types of errors, it did not control for the fre-
quency of grapheme-phoneme correspondences
(GPCs). This lack of control meant that many items fea-
tured more complex GPCs, which, for younger readers,
could be more reflective of inexperience rather than dys-
lexia. It should be noted that this research highlighting
selective cases of dyslexia in the Malabi was recorded
in middle-school students (age 11 to 13 years old)
(Potier Watkins et al., 2023).

Additionally, most real-world reading, whether in
school or daily life, involves continuous text rather
than isolated word lists. In continuous text reading,
eye movements play a critical role in fluency (Hindmarsh
et al.,, 2021; Rayner & McConkie, 1976). Dyslexic readers
often exhibit longer fixation times, more frequent
fixations, shorter saccades, and skipped words, indicat-
ing a different approach to text processing compared
to typical readers (Benfatto et al,, 2016).

To address these limitations, we developed the Mari-
ette screener — evaluated in this paper - designed to
comprehensively track both reading progress and
specific deficits throughout elementary school edu-
cation. The Mariette was written in a nonsense text
format, preventing reliance on context for word recog-
nition. This means the text follows correct syntactic
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structures but uses out-of-context words, pseudowords,
or rare words (e.g., an example sentence, translated to
English: Near the truche, a child breaks pebbles into ten
reliable squares). Nonsense texts require the child to
read from left to right and using similar eye movements
as in text reading while ensuring that words cannot be
guessed based on context (Friedmann & Rahamim,
2007; Lefavrais, 2005).

The Mariette was designed with a total of 294 items,
16 of which were pseudowords, and included a 5-minute
stop-time which serves as a cutoff for cases of severe
dyslexia or with young children who are still learning
to read. This length was chosen to closely match the
Malabi screener for older readers while also aligning
with the popular French nonsense dyslexia screener,
the Alouette, which contains 275 words and uses a
time-stop approach to screen for dyslexia (Lefavrais,
2005). The Mariette’s design allows it to be used consist-
ently across various stages of reading development, pro-
viding standards for younger students who read fewer
words while still using the same test. As students pro-
gress through the Mariette, the complexity of gra-
pheme-phoneme correspondences (GPCs) increases,
and less common irregular words are introduced.
According to France’s National Evaluation guidelines,
by the end of 1st grade (start of 2nd grade), students
are expected to be familiar with basic GPCs and
common irregular words, with most first graders able
to read at least 75 words in three minutes in a nonsense
text (Lefavrais, 2005). To ensure the content is appropri-
ate for each grade level while still detecting selective
dyslexic errors, the first paragraph of the Mariette com-
prises 75 words featuring GPCs and irregular words suit-
able for grade 1 reading materials (Lété et al., 2004). As
students advance to higher grades, their reading
speed increases, allowing them to read more words
within the same time limit. Therefore, subsequent para-
graphs introduce more complex GPCs and rarer irregular
words, gradually increasing the difficulty while incorpor-
ating a larger number of dyslexia-sensitive items. This
design captures various forms of dyslexia while provid-
ing age-appropriate content that aligns with students’
reading development.

To design the Mariette, we focused on some of the
subtypes of dyslexia described in the previous para-
graphs, for which there is sufficient literature to justify
the choice of stimuli. We selected words and pseudo-
words that, when misread due to a specific subtype of
dyslexia, transform into another valid word that, further-
more, still fits syntactically within the sentence. For
example, in the case of letter-position dyslexia, the
verb rogné in the Mariette (“trimmed” in English) may
be misread as rongé (“gnawed”) if the letters “g” and
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“n” are transposed. This approach increases the screen-
er's sensitivity to detect specific dyslexia subtypes, as
readers are less likely to self-correct if they read a
known word. Table 1 provides an overview of the
different types of errors, associated with different sub-
types of dyslexia, that can be identified using the Mari-
ette and examples of stimuli specifically selected to
target each type of error.

Using the Mariette, we conducted two studies pre-
sented in this paper. The first study explores the
normal developmental trajectory of reading errors,
drawing from the literature on developmental dyslexia.
The second study evaluates the Mariette's effectiveness
as a diagnostic tool in clinical settings.

Study 1: evolution of different type of errors
in normal readers over the course of
schooling

Methods

Participants

To characterize normal reading development using the
Mariette and establish norms, 812 children from 1st to
5" grade (age: 5 years 11 months to 11 years 11
months) were recruited from 7 schools of diverse back-
grounds, for a representative sample: 38% of the chil-
dren tested lived in rural areas and 27% of the children
came from low socio-economic status schools, called pri-
ority education schools in France. These percentages
were slightly higher than at the national level, where
20% of children live in rural areas (Direction de I'Evalua-
tion, de la Prospective et de la Performance, 2021) and
20% of children are in priority education schools (Stefa-
nou, 2022). Only typically developing children, based on
teachers’ reports, were included. 1.8% of children were
excluded because their age was greater than or less
than two standard deviations from the mean, resulting
in a subsample of 797 children from 1st to 5" grade
(age: 5 years 11 months to 10 years 2 months).

Materials

The Mariette. The Mariette screener consists of a stan-
dardized nonsense text comprising 294 items, presented
on A4 paper in Calibri 14-point font with 1.5 line spacing.
Students are allotted five minutes to read as much of the
text as possible. As outlined in our introduction, the
screener is structured into four paragraphs of progress-
ively increasing difficulty, specifically calibrated to chal-
lenge grapheme-phoneme correspondences (GPCs)
and irregular word recognition. Each paragraph contains
carefully selected items designed to identify the specific
dyslexia subtypes detailed in Table 1. To ensure

controlled assessment conditions, we maintained con-
sistency across paragraphs in factors that should
remain stable across grade levels: all pseudowords
were constructed to be phonologically decodable; irre-
gular words were characterized as words for which the
application of French grapho-phonemic conversion
rules results in a pronunciation different from the
actual pronunciation (for example, reading the irregular
word “temps” (/td/) as /tdp/); and paragraphs were
matched for word length (Kruskal-Wallis test, p = 0.45)
and word frequency (Kruskal-Wallis test, p =0.62), with
the deliberate exception of irregular words. We deliber-
ately included frequent irregular words in the first para-
graphs — those read even by the youngest children - to
ensure that any regularization of irregular words could
not be explained solely by limited vocabulary. This
design allows for targeted assessment of reading devel-
opment while isolating potential deficits associated with
specific dyslexia subtypes.

The Alouette. To assess the reliability of this test, 10% of
randomly sampled students (90 students, 15 1st graders,
19 2" graders, 15 3 graders, 24 4" graders and 17 5%
graders) also took the Alouette test (Lefavrais, 2005). The
Alouette text was presented in the same format as the
Mariette, typed in Calibri 14-point font with 1.5 line
spacing. The images in the original text were not repro-
duced. The Mariette screener was modelled after the
Alouette test, a popular dyslexia assessment tool in
France. We selected this established instrument for its
comparable design featuring meaningless text of
similar word count (265/294), which effectively evaluates
decoding skills without contextual support. Building on
this proven approach, the Mariette extends diagnostic
capabilities to identify specific dyslexia subtypes. Stu-
dents had 3 min to read as many words as possible in
the Alouette test. To compare the Mariette and Alouette
tests across all grades, we computed reading speed as
the number of words correctly read per minute and
accuracy, as the percentage of correctly read words.

Procedure

Parents were informed of the purpose of our study and
of the possibility for them to object to their child’s par-
ticipation via a form given to the child by the teacher.
Participants were tested in a quiet room by our research
team at school during school time. The child was told:
I'm going to show you a story that might seem a bit
strange, so it's completely normal if parts of it don't
make sense. There will also be some made-up words, so
don’t worry if you're unfamiliar with them. I'd like you to
read the story aloud, doing your best, and see how far
you can get in 5 min. I'll start the timer. Ready? Let’s



Table 1. The different types of error recorded in the Mariette.
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Error type Description

Stimuli sensitive to that type of error

Example — possible

error

Addition, omission or substitution of letters present
in neighbouring words. Letters that migrate keep
their relative position within the word.

