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Abstract

Orthographic depth varies across alphabetic writing systems and plays a central role in
spelling acquisition. In immersion education, a second language (L2) is used as a language
of instruction for part of the curriculum, such that learners are primarily confronted with
its writing system during the initial stages of literacy development. This early exposure
may shape the spelling strategies subsequently deployed in the first language (L1), which
also corresponds to the dominant language of the surrounding community. This article
provides a structured review of key mechanisms involved in spelling acquisition, ortho-
graphic depth, and cross-linguistic influence in bilingual and immersion contexts. On this
basis, it proposes a conceptual and predictive framework specifying how the orthographic
depth of the instructional language modulates spelling strategies and spelling error profiles
in L1. Focusing on French-speaking pupils enrolled in immersion programmes with L2s
characterised by either predominantly phonemic or opaque orthographies, the framework
integrates strategy-based models of orthographic development. The model distinguishes
phonological, lexical, and morphographic components of orthographic knowledge and
predicts that immersion in phonemic-dominant orthographies favours phonographic domi-
nance and regularisation patterns, whereas immersion in opaque orthographies promotes
greater reliance on lexical–orthographic strategies, resulting in distinct and systematic
spelling error profiles in French.

Keywords: orthographic depth; immersion education; bilingual spelling; French orthography;
cross-linguistic influence

1. Introduction
Spelling acquisition represents one of the most challenging aspects of literacy devel-

opment in alphabetic writing systems. Unlike reading, which can often rely on partial or
approximate word recognition, accurate spelling requires the precise retrieval and pro-
duction of orthographic representations, making it particularly sensitive to the structural
properties of writing systems. Written language plays a central role in contemporary
societies, functioning both as a primary medium of communication and as a gateway to
knowledge. Its acquisition is shaped by multiple factors, including the structural properties
of the writing system, the learning context, and early literacy experiences (Share, 1995).
Orthographic systems differ considerably in the extent to which spelling can be deduced
from phonology. This variation, commonly captured by the notion of orthographic depth,
refers to the degree to which a written language deviates from simple one-to-one grapheme-
phoneme correspondence (Frost et al., 1987; Seymour et al., 2003; Ziegler & Goswami,
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2005). Although no natural orthography is fully transparent in this strict sense, writing
systems nevertheless differ markedly in the probabilistic reliability of phoneme–grapheme
mappings (Marjou, 2021). In orthographies commonly described as transparent, spelling
can be derived largely from phonological information, whereas in more opaque orthogra-
phies, accurate spelling requires the integration of lexical, contextual, and morphological
constraints (Perfetti, 2003; Perfetti & Dunlap, 2008). These structural differences are known
to influence both the pace and the nature of literacy acquisition across languages (Seymour
et al., 2003; Share, 2008; Verhoeven & Perfetti, 2011).

In bilingual learners, literacy development is further shaped by the interaction of two
linguistic systems rather than by independent, language-specific trajectories (Bialystok,
2017; Koda, 2008). Research on bilingual reading and spelling has documented cross-
linguistic influence at multiple levels, including phonological processing, sensitivity to
orthographic patterns and morphological awareness (Commissaire et al., 2011; Cummins,
2007; Deacon et al., 2009; Geva & Wang, 2001). These findings suggest that written language
skills rely on partially shared cognitive and linguistic resources that can be reorganised
across languages. Research on emergent biliteracy also indicates that bilingual children may
exhibit coordinated patterns of literacy development across languages, such that progress
in one language is often associated with progress in the other, reflecting the contribution
of partially shared cognitive and linguistic resources (Soltero-González & Butvilofsky,
2016). Together, this line of work provides the necessary background for examining how a
bilingual experience may reshape spelling behaviour.

Unlike naturally occurring bilingualism, immersion education provides a relatively
controlled context for examining cross-linguistic influences on literacy development. Learn-
ers typically share the same first language, the same sociolinguistic environment, and
broadly comparable educational experiences, thereby reducing variability associated with
factors such as age of acquisition, language dominance, home language use, and literacy
exposure. Consequently, differences observed across immersion contexts can be more
plausibly attributed to characteristics of the instructional language and its writing system.
In immersion settings, a second language serves as the primary medium of instruction
for a substantial portion of the curriculum, resulting in sustained exposure to its written
system during the acquisition of reading and writing skills (Genesee, 2006; Tedick et al.,
2011). Given that written language is practised in all academic fields, the orthographic
properties of the instructional language are likely to shape the spelling strategies developed
by learners, with potential consequences extending beyond the instructional language itself
(Durgunoğlu, 2002; Koda, 2008). A recent systematic review by Oshchepkova et al. (2023),
covering studies published between 1979 and 2022, highlights the combined influence of
orthographic structure, instructional language and educational context on bilingual literacy
outcomes. While this work provides a comprehensive synthesis of empirical findings on the
subject, its aim is not to formalise predictive theoretical models specifying how particular
properties of the instructional language—such as orthographic transparency—can reorgan-
ise spelling strategies and error profiles in the first language. More generally, most existing
approaches to cross-linguistic influence in spelling focus on the transfer of specific forms or
rules—e.g., phoneme–grapheme correspondences or orthographic patterns—rather than on
the transfer of spelling strategies shaped by the structural properties of the writing system.