These migrations can take place vertically or
horizontally. The words surrounding the target
word are considered to be neighbours.

Attentional

Letter transposition within words and pseudowords.
Omission or substitution of an instance of a
repeated letter, or repeating of a letter

Letter position

Other visual errors Omissions, substitutions and additions of letters
resulting neither from a letter position error nor

from an attentional error.

Voicing Pronunciation of a voiceless consonant as its voiced
counterpart (e.g., /t/ as /d/, /f/ as /v/, /k/ as /g/), and
vice versa.

Vowel Subexical deficit only affecting vowel reading. Errors

are substitutions, additions, omissions and
transpositions of vowels only.

Regularization of letter sound in irregular words
resulting from a failure of the lexical process in
which the sublexical process produces high
probability grapho-phonemic mappings instead of
the (lower probability) lexically correct mapping.

Incorrect pronunciations of specific letters (such as s,
g, ¢, or t in French) whose sounds vary depending
on the surrounding letters.

Pronouciation of the sound of each individual letter
within a digraph (a two-letter grapheme)
separately instead of as a unit

Substitution of a function word (closed class words:
determiners, pronouns, prepositions and
conjunctions) with another one from the same
grammatical category.

Derivational errors (addition of a prefix or suffix
creating a new word or changing its grammatical
category or meaning) and inflectional errors
(omission of conjugation, plural or feminine
markers).

Regularization

Contextual rule

Mispronunciation of
digraphs

Function word
substitutions

Morphological errors

All text items and in particular word pairs (9 pairs in
the text) in which the migration of a letter between
neighbouring words that retains its position within
the word creates another existing word (cape-page /

Addition

Page dira — page
dirage
Omission

plante étrange —
plate étrange
Substitution
lame rime — rame
rime
Transposition
rogné — rongé
arbi — abri
Repeating a letter
sardine —
sardrine
Omission of a
repeated letter
prirent — pire
Substitution of a
repeated letter
page — gage
Addition
mare — marche
Omission
compris — copris
Substitution
lange — lande
dents — tant

puis-sois).

All items in the text, and in particular transposable
words and pseudowords (20 in the text): items for
which a transposition in the word forms a word.

All text items

All text items
flache — fleche

All text items

Reading “temps”
(/ta/) as /tap/

Irregular words (22 in the text)

Reading “dragée”
(/draze/) as
/drage/

Reading “rogné”
(/rone/) as /rogne/

Item containing contextual letters (46 in the text)

Words containing digraphs (159 in the text)

Function words (123 in the text) le = les, la, du

Derivation errors
étrange —
étrangére
Inflection errors
arriverent —
arrive

All text items except function words and in particular
on morphologically complex words (29 in the text)

begin!. The researcher turned over the page and started
the timer. Each child’s reading was recorded for error
analyses.

Given the young age of some children in our sample,
we did not stop them from using their finger. No feed-
back was given, but, if needed, they were encouraged
to continue. For those tested at the end of the first trime-
ster and mid-way through 1st grade, half of the text was
concealed to avoid discouraging their efforts, as reading
the full text was beyond their expected grade level. For
the 10% of randomly selected children who also took the

Alouette test, it was always administered after the Mari-
ette. Instructions closely resembled those used for the
Mariette.

In France, 1st and 2" grade are key years for formal
reading instruction, with a strong focus on learning the
alphabetic code of the language. For this reason, chil-
dren in these grades were tested at three points in the
year to capture their progress during these critical
periods of learning: at the end of the first trimester
(December 2022), mid-year (March 2023), and at the
end of the school year (June 2023). All other grades
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were only tested in the middle of the school year (March
2023). Testing took place over a period of 2 to 4 weeks.
The exact number of children tested for each test session
is shown in Table 2.

Error type scoring. Reading errors were transcribed
phonetically. When the child made multiple responses
to all or part of the stimulus, the first response to each
syllable was transcribed. Occasionally, children skipped
an entire line. When this happened, the number of
words in the omitted line was subtracted from the
total number of words read by the child. To characterize
error types, we then applied a procedure described by
Potier Watkins et al. for the Malabi tests (2023). For
each error, a specific error type was assigned by consen-
sus among two researchers involved in the project, and
the information was entered into a database. This
approach allowed us to partially automate the error
classification process — once a particular error was ident-
ified and added to the database, it could be automati-
cally applied to similar cases. Below we describe how
an error was attributed to a particular error type.

Letter position errors were recorded when a transpo-
sition was made that included letters in the word (for
example, when the word fiable (“reliable” in English)
was read faible (“weak”)), when omitting or substituting
an instance of a repeated letter (omission: reading bible
(“bible”) as bile (“gall) - substitution: reading page
(“page”) as gage (“pledge”) or repeating a letter
(reading bile (“gall”) as bible (“bible”)). An addition, omis-
sion or substitution of a letter (or group of letters) in a
word was categorized as an attentional error if it
involved letters that could have come from a surround-
ing word (side, top or bottom), and maintained the same
relative position from the word of origin (first letter, last
letter, inner letter). An addition, omission or substitution
that could not be labelled as either attentional or letter
position was categorized as an other visual error when it
involved a consonant (for example when the word bois
(“wood” in English) was read mois (“month”)) and as a
vowel error when it affected a vowel (for example
when the pseudoword grusée was read grisée). Letter
position and attentional errors affecting a vowel were
double counted as vowel errors and letter position or
attentional errors. Regularization errors were observed
during the pronunciation of letter sounds in irregular

Table 2. Number of children per grade for each measurement

period.

Grade 1st 2nd 3 4t 5th
End of the first trimester 87 82 / / /
Middle of the year 82 88 74 103 104
End of the year 90 87 / / /

words (for example, pronouncing the letter “t" in
“listen”). These errors result from a failure of the lexical
process in which the sublexical process produces high
probability grapho-phonemic mappings instead of the
(lower probability) lexically correct mapping. Contextual
rule errors refer to incorrect pronunciations of specific
letters (such as s, g, ¢, or t in French) whose sounds
vary depending on the surrounding letters. When the
sound of each individual letter within a digraph (a
two-letter grapheme) was pronounced separately
instead of as a unit (for example, pronouncing both
letters in “in” individually rather than as a single nasal
sound) we classified this as a digraph error. Regulariz-
ations of irregular words, misapplication of contextual
rule and digraph errors reflect failures of learning: regu-
larizations reflect failure to learn the lexical represen-
tation, while the other two reflect failure to learn
complex grapho-phonemic mappings. Thus, in older
readers, regularization errors reflect impairments in the
lexical route, whereas misapplication of contextual
rules or digraph errors arise from failure in the sublexical
process. Another error type that may arise from a deficit
in sublexical processing is voicing errors, which involve
pronouncing a voiceless consonant as its voiced counter-
part (e.g., /t/ as /d/, /f/ as /v/, /k/ as /g/), and vice versa.
Errors on function words (closed class words: determiners,
pronouns, prepositions and conjunctions) were character-
ized as substitutions within function words when a func-
tion word was substituted by another one of the same
grammatical category. Finally, morphological errors
were classified as either derivational (reading happy as
happily) or inflectional (for example, reading eaten as
eat). When an error made by a child was too far
removed from the original word to be interpreted (for
example, the word sur (“on”) read as sorti (“out”)), it was
categorized under the label other. Using this classification,
we were able to characterize 93.9% of the errors encoun-
tered, with an increase in this percentage as children get
older (96.2% of the 5™ graders’ errors vs 91.6% of 1st
graders’ errors).