The present article addresses this gap by proposing a conceptual and predictive
framework linking the orthographic transparency of the instructional language to spelling
strategy selection and to systematic spelling error profiles in the first language. Using
French as an illustrative case, the framework articulates explicit predictions regarding the
types of spelling errors expected under transparent and opaque immersion contexts. The
model is informed by empirical observations drawn from immersion education settings
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in Belgium, where French-speaking children acquire literacy through English (Burgi &
Jeanjean, 2025), Dutch (Bongini, 2025) or German (Herpich, 2025; Molitor, 2025). Crucially,
the framework adopts a gradient and probabilistic conception of orthographic transparency.
Early attempts to operationalise orthographic depth already proposed that differences be-
tween alphabetic writing systems should be conceived as gradient rather than categorical.
Using data-oriented learning algorithms, van den Bosch et al. (1994) demonstrated sys-
tematic differences in the generalisation difficulty of grapheme–phoneme correspondences
across English, French and Dutch, and argued that relative differences between languages
are more informative than absolute performance values. More recent computational ap-
proaches have extended this logic by providing continuous, probabilistic estimates of
orthographic transparency across a wider range of languages. In particular, Marjou (2021),
using an artificial neural network trained on phoneme–grapheme and grapheme–phoneme
translation tasks, reports markedly low phoneme-to-grapheme predictability for French
(≈28%) and English (≈36%), compared to substantially higher, though non-maximal, scores
for Dutch (≈73%) and German (≈69%)1.

On this basis, the Belgian immersion context provides a particularly relevant setting
to examine how early exposure to instructional languages with contrasting degrees of or-
thographic predictability—phonemically dominant but morphophonemically constrained
systems (Dutch, German) versus highly opaque systems (English)—probabilistically shapes
spelling strategies in French literacy acquisition. Importantly, because French, English,
Dutch and German share a common alphabetic architecture and Latin script while differing
substantially in orthographic transparency, immersion education offers a unique opportu-
nity to examine the effects of orthographic depth while limiting variation associated with
script or writing-system architecture. Within this perspective, immersion is expected not to
produce categorical outcomes, but to modulate the likelihood of specific types of spelling
errors as a function of the statistical regularities internalised through the instructional
language. The proposed framework thus targets children who begin literacy acquisition in
an instructional language other than French, focusing on the early stages of subsequent
French spelling development, before stable and automatised French orthographic routines
have become established. It does not assume that all learners will systematically display
the predicted patterns, nor does it construe such patterns as indicators of disorder. Instead,
it offers a principled interpretative framework for atypical spelling errors—i.e., errors
not typically observed in monolingual French-speaking learners—that are more likely to
occur in immersion contexts and could otherwise be misinterpreted as signs of dyslexia
or dysorthographia.

To situate this framework theoretically, the article first reviews core mechanisms of
spelling acquisition in alphabetic writing systems and then examines bilingual spelling
development and cross-linguistic influence. Building on this foundation, it introduces a
strategy-based model of immersion-induced spelling reorganisation. The article concludes
by formulating a set of testable predictions regarding French spelling error profiles under
transparent and opaque immersion conditions.

2. Theoretical Background
2.1. Foundations of Spelling Acquisition in Alphabetic Writing Systems
2.1.1. Core Component of Spelling and Their Differential Weighting

From a psycholinguistic perspective, orthographic knowledge refers to the informa-
tion stored in memory that supports accurate word recognition and spelling (Apel, 2011).
In the framework proposed by Apel et al. (2019), this knowledge is instantiated in men-
tal graphemic representations (MGR), defined as lexical-level representations of written
words that enable rapid and accurate access during reading and spelling. These representa-
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tions constitute the orthographic lexicon and are progressively built and refined through
exposure to print.

In alphabetic writing systems such as French, English, German and Dutch, spelling re-
lies on mastery of the alphabetic principle—i.e., the understanding that written symbols en-
code the phonological structure of spoken words through systematic, but language-specific,
graphemes–phonemes correspondence (Ehri, 1997). However, the extent to which correct
spelling can be derived from phonology varies across languages (Ziegler & Goswami, 2005).
In more transparent orthographies, a large proportion of spelling can be recovered from
speech, whereas in more opaque systems, accurate spelling requires increased sensitivity to
orthographic, morphological and syntactic constraints that are not directly recoverable from
phonological information (Borleffs et al., 2019). From this perspective, spelling competence
can be described as comprising three interrelated components: phonological, lexical and
grammatical spelling.

Phonological spelling is grounded in the principle of phonography and relies on the
ability to encode spoken forms through systematic phoneme–grapheme correspondences.
It involves the combinatorial assembly of graphemes from a limited inventory according to
language-specific rules. In alphabetic languages, this component depends on knowledge of
regular phoneme–grapheme mappings and mainly supports the encoding of unfamiliar
words (Fayol, 2009). Lexical spelling refers to word-specific written forms that are stored in
memory through exposure to print. It supports the selection of the conventional spelling
when phonology alone is not sufficient, such as when several spellings correspond to the
same phonological form or when conventional markers—e.g., diacritics, capital letters—are
required to meet orthographic norm. Within this component, sensitivity to graphotactic and
orthotactic constraints—i.e., probabilistic regularities governing the distribution of letters
and letter sequences—facilitates spelling by restricting the range of plausible spellings
and reinforcing conventional lexical patterns (Treiman & Kessler, 2025). Lexical spelling is
also supported by derivational morphology, as morphological families share orthographic
structure across related words and can help stabilise lexical spellings through network-
based support (Ruberto et al., 2025). Finally, Grammatical spelling refers to the encoding of
morphosyntactic distinctions, independently of phonological recoverability. It concerns
cases where the selection of the correct written form depends on the grammatical category,
syntactic function or agreement relations between words, rather than on phonology or
lexical identity. This includes subject–verb agreement, agreement within the noun phrase,
agreement conditioned by the direct object, as well as grammatical homophones whose
resolution requires morphosyntactic analysis (Fayol, 2009). Accurate grammatical spelling
requires the identification of grammatical categories and syntactic relations, as well as the
integration of abstract morphosyntactic features that are often phonologically silent. Its
acquisition relies heavily on explicit instruction and metalinguistic awareness (Arseneau &
Nadeau, 2018).

In alphabetic writing systems, reading and spelling are closely interrelated, as both
rely on shared knowledge of the alphabetic principle and of conventional orthographic
forms (Ehri, 1997). Spelling, however, is generally more demanding than reading: proficient
readers can recognise far more written words than they can spell accurately. This asymmetry
reflects fundamental differences in the cognitive operations involved. Reading primarily
relies on recognition processes that tolerate partial or approximate matching between
visual input and stored representations, whereas spelling requires the precise retrieval and
reconstruction of all graphic features of a word, including elements that are not directly
recoverable from phonology (Holmes & Carruthers, 1998; Treiman et al., 2025). As a
result, spelling places greater demands on the integration of phonological, lexical and
morphographic knowledge.
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During early literacy development, children rely heavily on phonological mediation
strategies for both reading and writing. Within the self-teaching framework (Share, 1995,
2008), phonological decoding plays a central role in establishing initial links between writ-
ten and spoken forms, thereby supporting the emergence of orthographic representations
from the earliest stages of reading (Nation et al., 2007). As decoding becomes more au-
tomated, orthographic learning becomes more efficient (Bosse, 2015; Cunningham, 2006).
However, spelling acquisition does not depend on decoding alone. The consolidation
of orthographic representations also depends on efficient whole-word letter processing,
linked to visual–attentional resources, which promotes exhaustive and sequential letter
processing and strengthens orthographic learning through motor engagement (Bosse et al.,
2015). Through repeated reading and writing experiences, children gradually build an
increasingly stable and differentiated internal spelling repertoire, supporting both rapid
word recognition and accurate spelling.

From a theoretical standpoint, spelling in an alphabetic system would be maxi-
mally efficient if grapheme–phoneme and phoneme–grapheme correspondences were
perfectly regular and predictable, allowing spelling to rely on phonological segmentation
alone. In practice, however, only a small number of languages approach this ideal—e.g.,
Finnish, Turkish—while most alphabetic writing systems depart from it to varying degrees
(Seymour et al., 2003). These differences are commonly described in terms of orthographic
consistency, that is, the degree of regularity in the correspondences between orthographic
and phonological codes within a writing system (Fayol et al., 2008). Systems with highly
regular correspondences are typically characterised as transparent—e.g., Dutch, German,
Italian—whereas those involving multiple competing spellings for the same sound or mul-
tiple pronunciations for the same grapheme are considered opaque—e.g., English, French,
Danish—(Caravolas, 2004; Seymour et al., 2003). Importantly, orthographic transparency
does not constitute a categorical distinction but rather a continuum along which alphabetic
systems can be positioned (Caravolas, 2004; Seymour et al., 2003), as captured by various
quantitative indices, such as the proportion of irregular correspondences (Coltheart et al.,
2001), phoneme–grapheme asymmetries (Ziegler et al., 2001), or entropy-based measures of
correspondence uncertainty (Borgwaldt et al., 2004, 2005). Across approaches, greater ortho-
graphic opacity is generally associated with increased demands on spelling, as successful
spelling increasingly requires the coordination of phonological procedures with lexical,
orthographic and morphographic knowledge. This observation suggests that orthographic
depth may influence not only spelling accuracy, but also the relative reliance on different
spelling strategies during literacy acquisition.

Empirical evidence consistently shows that literacy acquisition is faster and less effort-
ful in transparent orthographies than in opaque ones (e.g., Borleffs et al., 2019; Seymour
et al., 2003). A comparative study by Seymour et al. (2003) across European languages il-
lustrates this contrast in word reading: in most languages examined, children achieve basic
reading proficiency—measured in terms of accuracy and fluency—by the end of the first
year of schooling, whereas French and English constitute notable exceptions. Importantly,
this delay is not explained by differences in the age of onset of literacy instruction, but by
cross-linguistic variation in syllabic complexity and orthographic depth. These differences
are formalised by the Orthographic Depth Hypothesis (Katz & Frost, 1992), which posits
that transparent writing systems, characterised by highly regular grapheme–phoneme
correspondences, foster early reliance on phonological decoding strategies, whereas more
opaque systems require greater engagement of lexical–orthographic processing. Recent
quantitative approaches have further suggested that orthographic consistency is best
conceptualised as a continuum of probabilistic regularities rather than a strict transparent–
opaque dichotomy (Siegelman et al., 2020). Nevertheless, substantial cross-linguistic
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differences remain observable in the predictability of orthography–phonology mappings
and in the spelling strategies they are likely to support.