If an error could reasonably be attributed to more
than one category (for example, reading nous as vous,
which could reflect either a function word substitution
or a letter substitution (changing “n” to “v"), it was
counted under both categories. We refer to these
cases as “ambiguous” errors, meaning the exact source
of the error is ambiguous, but both categories are rel-
evant. Similarly, when an error results from a sequence
of distinct processes (such as reading pose as possé,
which may involve first a contextual rule error followed
by a substitution), it was also counted in both relevant
categories. We refer to these as “multiple responses”
errors, indicating that both error types are clearly



involved. In both cases, All types of errors were included
in the standards, following the principle that a child with
a specific subtype of dyslexia will exhibit a higher fre-
quency of certain errors compared to others. When the
accumulation of a specific error type exceeds the
thresholds set by the standards, it should alert the prac-
titioner to the possibility of a specific dyslexia subtype.

Data analysis. Reading speed and accuracy. Reading
speed and accuracy are two classical parameters
measured in text reading tests. Reading speed was cal-
culated as the number of items correctly read per
minute and reading accuracy as the percentage of cor-
rectly read items out of the total of number of item
read. 19 children whose speed or accuracy was more
than three standard deviations away from the mean
were considered as outliers and removed from the
analysis. We studied the evolution of both scores over
the course of schooling using linear regressions and
Welsh’s t-tests.

Self-corrections. The term self-correction refers here to
mistakes quickly followed with the correct answer. In
some tests, such as the Alouette, self-corrections are
considered as correct answers, with the underlying
idea that the student’s hesitations will still necessarily
result in a detectable slowdown in their reading speed.
Here however, since we focus on error types, it is essen-
tial to keep a record of children’s first verbal production,
even if they subsequently self-correct. This is why, in the
Mariette, we consider any incorrect answer to be an
error, and why we have taken self-corrections into
account at a later stage. As not all the children read
the same number of words, we expressed these self-cor-
rections as the proportion of self-corrected errors in
relation to the total number of errors made.

Traditional scoring, percentage of errors for irregular
and pseudowords. Most current screeners rely on error
rates for irregular words and pseudowords to identify
surface and phonological dyslexia. To compare the effec-
tiveness of this approach with a more detailed method
of categorizing each error made by the reader, we calcu-
lated the average accuracy for each child on irregular
words (22 words in the text) and pseudowords (16
words in the text). Using the classification described in
Table 1, we then analyzed each error on irregular
words and pseudowords specifically, determining the
proportion of errors that matched the expected type
(regularization error for irregular words and grapheme-
phoneme conversion errors (contextual rule, digraph
and voicing errors) for pseudowords).

Error type scoring, percentage of errors for each type.
Because students were stopped after five minutes of
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reading, they did not read the same number of words.
To track how different types of error occurrences
changed over time, we calculated each error type as a
percentage of the opportunities the student had to
make that error type. For example, attentional errors
(addition, omission or substitutions involving letters
that could have come from a surrounding word) can
occur across all words in a text. If a child reads 230
words and makes 15 attentional errors, their attentional
error rate would be 6.5%. Conversely, substitutions
within function words are limited to function words. A
child who encounters 20 function words and substitutes
15 of these would have a rate of substitutions within
function words of 75%. A score closer to 100% indicates
a consistent error pattern for a specific item type. The
items counted for each type of error are described in
Table 1. Those percentages were then compared
between grades using Welch'’s t-tests.

Results

Was the Mariette comparable to known reading
standards?

We first present the results for the 10% of students who
completed both the Mariette and a similar reading
screener with established grade-level norms, the Alou-
ette (Lefavrais, 2005). The correlations between the Mari-
ette and the Alouette, graphically depicted in Figure 2,
showed that reading speed, measured as the number
of words correctly read per minute, was highly corre-
lated across tests (r=0.97, p<0.001), as well as reading
accuracy (r=0.85, p<0.001). These outcomes confirmed
that the Mariette measures overall reading performance
similarly to the Alouette, while allowing for a much more
sophisticated error analysis.

Grade-level development of reading speed and
accuracy

Figure 3 depicted how children’s reading speed and accu-
racy changed over the course of schooling. Between the
start of 1st grade and the end of 4" grade, reading speed,
expressed in words read correctly per minute, increased
almost linearly (r=0.79, p=0.021), reaching a plateau
between 4" and 5" grade. Pairwise comparisons showed
that reading speed increased significantly between each
timepoint (p<0.05 for each comparison) except between
4™ and 5™ grade (1(196.2) = —0.133, p = 0.89).

Accuracy followed a less linear trajectory - it rose
sharply during the first year of primary school, increasing
from 46.6% to 79.5%, with significant pairwise differ-
ences between the beginning, middle, and end of first
grade (all p < 0.001). This sharp rise likely reflects the
transition from having no reading skills to acquiring
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foundational knowledge through intensive instruction.
From the beginning of second grade to fifth grade, accu-
racy continued to improve, but at a slower pace (r=0.92,
p =0.009), eventually reaching 93.9%. This pattern high-
lights the dramatic gains that occur when children first
learn to read — moving from non-reader to reader - com-
pared to the more gradual and variable improvements
that follow, which likely reflect fluctuations in mastery
across different children and reading demands.

Evolution of self-corrections over the course of
schooling

As shown in Figure 4, the percentage of self-corrected
errors was low at the start of 1st grade, with only 3%
of errors being self-corrected. This percentage increased
over the course of 1st grade, and even more sharply
between the end of 1st grade and the beginning of

Mariette — Speed (number of words correctly read per minute)
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Figure 2. Reading speed and accuracy correlations between the
Mariette and the Alouette, a widely used dyslexia screening tool.

2nd grade, when it rises from 8% to 16%. It then fell
during 2™ grade, before rising again in 3" grade and
stabilizing at around 20% between 4™ and 5™ grade.
This increase in self-corrections likely reflects growing
metalinguistic awareness and reading skill, as children
become better able to recognize and repair their own
mistakes - particularly in the unusual task of reading
pseudowords, which younger readers often fail to
monitor effectively.

Evolution of different error types over the course of
learning

Traditional scoring, percentage of errors for irregular
and pseudowords. Most standard screeners currently
used to identify different subtypes of dyslexia score
error rates on irregular words and pseudowords to
detect surface and phonological dyslexia. These

Speed (number of words correctly read per minute)
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Figure 3. Changes in reading speed and accuracy over the
course of schooling. Errors bars represent the standard error of
the mean.
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Figure 4. Evolution of the percentage of self-corrections over
the course of schooling.

screeners operate on the assumption that errors on irre-
gular words are surface errors, while errors on pseudo-
words result from grapheme-phoneme conversion
issues, per the dual-route reading model. However, our
observations showed that, by the middle of first grade,
only 57.6% of errors on irregular words could be categor-
ized as regularizations, and just 43.2% of errors on pseu-
dowords were due to grapheme-phoneme conversion
difficulties (voicing errors, digraph errors or contextual
rule error). In first grade, pseudoword errors were
largely related to letter-position errors (27%), while irre-
gular words produced a notable amount of other visual
errors (14.1%). Although the proportion of regularization
errors on irregular words increased over time, it never
reached 100%. By fifth grade, regularization errors still
only accounted for 70.4% of errors on irregular words,
with visual errors (including letter-position, attentional,
and other visual errors) making up 25.7%. Conversely,
the percentage of grapheme-phoneme conversion
errors among pseudoword errors declined over time,
dropping to 12.6% by 5™ grade. At this stage, most
errors on pseudowords (56.2%) were due to letter-pos-
ition issues. These findings indicate that the type of
word cannot reliably predict the type of error, even in
older children.