Beyond decoding speed, this transparency advantage extends to the development
of foundational linguistic skills supporting literacy, including phonological awareness
and aspects of morphosyntactic processing (Majorano et al., 2021). From this perspective,
orthographic transparency emerges as a key dimension shaping how learners mobilise
phonological information during reading and spelling: children acquiring transparent
orthographies typically develop phonological awareness earlier than those learning more
opaque systems (Mann & Wimmer, 2002), even though phonological awareness remains
a necessary but not sufficient condition for literacy acquisition across languages (Barrus
et al., 1995). Crucially, the structural properties of writing systems do not merely affect the
pace or efficiency of literacy development but systematically shape the relative weighting
and interaction of phonological, lexical and morphographic processes involved in spelling
(Apel, 2011; Apel et al., 2019; Caravolas, 2004). This strategic reorganisation is central
to understanding cross-linguistic influence in bilingual and immersion contexts and mo-
tivates a predictive framework specifying how different writing systems constrain the
organisation of spelling strategies across learning contexts. Within this framework, a key
question concerns how repeated exposure to orthographic regularities gives rise to stable
mental representations of written forms; a question addressed by the concept of mental
orthographic representations, developed in the following section.

2.1.2. Mental Orthographic Representations of Orthographic Patterns

A central mechanism underlying the organisation of spelling strategies across writing
systems is the development of internal orthographic representations that support efficient
word recognition and production. Classical models of literacy acquisition, such as Ehri’s
amalgamation hypothesis (Ehri, 1997) and Share’s self-teaching framework (Share, 1995,
2008), conceptualise the emergence of lexical orthographic representations as a consequence
of phonemic awareness and phonological recoding: repeated decoding episodes progres-
sively bind phonological and orthographic information, leading to the establishment of
stable word-specific representations in memory.

Building on these foundational accounts, more recent models have proposed a broader
and more interactive conception of orthographic learning. Within the framework proposed
by Apel and colleagues, orthographic knowledge is instantiated in mental graphemic rep-
resentations (MGR), defined as lexical-level representations of written words that support
rapid and accurate access during reading and spelling (Apel, 2011; Apel et al., 2012b, 2019).
Within this framework, phonological knowledge remains an important contributor to or-
thographic learning, but MGR are viewed as emerging through the dynamic interaction
of phonological, orthographic and morphological knowledge. Sublexical orthographic
knowledge—such as phoneme–grapheme correspondences, morpho-orthographic regulari-
ties, and orthotactic constraints—does not constitute stored word representations per se,
but provides critical informational support for the acquisition, consolidation, and updating
of MGR (Apel et al., 2012a). Importantly, this interactive view is supported by empirical ev-
idence suggesting that orthographic sensitivity can emerge earlier and more independently
than assumed in strictly phonology-centred accounts. Young children show sensitivity to
orthographic structure—such as recognising their written name or distinguishing legal
from illegal spellings—before mastering phonological decoding (Wright & Ehri, 2007).
Experimental studies using orthographic fast-mapping paradigms further demonstrate
that preschool children can form initial lexical orthographic representations after minimal
exposure to print, and that such learning predicts spelling performance beyond phonemic
awareness (Nation et al., 2007; Apel et al., 2006).
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Recent work further refines this account. A systematic review by Li and Wang (2023)
confirms the central role of phonological recoding in orthographic learning, while also
highlighting the moderating influence of word-level properties such as orthographic depth,
regularity and frequency. Experimental studies examining the micro-dynamics of learning
during independent reading show that lexical orthographic representations can emerge
rapidly but vary in precision depending on the reliability of phoneme–grapheme mappings
(Tucker et al., 2016). Computational modelling similarly demonstrates how repeated expo-
sure to statistical regularities in print leads to progressively more precise lexical graphemic
representations (Chang, 2023; Chang et al., 2020; Monaghan, 2023). The development and
consolidation of MGR are closely linked to lexical quality. According to the Lexical Quality
Hypothesis (Perfetti, 2017), fluent reading and spelling depend on the precision and integra-
tion of orthographic, phonological and semantic information at the word level. Empirical
studies consistently show that both general orthographic knowledge and word-specific
lexical representations predict reading and spelling performance, notably through their
effects on lexical access (Abdalkareem & Ahmed, 2025; Ouellette & Sénéchal, 2008; Treiman
et al., 2025; Treiman & Kessler, 2019). Wegener et al. (2018) show that children can generate
orthographic skeletons from the phonological form of novel words prior to any visual
exposure, and that the quality of these preliminary representations predicts subsequent
reading ease. Within a lexical quality framework, such findings can be interpreted as
evidence that factors contributing to richer lexical representations—among which semantic
richness is classically assumed—support orthographic consolidation and the emergence
of more robust and accessible mental graphemic representations (MGR) (Wegener et al.,
2018, 2022). In line with this view, several studies have also highlighted the early stability
and gradual refinement of MGR in structured literacy contexts, such as adult-led storybook
reading tasks, where repeated and sustained exposure to print facilitates orthographic
learning (Apel, 2010; Apel et al., 2012a; Brimo, 2013). Evidence from atypical or at-risk
populations reinforces this perspective. Children with language impairment, from low-SES
backgrounds, or exposed to non-standard dialects tend to form fewer or less stable lexical
orthographic representations and show reduced sensitivity to orthotactic regularities (Apel
et al., 2012a; Wolter & Apel, 2010).

Taken together, this body of evidence supports an interactionist view in which lexical
orthographic representations (MGR) emerge from a probabilistic learning system integrat-
ing phonological, orthographic and morphological regularities derived from both spoken
and written input. Rather than reflecting a linear or stage-like progression, orthographic
learning results from the coordinated growth and interaction of multiple sources of linguis-
tic knowledge. This perspective provides a principled foundation for interpreting spelling
development, spelling errors and cross-linguistic influence across writing systems, and
directly informs the predictive framework proposed in the present study.

2.1.3. Typology of Learners’ Spelling Errors

Spelling errors are a normal feature of early writing development and have been
described through classification frameworks targeting different dimensions of the ortho-
graphic system. A well-established typology proposed by Catach (Catach, 1980; Catach
et al., 1980) distinguishes several major categories of errors in children’s written French.
Phonetic or extragraphic errors reflect difficulties in the perception, analysis, or segmen-
tation of the speech stream and include phoneme omissions or substitutions, confusions
between phonologically similar sounds, and inappropriate segmentation of spoken lan-
guage. Phonogrammic errors arise when an inappropriate grapheme is selected among
several possible spellings for the same phoneme. In opaque orthographic systems such
as French, they reflect partial mastery of phoneme–grapheme correspondences and diffi-
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culties in selecting context-appropriate graphemic forms. Morphogrammic errors concern
the written encoding of grammatical and derivational morphemes—e.g., gender, number,
person, tense. Their relative frequency tends to increase over development, not because
morphosyntactic knowledge is absent at early stages, but because written language pro-
gressively involves more complex syntactic structures and morphological distinctions.
Homophone errors reflect difficulties in mapping identical phonological forms onto distinct
orthographic representations. In French, they stem from the semiographic dimension of the
writing system, as correct spelling requires access to lexical representations—e.g., /s/SÃ/:
champ (field) vs. chant (song)—and, in many cases, grammatical information—e.g., /sÕ/:
son (his) vs. sont (are); /a/: a (has) vs. à (to). Finally, non-functional or ideographic errors
concern graphic conventions such as capitalisation, punctuation, apostrophes, or hyphen-
ation in compound words. Although these elements contribute to textual organisation
and meaning, errors affecting them do not directly involve phonological or morphological
encoding. Overall, this typology highlights the multidimensional nature of spelling and
underscores that spelling errors cannot be reduced to phonological inaccuracies alone,
but instead reflect the interaction of phonological, orthographic, lexical, and grammatical
processes.

More recent spelling analysis grids are grounded in the Triple Word Form Theory
(Daffern et al., 2015; Richards et al., 2006), which conceptualises spelling as the coordi-
nated encoding of phonological, orthographic, and morphological dimensions of word
knowledge. This framework provides a principled basis for classifying spelling errors
according to the primary locus of difficulty. From this perspective, phonological errors
reflect difficulties in phonemic analysis or segmentation—e.g., omissions, substitutions,
inversions—and are most frequent at the earliest stages of spelling acquisition, when
children rely heavily on phonological mediation. Their incidence typically decreases as
phonemic awareness and basic phoneme–grapheme correspondences are established (Bahr
et al., 2012; McMurray, 2020). Orthographic (graphotactic) errors arise when letter se-
quences violate the distributional constraints of the writing system despite an accurate
phonological representation. They tend to become predominant once basic phonological
encoding is in place, as spelling increasingly depends on the consolidation of an ortho-
graphic lexicon and sensitivity to letter-sequence regularities (Bahr et al., 2012). Finally,
morphological errors involve the encoding of grammatical and derivational information—
e.g., inflectional markers, grammatical homophones, word-family morphemes. As already
noted by Catach (1980), their relative frequency tends to increase over development, not
because morphological knowledge is initially absent, but because written language pro-
gressively requires the management of more complex morphosyntactic relations and less
frequent morphological forms (Bahr et al., 2012; Mossing, 2009).

Such a developmental progression supports the view that phonological, orthographic
and morphological resources are available from the earliest stages of spelling acquisition but
follow partially independent developmental trajectories. The distribution of spelling errors
can therefore be interpreted as a window onto the relative organisation and maturation
of these representational systems, providing a sensitive indicator of learners’ spelling
strategies and underlying linguistic knowledge (Niolaki et al., 2023).