Error type scoring, percentage of error for each error
type. Characterizing the errors allowed us to examine
how the frequency of each error type changed over
the course of primary school. As shown in Figure 5, the
overall percentage of errors decreased from the start
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of 1st grade to 5th grade, though the rate and pattern
of this decline differed by error type.

Other visual errors (additions, omissions and substi-
tutions of letters resulting neither from a letter position
error nor from an attentional error) declined sharply
during the first year of primary school, with significant
decreases between the start and the middle of 1st
grade (t(132.7)=5.25, p<0.001), and between the
middle and the end of 1st grade (t(148.57)=4.00,
p<0.001), followed by a second decline between the
start and the middle of 2" grade (t(123.23)=2.84, p=
0.0052). Subsequently, such errors continued to decline
from the end of 2" grade to 5" grade, with significant
drops occurring between the end of 2"¥ grade and 3™
grade (t(155.18) =2.31, p =0.022), and between 3 and
4th grade (t(105.72) =4.14, p<0.001). Attentional errors
(addition, omission or substitutions involving letters
that could have come from a surrounding word) fol-
lowed a similar pattern to other visual errors, with a
sharp decline in first grade (start of 1st grade - middle
of 1st grade: t1(161.96) =3.18, p=0.0018; middle of 1st
grade - end of 1st grade: t(127.72) =4.20, p<0.001), fol-
lowed by a second decline between the start and
middle of 2" grade (t(134.54)=3.21, p=0.0017),
between the end of 2" grade and 3™ grade (t(146.05)
=279, p=0.0060) and between 3 and 4™ grade
(t(128.58) =3.51, p<0.001).

Letter position errors (letter transposition within the
word, omission or substitution of an instance of a
repeated letter or repeating of a letter) followed a
slightly different pattern, with a significant decrease in
1st grade (start of 1st grade - middle of 1st grade:
t(133.76) =3.30, p=0.0012; middle of 1st grade - end
of 1st grade: t(135.66) = 3.80, p<0.001). This was followed
by a slower decline, with the only further significant
reduction between 3rd and 4th grade (t(148.35) =2.81,
p =0.0057) and levelling-off between 4™ and 5™ grades.

Interestingly, we observed a trend where young
readers exhibited a higher percentage of attentional
errors compared to letter position errors, though this
difference was not statistically significant (start of 1st
grade: t(151.84) =0.45, p=0.66; middle of 1st grade:
t(153.51) =1.28, p=0.20; end of 1st grade: t(172.95) =
0.77, p=0.44). This trend reversed in ond grade, where
letter position errors then became significantly more fre-
quent than attentional errors (start of 2" grade:
t(155.97) =-2.16, p=0.033; middle of ond grade:
t(160.05) = —4.62, p<0.001; end of 2" grade: t(167.45)
=-295 p=0.0037; 3 grade: t(130.24)=—4.65,
p<0.001; 4™ grade: t(159.28)=-5.58, p<0.001; 5%
grade: t(154.04) = —-7.62, p<0.001).

Looking at central reading processes, students at the
start of 1st grade made a lot of regularizations of



12 (&) M.LUBINEAU ET AL.
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Figure 5. Evolution of different types of error over the course of schooling. Percentages were calculated in proportion to the number
of possible occurrence of the errors (instead of the total number of errors). For example, 100% of regularization errors means that each
time the child encountered an irregular word, he regularized it. This is why the sum of the percentages in the graphs above does not

equal 100.

irregular words (31.4% on average), digraphs errors
(20.1% on average) and contextual rules errors (29.1%
in average). These three types of error follow similar tra-
jectories. They fall sharply from the start of 1st grade to

the middle of 2" grade, when they reach 7.7%, 1.2% and
5.7% respectively on average (regularizations: start of 1st
grade - middle of 1st grade: t(125.64) = 4.96, p<0.001;
middle of 1st grade — end of 1st grade: t(131.82) =



4.11, p<0.001; end of 1st grade - start of ond grade:
t(149.53) = 2.95, p = 0.0037; start of 2"? grade — middle
of 2" grade: t(157.48) = 3.95, p<0.001 / digraph errors:
start of 1st grade — middle of 1st grade: t(122.51) =
6.63, p<0.001; middle of 1st grade - end of 1st grade:
t(100.04) =5.13, p<0.001; end of 1st grade - start of
2nd grade: t(155.35) = 3.97, p<0.001; start of 2nd grade
- middle of 2" grade: t(141.18) = 2.93, p = 0.0039 / con-
textual rule errors: start of 1st grade — middle of 1st grade:
t(151.7) = 2.46, p = 0.015; middle of 1st grade — end of 1st
grade: t(129.99) = 4.52, p<0.001; end of 1st grade — start
of 2™ grade: t(143.32) = 3.63, p<0.001; start of ond grade
- middle of 2™ grade: t(143.58) = 4.65, p<0.001). As with
the other error types described earlier, the percentage of
these three type of errors continued to decline, but at a
slower pace, with a notable drop occurring between the
end of 2" grade and 3" grade (regularizations: t(152.94)
=2.26, p=0.025; digraph errors: t1(118.92)=2.84, p=
0.0053; contextual rule errors: t(148.04)=3.13, p=
0.0021) and between 3 and 4™ grade (regularizations:
t(112.97) =6.94, p<0.001; digraph errors: t(122.08)=
2.18, p=0.031; contextual rule errors: t(140.93) =3.20, p
=0.0017). 5th graders still made 2.8% of regularizations,
3.4% of contextual rule errors but only 0.4% of digraph
errors on average in the whole text.

Voicing errors had one of the lowest frequency
among the error types observed. In the start of 1st
grade, children made an average of 2.1% of errors of
this type, but this percentage decreased sharply to
0.1% by 5th grade. The decline was statistically signifi-
cant between the start and middle of 1st grade
(t(132.37)=2.12, p=0.036), between the middle and
the end of 1st grade (t(156.69) =2.56, p=0.011) and
continued in later years, with further significant drops
between the start and middle of 2" grade (t(125.29) =
2.94, p=0.0039) and between 3rd and 4th grade
(t(94.29) = 3.04, p =0.0030).

We also looked at vowel errors (including additions,
omissions, substitutions or transposition of vowels).
Vowel errors followed a similar trajectory as grapheme-
phoneme conversion errors, with a significant drop
from the start to the end of 1st grade (start of 1st
grade — middle of 1st grade: t(154.48) = 6.23, p < 0.001;
middle of 1st grade — end of 1st grade: t(134.87) =
3.58, p<0.001), the start of 2nd grade to the middle of
2nd grade (t(131.01)=2.88, p=0.0047), and again
between the end of 2" grade and 3™ grade (t(153.05)
=2.90, p=0.0042) and between 3rd and 4th grade
(t(121.81) =4.00, p<0.001). Morphological errors and
substitutions of function words followed a more
complex, non-linear pattern compared to other error
types. Morphological errors — including both inflectional
and derivational changes - increased significantly

COGNITIVE NEUROPSYCHOLOGY 13

between the end of 1st grade and the start of 2nd
grade (t(164.7)=-2.27, p=0.025), then declined
between the start and middle of 2nd grade (t(154.58)
=2.17, p=0.031), and again from 3rd to 4th grade
(t(114.71) =3.44, p < 0.001), reaching just 0.5% by 5th
grade. Function word substitutions showed a similarly
irregular trajectory: they remained stable during 1st
grade, increased between the end of 1st grade and the
start of 2nd grade (t(150.42)=-2.97, p=0.0034),
decreased from the start to the middle of 2nd grade
(t(150.95) =2.49, p=0.014), and declined further from
3rd to 4th grade (t(112.66) =4.13, p < 0.001). However,
these errors remained relatively frequent, persisting at
around 2% in 5th grade.

Discussion

In this first study, we introduced the Mariette, a screen-
ing tool designed to target specific error types while
measuring both reading speed and accuracy. We
demonstrated that the number of words read correctly
per minute using the Mariette was highly correlated
with results from a screener frequently used by French
speech therapists, the Alouette. The error analysis pro-
vided by the Mariette also allowed for a deeper investi-
gation into how typical reading errors, commonly
associated with dyslexia, evolve as children progress
through school.

The changes in reading speed observed between
grades in our results were consistent with other longi-
tudinal and cross-sectional studies, showing a near-
linear increase during the early grades (1st and 2nd
grade), followed by a plateau towards the end of
primary school (Al Otaiba et al., 2009; Biemiller, 1977;
Dehaene-Lambertz et al., 2018; Lervag & Hulme, 2009;
Nese et al., 2013). Research has repeatedly shown that
reading speed, or fluency, is a strong indicator of a
child’s reading ability and is highly correlated with
reading comprehension (Fuchs et al, 2001; Hudson
etal., 2005; Lee & Chen, 2019) and with the development
of the brain’s reading networks (Dehaene et al., 2010,
2015; Dehaene-Lambertz et al., 2018; Feng et al., 2022).
On the Mariette, reading speed increased steadily
across grades, with significant growth at each testing
period, except between 4th and 5th grade. The growth
observed between the end of 1st grade and the begin-
ning of 2nd grade was smaller than that seen within
the school year, likely due to the absence of explicit
instruction during the summer vacation. Nevertheless,
the significant progress made between the end of 1st
grade and the beginning of 2" grade suggests that chil-
dren benefit from “self-learning” during breaks (Share,
1995).
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Reading accuracy - another key metric closely linked
to comprehension - showed a similar developmental
trajectory, particularly in opaque orthographies like
French, which typically require a longer period to
master (Ziegler et al.,, 2010). In such languages, it often
takes several months for accuracy rates to approach
100% (Seymour et al., 2003; Vaessen et al, 2010;
Ziegler & Goswami, 2005). By 4th grade, children
reached a plateau of around 95% accuracy, reflecting
the automaticity of reading typically achieved by the
end of primary school. However, about 5% of errors per-
sisted, likely due to the presence of rare irregular words
(e.g., “dolmen”) and pseudowords resembling common
French words (e.g., “truche”, “arbi”, “oviles”, “mantou”).
The increase in self-corrections from 1st to 5™ grade
may also be explained by instances where pseudowords
are read as real words, particularly when a letter transpo-
sition in the pseudoword forms a familiar word. This
effect is likely driven by increased reading automaticity
and the lexicality effect, whereby pseudowords that
closely resemble familiar words are more likely to
trigger the retrieval of real word forms from memory
(Acha & Perea, 2008).

Most standard screeners currently used to identify
subtypes of dyslexia compare error rates on irregular
words and pseudowords. Surface dyslexia is identified
when the error rate on irregular words is abnormally
high, while performance on pseudowords remains
within the normal range. Phonological dyslexia shows
the opposite pattern, with elevated errors on pseudo-
words but not on irregular words. Mixed dyslexia is diag-
nosed when both error rates exceed normative
thresholds (Castles & Coltheart, 1993; Manis et al.,
1996; Sprenger-Charolles et al., 2000, 2011; Stanovich
et al, 1997; Ziegler et al., 2008). These screeners
assume that errors on irregular words would be
surface errors and errors on pseudowords should be gra-
pheme-phoneme conversion errors. This however, was
not what we observed when looking at the types of
errors readers make: across all grades, 37% of errors on
irregular words and 74% of errors on pseudowords
were not of the expected error type. Thus, relying
solely on error rates to compare performance across
word categories provides a limited picture. To better
capture the nature of children’s difficulties, it was essen-
tial to examine the specific types of errors they made.

In each of the visual error types we assessed (atten-
tional errors, letter-position errors or other visual
errors), the percentage of errors improved by grade.
There was a significant reduction in these errors
between 1st and 2™ grade, followed by another drop
between 3™ and 4™ grade. Our findings on letter-pos-
ition errors align with Paterson et al., who also found a

decline in error rates between 2"%-4™ graders and
adults (Paterson et al., 2015). However, unlike Grainger
et al. (2012), letter-position errors did not follow a bell
curve with a peak in 3™ grade, likely because we did
not include enough items specifically focusing on trans-
posable pseudowords, which was the focus of their
study. Despite their reduction, letter position errors
were still present among 5" grade students, a result
that could be partly explained by the transposable
items contained in the text (such as “arbi”, “oviles”, or
“fiable”), which, incidentally, are the items on which
the majority of letter position errors occur among
older students (in 1st graders, 29.8% of letter position
errors were made on these items, a percentage that
increases with schooling to reach 52.4% in 5" grade).
We also observed that the burden of error was not the
same for attentional and letter transposition errors. In
a crossover effect midway through 2nd grade, errors
that could be scored as attentional errors were slightly
greater than letter position errors, which were signifi-
cantly more frequent after this period. This progression
in visual error types reveals an interesting developmen-
tal path: attentional errors are notably more frequent at
the outset, suggesting that early reading may place a
heavier burden on general visual attention. However,
after the first year of learning, letter-position errors
appear to be more challenging, possibly indicating a
shift toward finer-grained positional processing. This
shift may point to an early peripheral reorganization in
how visual attention and positional encoding are
applied during reading, reflecting the developmental
refinement of focal processing as reading becomes
more automatic.

When examining central reading processes, we
observed a high percentage of regularizations of irrequ-
lar words in young children, as to be expected given that
at the time of testing, 1st graders were still in the early
stages of learning to read and relied heavily on the
sub-lexical route to decode words, as their mental
lexicon would still be very small (Bijeljac-Babic et al.,
2004; Burani et al., 2002; Schroter & Schroeder, 2017;
Zoccolotti et al., 2005). At the start of the year, 1st
graders also made a lot of digraph errors and contextual
rule errors, a pattern that is entirely normal because they
didn’t learn all grapheme-phoneme correspondances
and contextual rules yet. The sharp decline of those
type of errors throughout primary school reflects the
progressive consolidation of the lexical route, as docu-
mented in previous research. However, despite the
expectation that 5th graders have mastered reading,
we found that they still made an average of 2.8% of
regularizations and 3.4% of contextual rule errors while
reading the Mariette text. This suggests that the



mastery of French contextual rules and irregular word
reading continues to pose challenges for older students
- consistent with findings showing persistent misappli-
cation of contextual rules even among 6th graders (Lubi-
neau et al., 2024). Our findings also showed that other
types of errors, such as voicing errors or digraph errors
almost disappeared by the end of 2" grade. Their con-
tinued presence in older students, even in small
numbers, may point to residual reading difficulties that
warrant attention or intervention. Additionally, we
observed frequent confusions involving function words
in older students. Rather than being a cause for
concern, these may reflect increased reading automati-
city and speed, as short, frequent words are often over-
looked by the eye during rapid reading (Rayner & Duffy,
1986; Rayner & McConkie, 1976).

In our study, various types of reading errors, as well as
reading speed and accuracy, showed significant
improvements from 3rd to 4th grade, with increased
reading speed and accuracy alongside a reduction in
errors. This pattern suggests that 4th grade serves as a
key transitional period in reading development. While
1st grade is essential for establishing foundational
reading skills, 4th grade appears to mark a shift from
developing reading fluency to focusing on comprehen-
sion. This shift aligns with the concept of the “4th
Grade Slump” described by Chall and Jacobs (2003),
which identifies 4th grade as a critical stage where stu-
dents transition from “learning to read” to “reading to
learn” (Chall et al., 1990). Neuroimaging studies also
support continued developmental changes in brain
regions associated with reading automaticity, particu-
larly in the left inferior frontal gyrus and occipitotem-
poral regions - areas linked to skilled reading
(Shaywitz et al., 1998; Shaywitz et al., 2007). It is likely
that the increased classroom demands for comprehen-
sion and analysis in 4th grade contribute to the observed
improvement in basic reading tasks, as tested by the
Mariette.