2.2. Bilingual Spelling and Cross-Linguistic Transfer

Access to biliteracy—i.e., the development of reading and spelling skills in two
languages—is shaped by multiple linguistic factors, among which the structural prop-
erties of the writing systems involved play a central role (Bijeljac-Babic, 2017). When
two languages rely on comparable writing systems, learners can mobilise overlapping
cognitive operations, such as phonemic analysis or alphabetic decoding, which facilitates
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cross-linguistic transfer and supports the development of metalinguistic skills (Nocus,
2024). Conversely, greater structural distance between writing systems increases cognitive
demands and requires more explicit learning. From this perspective, biliteracy develop-
ment cannot be understood solely in terms of language exposure or proficiency but must
be examined through the ways bilingual learners mobilise, coordinate, and reorganise
linguistic resources across writing systems. Spelling acquisition in particular relies on a
dynamic interplay between intralinguistic resources—i.e., language-specific phonological,
lexical, morphosyntactic, and orthographic knowledge supporting spelling within each
language—and interlinguistic resources, which emerge from the relationships learners
establish between their two languages (Dressler, 2002). Intralinguistic resources include,
for example, the use of oral language competence to plan written productions, encode
unfamiliar words, and access stored orthographic representations or language-specific
spelling patterns (Bauer et al., 2017). Interlinguistic resources, by contrast, allow children
to draw on shared properties across languages and to mobilise knowledge acquired in
one system when processing written language in the other. Through such cross-linguistic
strategies, bilingual learners support the transfer of partially shared skills across languages,
including phonemic awareness, alphabetic knowledge, and aspects of morphological rea-
soning (Carlisle & Beeman, 2000; Gort, 2006; Soltero-González & Butvilofsky, 2016). This
resource-based perspective provides a principled framework for examining cross-linguistic
transfer in bilingual spelling, both at the level of surface forms and at the level of underlying
spelling strategies.

Research on emergent biliteracy shows that bilingual children often activate both
linguistic systems during written production rather than treating them as independent
codes. Accordingly, Soltero-González et al. (2012) and Soltero-González and Butvilofsky
(2016) document a wide range of manifestations of interlinguistic interaction in writing,
including code-switching, phonographic and syntactic transfer, intralexical mixing, literal
translation, lexical borrowing, and punctuation transfer, illustrating how bilingual writers
flexibly mobilise resources across languages. The direction and magnitude of this cross-
linguistic mobilisation depend on factors such as typological proximity, orthographic
structure, and the amount and nature of exposure to each written code (Durgunoğlu, 2002;
Genesee & Jared, 2008; Koda, 2008). When children learn to read and write in two alphabetic
systems, some degree of cross-linguistic interaction is therefore inevitable, although its
form varies across educational contexts and cannot be reduced to simple interference or
facilitation effects.

Although interlinguistic interactions in writing are well documented, the concept of
transfer covers a range of heterogeneous phenomena that are not always clearly distin-
guished in the literature. One well-studied form is formal—or representational—transfer,
whereby orthographic units, patterns, or conventions from one language are carried over
into another. This includes the use of non-target phoneme–grapheme correspondences, the
intrusion of language-specific letter sequences, or the extension of orthographic conven-
tions such as consonant doubling or capitalisation beyond their licensed domains (Deacon
et al., 2009; Koda, 2008).

Beyond surface-level transfer, cross-linguistic influence also operates at the level of
processing routines and spelling strategies. Rather than involving the direct importation
of specific orthographic forms, it affects the relative mobilisation of phonological, lexical,
and morphographic resources during spelling. Depending on their experience with each
writing system, bilingual learners may rely more heavily on phonological encoding, lexical–
orthographic retrieval, or morphological information (Bialystok, 2017; Geva & Wang, 2001),
with systematic consequences for spelling behaviour that are not always directly visible in
written products.
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At a more abstract level, strategic transfer reflects the generalisation of expectations
about how writing systems function. Through sustained engagement with a given orthog-
raphy, learners develop implicit assumptions about the reliability of phoneme–grapheme
correspondences, the role of contextual constraints in grapheme selection, or the need to
memorise word-specific spellings. These procedural biases guide spelling decisions across
languages, such that transfer operates primarily at the level of strategies shaped by the
structural properties of writing systems, rather than through isolated orthographic units
(Bahr et al., 2015).

Although these dimensions of transfer are analytically distinct, empirical studies of
bilingual writing often conflate them by focusing primarily on formal transfer and surface
similarities between languages (Koda, 2008; Oshchepkova et al., 2023). Such approaches
offer limited insight into the mechanisms underlying spelling behaviour, particularly in
educational contexts involving sustained exposure to a single instructional language. In
these contexts, what appears as interlinguistic transfer may instead reflect deeper reorgani-
sations in the relative weighting of phonological, lexical, and morphographic processes in
spelling (Niolaki et al., 2023). Crucially, this does not imply that immersion learners are
naïve with respect to the written form of their first language. Even when literacy teaching is
initiated in another language than French, children are exposed to written French through
environmental print, family practices, and early school activities. However, this situation
differs fundamentally from sequential or late biliteracy, in which literacy is first acquired
in one language and later extended to another. In such cases, prior literacy entails more
advanced metalinguistic skills and explicit orthographic knowledge that can be deliberately
mobilised when learning a second writing system. In early immersion contexts, by contrast,
children encounter two writing systems at the very onset of literacy acquisition, before these
analytical resources are fully established. Cross-linguistic influence is therefore expected
to operate primarily through the shaping of emerging spelling strategies, driven by early
procedural experience with the instructional orthography, rather than through the transfer
of explicit orthographic knowledge.

Taken together, these considerations suggest that interlinguistic influence in immersion
education primarily reflects strategy-level adaptations shaped by sustained exposure to the
instructional orthography. The following section examines how such adaptations give rise
to systematic patterns of cross-linguistic influence.