Study 2, dyslexia screening in a clinical
setting

Method

Participants

Neuropsychologists at the Cerene testing centre (https://
cerene-education.fr) included the Mariette in their
assessment battery for students referred for evaluation,
with families providing consent to share the data for
research purposes. The sample comprised 18 children
with putative neurodevelopmental deficits: 2 in 2nd
grade, 3 in 3rd grade, 7 in 4th grade, and 6 in 5th grade.
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Procedure

Participants were tested during the 2022-2023 school
year as part of a broader neuropsychological evaluation.
Parents received written information about the research
and provided consent for their child’s participation. Neu-
ropsychologists followed the same standardized proto-
col for administering the Mariette as used in our lab.

Establishing norms. Standardized norms for reading
speed and accuracy were established with the data col-
lected in Study 1. Since reading speed and accuracy did
not follow a normal distribution, norms were defined
using percentiles. Since students were stopped after
five minutes of reading, not all children read the same
number of words during the test. To ensure meaningful
error analysis, we established grade-specific cut-offs
indicating the minimum number of words a child
needed to read for each error type to be reliably
assessed. These cut-offs, shown in Table 3, were based
on the data collected in Study 1, and corresponded to
the minimal number of words read by children in the
5th to 10th percentiles for either reading speed or accu-
racy within each grade. Errors for each error type were
then calculated using only the words read up to the
established cut-off. For example, in 3 grade, a child
needed to read at least 230 words for their error analysis
to be relevant, and only errors made on the first 230
words were included. Given that children at the start
of 1st grade typically read very few words, analysis of
error types was not constructive for this group. As a
result, cut-offs were established from the middle of 1st
grade, as shown in Table 3, along with the number of
items of each error type within these cut-offs.

We excluded from the analysis 25 students who did
not reach the cut-off (8 1st graders, 4 2nd graders, 1
3rd grader, 6 4th graders, and 6 5th graders). Addition-
ally, 62 students were excluded because their number
of errors in at least one error type was more than
three standard deviations away from the mean. This cri-
terion was applied to ensure that children presenting
with potential reading difficulties were not inadvertently
included in the normative sample. We applied Crawford
and Garthwaite’s significance t-test to set the threshold
number of errors for each error type beyond which a
child should be considered selectively impaired. (Craw-
ford & Garthwaite, 2007). Norms are shown in Table 4.

Data analysis. We used the same procedures as in Study
1 to assess each of the 18 children tested at the Cerene
centre, calculating their reading speed, accuracy, and
the number of errors for each error type. Individual
results were then compared to standardized norms for
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Table 3. Cut-offs for error analysis by grade.

Cut-off
(number of words to be read so that Nb of word  Nb of migratable Nb of Nb of morphologically Nb of irregular
Grade errors can be analyzed) pairs words pseudowords complex words words

1st  Start / / / / / /

Middle 53 0 5 3 5 4

End 89 2 7 5 8 8
2™ Start 106 2 8 6 10 8

Middle 138 4 10 7 14 9

End 153 4 1" 8 17 1
3 230 7 14 12 23 17
4th 294 9 20 16 29 22
5t 294 9 20 16 29 22

speed, accuracy, and specific error types. For reading
speed and accuracy, scores falling below the 5th percen-
tile were considered indicative of an impairment in that
specific reading process. A potential reading difficulty
was identified when the number of errors for a given
error type exceeded the threshold set using Crawford
and Garthwaite’s significant t-test (Crawford &
Garthwaite, 2007).

Results

Students considered dyslexic by standard tests

The clinicians we collaborated with used various tests
to screen for dyslexia, all of which assessed both
reading accuracy and speed. They identified nine chil-
dren in the sample as dyslexic, and the Mariette
confirmed the diagnosis for eight of them. The one
child (Cl) not flagged as dyslexic by the Mariette had
a reading speed and accuracy rate between the 10"
and 15™ percentile, classifying him as a slow reader
but not reaching the threshold for any error type.
Among the eight children with concordant diagnoses,
six could not read enough words to allow for a
specific error analysis. In other words, although their
reading speed and accuracy indicated dyslexia accord-
ing to the Mariette criteria, their reading difficulties
were too severe to meet the grade-level cut-off for
error analysis. For the two remaining children who
did reach the cut-off for error analysis, their number
of errors for each error type are shown in Table 5. Of
the two, CD showed error rates exceeding the
thresholds for all error types, including both consonant
and vowel errors, with the exception of substitutions
within function words and voicing errors. In contrast,
FB displayed a selective vowel deficit (reading mare
(“pond”) as mére (“mother”) or the pseudoword klapin
as klapion), with a number of vowel errors 3.47 standard
deviations above the control group mean, while conso-
nant errors remained within the average range and no
other error types were out of range.

Students considered non dyslexic by standard tests
Of the nine students not considered dyslexic by the clin-
icians, the Mariette provided a concordant conclusion
for three: AFR was a slow but accurate reader and LP
and IM were within the normal range for all parameters
measured. However, the Mariette identified six of these
students as having some type of reading difficulty.
Two of these students, MC and DC, met the threshold
for a mixed-dyslexia profile, with errors exceeding the
thresholds in both visual processing (attentional and
letter position errors for DC and attentional and other
visual errors for MC) and in substitutions within function
words (replacing les by le, un by une, de by du). CM exhib-
ited a different type of mixed profile, making a lot of sub-
stitutions within function words, placing him 3.6 SD
above the control mean, as well as a lot of misapplica-
tion of contextual rules (reading cousin (“cousin”) as
coussin (“pillow”), placing him 3.3SD above the control
mean. Finally, CE also exceed the controls for two
types of errors, showing difficulties with the pronuncia-
tion of digraphs (reading galet (“pebble”) as galette
(“galette”), placing him 3.6 SD above the control
mean, and regularizing letter sound in irregular words
(pronouncing the silent final letter “c” in tabac
(“tobacco”), placing him 2.9 SD above the control
mean. The remaining two students exhibited selective
deficits. LMG showed a single difficulty with reading irre-
gular words. He made 7 regularization, placing him 3.9
SD above the mean for his peers. More precise tests
focusing on the reading of irregular words would be
needed to set the diagnosis of surface dyslexia. Finally,
NS, made 9 substitutions within function words,
placing him 4.2 SD above the control mean. Again,
further testing would be needed to refine the diagnosis
of a potential phonological buffer dyslexia.