3. Predicted Spelling Error Profiles in Immersion Context:
A Conceptual Model

Against this background, immersion education can be characterised as a learning
context in which a second language is used systematically as a medium of instruction
across academic domains, leading to sustained exposure to its written system during criti-
cal phases of literacy development (Genesee, 2006; Genesee & Jared, 2008). In contrast to
more traditional forms of second language instruction, which typically involve sequential
biliteracy, immersion education entails the early and concurrent engagement of two writing
systems. From a psycholinguistic perspective, this configuration makes the instructional
language a dominant source of orthographic experience. Because reading and writing
are continuously mobilised to support subject learning, the orthographic properties of the
instructional language are repeatedly engaged and progressively integrated into learners’
spelling routines. The present framework is therefore intended primarily for early and rela-
tively intensive immersion programmes in which literacy instruction is initially delivered
through the immersion language, allowing dominant spelling strategies associated with
that orthography to become established through repeated literacy practice. Over time, this
sustained engagement is likely to shape how learners approach spelling tasks, not only in
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the instructional language but also in their first language (Durgunoğlu, 2002; Koda, 2008;
Koda & Zehler, 2008). Research on bilingual literacy has documented cross-linguistic effects
on phonological processing, sensitivity to orthographic patterns, and morphological use
(Commissaire et al., 2011; Cummins, 2007). However, these effects are most often described
in terms of observable outcomes, with comparatively little attention paid to the underlying
mechanisms. The degree to which long-term exposure to a particular writing system alters
the relative importance of phonological, lexical, and morphographic resources in spelling
is not fully understood.

Within the proposed predictive framework, cross-linguistic influence is expected to de-
pend on the type of orthographic constraints imposed by the instructional language. In this
respect, the distinction between phonemically dominant—i.e., transparent—and opaque
orthographies is particularly informative. Phonemically dominant systems, characterised
by highly consistent phoneme–grapheme correspondences, support efficient phonographic
encoding, whereas opaque systems require greater reliance on lexical–orthographic repre-
sentations, contextual constraints, and morphographic information. Dutch and German
illustrate the former configuration. Although both encode morphophonemic regularities,
these constraints primarily serve to maintain stem consistency and do not undermine the
reliability of phonographic encoding at the segmental level. As a result, spelling strategies
developed in these systems remain predominantly phonographic during early literacy ac-
quisition. When such orthographies function as languages of instruction, they are therefore
expected to promote specific strategic orientations toward spelling.

Taken together, these considerations motivate a model that conceptualises cross-
linguistic influence in immersion education, not as the transfer of isolated forms or rules,
but as the outcome of systematic shifts in spelling strategy organisation induced by sus-
tained exposure to the orthographic properties of the instructional language. The con-
ceptual model presented in Figure 1 predicts that, for French-speaking pupils enrolled
in immersion programmes, spelling errors in French reflect systematic consequences of
dominant spelling strategies shaped by the orthographic properties of the instructional
language (L2). When applied to French, an opaque writing system, these biases give rise to
distinct and predictable spelling error profiles.

Building on the conceptual model presented in Figure 1, the following sections for-
mulate a set of theory-driven predictions regarding spelling error profiles in French under
immersion education. The framework assumes that prolonged exposure to an instructional
orthography shapes spelling primarily through the transfer of dominant encoding strategies
rather than isolated forms. Consequently, the predicted error patterns are interpreted as
systematic zones of vulnerability arising from the interaction between immersion-induced
strategic biases and the structural properties of French.

3.1. Predicted Spelling Errors Profiles in French Spelling Under Transparent L2 Immersion

The predictions formulated in Figure 1 are grounded in cross-linguistic differences in
the probabilistic reliability of phonographic encoding procedures. Quantitative analyses
of orthographic depth consistently show that phoneme–grapheme mappings are substan-
tially more reliable in Dutch and German—despite the presence of morphophonemic
constraints—than in French or English (van den Bosch et al., 1994; Marjou, 2021). As a
result, phonographic encoding yields correct spellings in most cases in Dutch and Ger-
man, but in only a minority of cases in French and English, a contrast that favours the
early dominance of phonographic strategies in immersion contexts (Durgunoğlu, 2002;
Koda, 2008).

Consistent with the Orthographic Depth Hypothesis (Katz & Frost, 1992; Seymour
et al., 2003) and strategy-based models of spelling development (Ehri, 1997; Share, 1995,
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2008), repeated use of highly reliable phonographic procedures is expected to promote
their procedural dominance during literacy acquisition. When transferred to French—an
orthography in which phonographic encoding is only partially informative—such strategy-
level biases are predicted to generate systematic regularisation patterns. Importantly, the
resulting spelling errors do not reflect deficient phonological representations or learning
failure, but rather the transfer of encoding procedures that are optimal in the instructional
language yet only partially compatible with the structural constraints of French spelling.

Figure 1. Conceptual model of strategy-driven cross-linguistic influence in immersion spelling.

3.1.1. Phonological/Phonographic Spelling

Because phoneme–grapheme conversion is substantially more reliable in the instruc-
tional language than in French, learners are biased towards phonographic encoding proce-
dures which, when transferred to French, are predicted to generate systematic regularisa-
tion patterns.

Prediction 1—Concentration of errors spelling domains incompatible with phono-
graphic encoding

Under transparent L2 immersion, spelling errors in French are predicted to cluster
in domains where phoneme-grapheme conversion alone is insufficient to recover the
conventional written form. A first source of vulnerability concerns vocalic units with low
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phonographic recoverability, whose orthographic realisation cannot be derived through
linear phoneme–grapheme mapping (see Table 1 for illustrative examples).