Discussion

The findings from Study 2 underscore the Mariette
screening tool’s potential as a refined diagnostic aid



Table 4. Norms of the Mariette on speed, accuracy and different error types.
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1st graders

2nd graders

start middle end start middle end 3rd graders  4th graders  5th graders
Reading speed (words per minute)
15th percentile 2.20 837 14.63 22.80 28.85 31.2 45.88 72.16 64.87
10t percentile 1.86 7.58 13.94 20.64 25.50 27.56 44.80 68.50 59.18
5th percentile 1.63 7.00 12.28 17.44 22.15 24.92 40.72 62.81 50.27
Accuracy (%)
15th percentile 30.06 56.92 68.11 73.35 81.15 80.06 85.46 91.45 90.82
10t percentile 2453 5441 65.88 67.78 78.68 77.09 84.15 89.68 89.59
5th percentile 22.16  51.10 62.13 61.78 76.65 72.45 80.71 87.70 84.32
Error type
Threshold, mean (SD)
Cut-off / 53 89 106 138 153 230 194 194
Attentional / 1 1 7 9 11 1 9 10
3.8 (2.9) 3.3(2.8) 2.5(1.9) 2.9 (2.4) 3.0 3.0 33(29) 2.5(2.5) 2.7 (2.7)
Letter position / 5 5 5 7 8 1 10 13
1.8 (1.4) 1.5 (1.4) 2.0 (1.4) 2.9 (1.9) 3.1 (2.0 4.2 (2.5) 3.5(2.5) 45 (3.2)
Other visual errors / 8 9 10 9 7 8 5 6
24 (2.2) 2.6 (2.4) 24 (2.7) 2.3 (2.5) 2.1(1.9) 2.7 (2.2) 1.6 (1.5) 1.9 (1.8)
Voicing / 3 3 3 2 2 3 2 2
0.7 (0.9) 0.9 (1.0 0.8 (0.8) 0.5 (0.7) 0.5 (0.7) 0.6 (0.9) 0.3 (0.5) 0.1 (0.3)
Vowel / 12 13 10 14 15 16 1 13
4.2 (3.0 4.1 (3.3) 3.6 (2.4) 4.6 (3.6) 4.6 (3.7) 53(3.9) 3.7 (2.8) 45 (3.3)
Mispronunciation of digraphs / 5 3 3 3 3 2 2 2
1.5(1.4) 1.1 (1.1) 0.7 (0.8) 0.8 (1.0) 0.7 (1.0) 0.5 (0.7) 0.4 (0.7) 0.4 (0.7)
Misapplication of contextual rules  / 5 5 4 3 3 4 4 4
1.5 (1.5) 1.5 (1.6) 1.6 (1.3) 1.1 (1.0) 1.2 (1.0) 1.8 (1.2) 1.5 (1.0) 1.4 (1.1)
Regularization of irregular words ~ / 5 8 5 5 5 7 5 7
2.0 (1.4) 3.2 (2.1) 2.0 (1.5) 1.6 (1.3) 2.1(1.2) 2.8 (1.8) 1.5(1.4) 1.8 (2.0)
Function word substitutions / 3 4 5 7 7 11 6 7
0.7 (0.8) 1.1(1.2) 1.7 (1.5) 2.2 (1.8) 24 (1.8) 34(2.8) 1.9 (1.7) 2.1(1.9)
Morphological errors / 2 2 2 3 3 5 3 3
0.1 (0.3) 0.3 (0.4) 0.4 (0.5) 0.7 (0.8) 0.8 (1.0) 1.5 (1.6) 0.9 (1.0) 0.8 (1.0

compared to standard clinical assessments of dyslexia.
For students clinically identified as dyslexic, the Mariette
confirmed the diagnosis in eight out of nine cases,
underscoring its reliability in alignment with standard
methods. However, one exception (Cl), a 3rd grader, is
especially notable. This student scored between the
10th and 15th percentiles in reading speed and accuracy
- a borderline profile. While clinical assessments ident-
ified this child as dyslexic, the Mariette classified them
as a slow reader rather than dyslexic, suggesting it
may distinguish between slow reading and true dyslexia
more precisely, potentially reducing overdiagnosis. This
distinction resonates with findings from other research
(Catts et al., 2003; Shankweiler et al., 1999), which
suggest that reading difficulties can range from isolated
speed issues to full dyslexia. Further studies comparing
responses on the Mariette and other diagnostic tools
could help verify this hypothesis, especially in borderline
cases. Another possibility could be that Cl presented
subtle language-based deficits not identified by the
Mariette. Had we more time, follow-up tasks targeting
morphosyntactic skills (e.g., oral production of clitic pro-
nouns or homophonous definite determiners) might
have clarified whether his profile aligned more with SLI
or phonological buffer dyslexia, as he just reached the
threshold for morphological errors.

Among the eight students with concordant diagnosis,
six were unable to read enough words to allow detailed
error analysis. This limitation highlights a challenge
common in severe dyslexia cases, where students
struggle to reach the cut-off for analyzing specific error
types. For the two students who did meet the cut-off,
however, the Mariette’s error analysis provided mean-
ingful differentiation: one student (CD) exhibited broad
deficits across multiple dyslexia types, while the other
(FB) displayed a selective vowel deficit. These results
suggest that the Mariette’s potential is not only in
detecting dyslexia but also in identifying specific
reading deficits, that could then be used to support tai-
lored intervention strategies. This aligns with previous
studies that emphasize the importance of fine-grained
assessments for specific deficits to guide targeted inter-
ventions (Friedmann et al., 2010; Friedmann & Rahamim,
2014).

The results for students identified as dyslexic by the
Mariette but not by clinical evaluation offer additional
insights. We identified six out of nine of these students
as having at least one reading difficulty, suggesting
that the Mariette may be sensitive to more subtle or
selective error profiles that traditional screenings might
overlook. Within this group, four students met the cri-
teria for a mixed-dyslexia profile, while the remaining
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Table 5. Reading speed, accuracy and number of errors for each error type made by the patients. Described here are only the patients
who passed the cut-off in terms of number of words read so that their errors could be analyzed with a higher precision. The stars

indicate pathological scores relative to the standards.

Error types

Name, Reading Reading Cntxt. Reg. of Sub. within

grade, speed accuracy Letter Digraph rule irregular function Mor.

diagnosis (words/min) (%) Att.  position  Visual Voicing Vowel error error words words errors

d, 3, 45.1 85.4 6 4 5 0 7 1 2 6 8 5
dyslexic

CD, 4, 46.6 79.3% 1m*  16* 7* 2 26 6% 5% 1* 5 7*
dyslexic

FB, 2, 19.6 70.5 6 4 8 0 12* 1 3 3 3 1
dyslexic

LP, 2, non 34.6 88.7 4 4 1 1 7 1 1 4 0 3
dyslexic

IM, 5, non 714 91.8 1 0 2 0 3 1 2 7 6 1
dyslexic

CM, 5, non 95.7 85.7 8 6 4 1 9 0 5% 0 9* 2
dyslexic

DC, 5, non 75.1 88.1 13*  14* 2 1 13 0 1 3 9% 2
dyslexic

NS, 4, non 86.6 90.8 7 6 1 1 8 0 2 4 9% 1
dyslexics

LMG, 4, non  47.3* 90.8 6 6 1 1 9 2 2 7* 3 0
dyslexic

AFR, 4, non  56.1* 91.8 2 5 1 0 5 0 2 2 5 2
dyslexic

MC, 4, non 59.8*% 87.8 10 10 7* 1 12 0 1 5 5 4*
dyslexic

CE, 3, non 39.6* 85.3 4 6 7 1 6 3% 3 8* 1 3
dyslexic

two showed selective impairments. One of these stu- conventional assessments. Future research should

dents exhibited a pattern consistent with surface dys-
lexia, marked by a high number of regularizations of
irregular words. These findings indicate that the Mariette
is particularly effective at detecting surface dyslexia,
even in students who perform relatively well on
broader reading measures such as speed and accuracy.
This sensitivity supports the importance of using tools
capable of identifying specific dyslexia subtypes inde-
pendently of general reading proficiency (Castles,
1996; Coltheart et al., 1983; Guven & Friedmann, 2022).
Additionally, the Mariette identified one student who
made significantly more substitutions of function
words than controls. This pattern may suggest a
primary deficit in the phonological output buffer - a
hypothesis that should be tested further through oral
language tasks (Dotan & Friedmann, 2015). It is impor-
tant to note that these children’s reading errors are
not solely related to confusion with higher frequency
words: on average, 44% of the responses of the 18 chil-
dren tested in this study were pseudowords.

In sum, the results suggest that the Mariette offers a
general assessment of reading difficulties based on
reading speed and accuracy that is comparable to
other standardized screeners, while providing a more
detailed picture of reading difficulties through precise
error analysis. This allows for the differentiation
between dyslexia subtypes, which is often missed by

further validate the Mariette's sensitivity to specific dys-
lexia profiles and explore whether targeted interven-
tions based on subtype classification can lead to
improved outcomes for individuals with dyslexia.

General discussion

Our study underscores the complexity of reading devel-
opment and highlights dyslexia as a heterogeneous
learning disorder with multiple potential subtypes, rein-
forcing the need for a nuanced screening tool capable of
distinguishing among these profiles across stages of
reading acquisition. Study 1 demonstrated that the Mari-
ette accurately reflects developmental trends in reading
speed and accuracy, which improves steadily as children
advance through primary school (Biemiller, 1977; Fuchs
et al, 2001). Its strong correlation with widely used
screeners reinforces its reliability (Lefavrais, 2005),
while its detailed error analysis provides additional
insights into specific error types — an area where it has
been argued that traditional tools often fall short
(Castles & Coltheart, 1993; Friedmann & Coltheart,
2018). By tracking the rates of different types of errors,
the Mariette allows for the establishment of grade-
based benchmarks, enhancing our understanding of
typical and atypical reading patterns and supporting a
more nuanced approach to dyslexia diagnosis.



In Study 2, we observed the Mariette’s added sensi-
tivity in a clinical setting, where it captured subtle
error profiles missed by standard assessments. Of the
18 students assessed, only half were identified as dys-
lexic by the standardized tests used by clinicians, yet
several of the remaining students appear to have
specific deficits that went undetected. This finding
echoes previous research showing that narrow
definitions of dyslexia can lead to false negatives, over-
looking students with more selective or atypical
profiles (Kohnen et al, 2012; Potier Watkins et al.,
2023). Specifically, among all 18 students tested, those
whose accuracy scores fell below the 5% percentile
made numerous errors across multiple error types, or
they did not read enough words to conduct a detailed
error analysis. Half of the students whose accuracy
scores were between the 5" and 15™ percentiles dis-
played a specific deficit, whereas all students with accu-
racy above the 15" percentile showed no deficit,
confirming their prior non-dyslexic diagnosis.

Future research should further validate this distinc-
tion by comparing Mariette results with the tests used
by clinicians to clarify where specific reading profiles
might overlap or diverge. In this project, we know that
clinicians did not consistently use the same tests, but
we lack information on which specific tests they
employed for their diagnoses.

The Mariette’s success in identifying dyslexia sub-
types suggests an exciting avenue for future research:
examining whether tailored interventions targeting
specific subtypes leads to more effective outcomes
(Friedmann & Rahamim, 2014). For instance, children
with phonological buffer dyslexia may benefit from
interventions focused on strengthening phonological
working memory, whereas children with attentional dys-
lexia might benefit from visual processing support, such
as guided tracking or spatial attention exercises (Fried-
mann & Rahamim, 2014). As the multiple dyslexias
theory gains traction, the Mariette provides a framework
for personalized interventions, which could ultimately
lead to more accurate and beneficial treatment options.

Limitations

The Mariette is only a screener. Obviously, a 5-minute
test does not suffice to establish a full diagnosis of neu-
rodevelopmental deficit, especially with a condition as
complex as dyslexia. Results of the Mariette should be
combined with further tests. For example, if a child
makes more letter position errors than average but
few attentional errors, this may suggest letter position
dyslexia, which can be confirmed with additional tar-
geted error screeners tests like the Malabi (Potier
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Watkins et al., 2023). Visual errors - such as letter pos-
ition errors, attentional errors, or letter substitutions
not attributable to attentional confusion - may arise
from phonological rather than orthographic processing
deficits. However, these explanations could potentially
be ruled out if the children demonstrated intact word
and pseudoword repetition abilities. The sharp decline
in such errors over the course of first grade suggests
that they likely stem from deficits in the orthographic
visual analyzer rather than from impairments in the pho-
nological output buffer. Nonetheless, oral repetition of
words and pseudowords would have been necessary
to confirm this interpretation. Confirmation through
oral language tasks should also be considered when
interpreting our analysis of the broader category of mor-
phological errors — which, in our scoring, includes both
inflectional and derivational errors. While such errors
may stem from a phonological output buffer deficit,
additional testing is necessary to confirm this hypoth-
esis. Nonetheless, we argue that the error analysis per-
formed using the Mariette provides a valuable starting
point: a relatively quick yet informative tool for identify-
ing reading profiles that merit more in-depth
investigation.

Furthermore, while the Mariette provides some level
of granularity about dyslexia subtypes, it does not ident-
ify all dyslexia subtypes mentioned in the introduction.
For instance, neglexia, deficit in the orthographic input
buffer, letter identity dyslexia or deep dyslexia, are not
directly assessed by the Mariette. To accurately test for
neglexia, assessments must include words where letter
additions, omissions, or substitutions at word start or
end create a different word (e.g., “loin” (far) read as “loi”
(law)). While the Mariette does not specifically test for
this, it is possible to analyze whether there is a pattern
in the number of visual errors (letter position, attentional
and other visual errors) at the beginning, middle, or end
of words. If a pattern is found, follow-up tests can
confirm whether these errors are due to neglexia, which
impacts letters, or if a broader visual perception issue is
at play, such as difficulties with reading numbers.

To assess the presence of a deficit in the orthographic
input buffer, one can examine whether visual errors
increase with word length, since impairments in the
orthographic input buffer typically lead to a higher
error rate for longer words. Sensitivity to word length
is therefore an important diagnostic indicator.
However, because the Mariette contains far more short
words than long words, it may not allow for the detec-
tion of a reliable length-sensitive error pattern. A
follow-up assessment using a list of words carefully con-
trolled for length would therefore be necessary to evalu-
ate the presence of such a deficit.
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Diagnosing letter identity dyslexia typically requires
specific tests that involve identifying letters in different
fonts or cases. As mentioned in the introduction, it is
important to distinguish this type of dyslexia from ortho-
graphic-visual analyzer dyslexia, as both disorders can
cause similar reading errors. In cases where a selective
visual orthographic analyzer dyslexia is detected, follow-
up testing for letter identity dyslexia is recommended.
This will help determine whether the child’s difficulties
stem from challenges in recognizing letter identity,
which can present similarly but requires different
interventions.

Finally, we did not include enough stimuli in this
study to formally identify deep dyslexia. Deep dyslexia,
though rare, requires specific tests to diagnose, which
are beyond the scope of the Mariette.

Another methodological concern raised by our peers
relates to the fact that we allowed children to use their
finger to follow the text while reading. This decision
was made based on the young age of some participants
and the observation that this strategy was commonly
encouraged by their teachers to help maintain their
place in the text. In other words, we accepted this
caveat in order to create a more natural reading
context and to ensure that children had the best
chance to perform at their highest level. However, this
approach may have reduced the occurrence of letter
position errors, particularly among the youngest chil-
dren, who were the most likely to use their finger
while reading (Friedmann & Rahamim, 2014). It would
be valuable in future studies to confirm our findings
under stricter conditions, such as by instructing all chil-
dren not to use their finger to guide their reading.

In summary, the Mariette should be seen as one com-
ponent of a broader set of tests used to form a compre-
hensive dyslexia diagnosis. Its standards help guide the
interpretation of a child’'s reading errors, determining
whether they fall within the expected range or if a
higher number of errors in certain categories signals
an underlying disorder, warranting further testing.

Conclusion

Our measurements show that the Mariette is a valid and
reliable test for assessing reading speed, accuracy and
specific errors in primary school children. What makes
it so useful is the details that it provides about the
nature of the errors a child makes. The developmental
changes that we observed in the proportions of errors
made by children according to their grade level
provide practitioners and teachers with benchmarks
that can help them place each pupil on a developmental
scale and provide them with appropriate support.
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