French nasal vowels provide a clear illustration of this mismatch. Their spelling can-
not be recovered reliably from phonology alone because the same phonological unit may
correspond to multiple graphemic forms and because correct spelling often depends on
lexical or morphographic knowledge. Consequently, learners relying predominantly on
phonographic encoding are expected to experience particular difficulty in these domains.
This vulnerability may be further reinforced by cross-linguistic differences in the phono-
logical status of nasalisation. Unlike French, Germanic languages generally do not treat
nasal vowels as independent phonemic categories (Altvater-Mackensen & Fikkert, 2007;
Broeders & Gussenhoven, 2025; Garrott, 2006). Learners are therefore predicted to rely on
graphophonological approximations when encoding French nasal vowels, despite accurate
perception of the target phonological form. Similar mechanisms are expected for complex
vocalic configurations, such as vowel–glide sequences, whose spelling cannot be derived
though phonological assembly alone and must instead be learned as part of stabilised
orthographic representations during literacy development.

A second source of vulnerability concerns context-dependent grapheme selection. In
French, many phonemes have multiple possible graphemic realisations whose selection
depends on orthographic context rather than on phonology alone. This is the case for
consonants whose pronunciation varies according to the following vowel or for conso-
nant doubling used to encode phonemic contrasts. Learners relying predominantly on
phonographic encoding are therefore predicted to mismanage these alternations, producing
errors reflecting the difficulty in integrating phonological information with graphotactic
constraints, a pattern already documented in monolingual development and expected
to be amplified under immersion in a highly transparent orthography (Treiman et al.,
2025; Treiman & Kessler, 2019; Bassetti, 2008; Treiman & Kessler, 2014) (see Table 1 for
illustrative examples).

Prediction 2—Over-application of L2-dominant consonantal encoding procedures
In immersion contexts with phonemically transparent instructional languages such

as Dutch or German, highly reliable and procedurally dominant consonantal encoding
(Borleffs et al., 2019; Llaurado & Dockrell, 2020; Protopapas & Vlahou, 2009) are expected
to extend beyond the instructional language and shape spelling behaviour in French. This
over-application is expected to follow a continuum ranging from the preferential selection
of the most transparent and procedurally reliable French graphies among competing option
to the transfer of consonantal encoding procedures from the instructional language that
have no direct equivalent in the French orthographic system.

When French offers multiple graphemic options for encoding the same phoneme,
this bias is illustrated by consonantal choices that maximise phonographic transparency.
The phoneme /k/ provides a clear illustration. In both Dutch and German, k constitutes
the dominant and most transparent graphemic representation of /k/, whereas alternative
spellings occur under more restricted lexical or positional conditions (Instituut voor de
nederlandse taal, 2026; Bredel & Wöllstein, 2023). When transferred to French spelling, this
L2-shaped procedural bias is predicted to favour the overuse of k—or ck—at the expense
of French conventions, even though c is statistically the most frequent representation of
/k/ in French (see Table 1 for illustrative examples).

This same procedural bias may also extend beyond competition among existing French
graphies, leading learners to apply highly automatised L2 graphemic procedures that have
non-productive equivalent in French orthographic system. In such cases, learners are
predicted to transfer L2-dominant encoding procedures directly, resulting in orthographic
intrusions rather than in the selection of an alternative French grapheme (Niolaki et al.,
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2023). A typical example concerns the encoding of /S/. In French, this phoneme is stably
and predominantly encoded by the digraph ch. In German, by contrast, /S/ is systematically
encoded by the highly frequent trigraph sch. When transferred to French spelling, this
automatised orthographic procedure may be imported directly. In this case, the error
does not reflect competition between French graphies, but the intrusion of an L2-specific
encoding routine (see Table 1 for illustrative examples).

Importantly, these patterns do not reflect transfer from the first-acquired language
per se, but rather the influence of the instructional language as the dominant source of
orthographic procedural knowledge during literacy development (Deacon et al., 2009, 2013;
Koda, 2008). Comparable consonantal regularisation effects have been reported in bilingual
spelling involving Germanic languages (Niolaki et al., 2023).

3.1.2. Lexical Spelling

Prediction 3—Reduced mobilisation of lexical–orthographic representations in French
Under transparent L2 immersion, the high efficiency of phonographic encoding re-

duces the need for systematic reliance on stored lexical–orthographic representations
during spelling. Consequently, lexical spelling errors in French are predicted to reflect
under-activation of lexical knowledge rather than poor lexical acquisition.

These errors are expected to concentrate on lexical items whose correct spelling cannot
be reliably inferred from phonology and is only weakly supported by derivational relations.
This includes words containing non-recoverable silent letters as well as cases of lexical
homophony, where phonology provides no guidance and correct spelling depends on
access to word-specific orthographic representations and on the integration of semantic
and contextual information. Unlike grammatical homophones, these errors primarily
reflect difficulties in selecting the appropriate lexical representation rather than failures of
morphosyntactic analysis (see Table 1 for illustrative examples).

Transparent L2 immersion is also predicted to affect peripheral lexical graphic mark-
ers whose encoding depends largely on stored orthographic knowledge rather than on
phonographic procedures. This includes lexical diacritics, whose correct use often cannot
be recovered reliably from phonology alone and therefore relies on established lexical
representations. Consequently, occasional omissions or substitutions of lexical diacritics
may occur, particularly for markers with limited phonological salience (see Table 1 for
illustrative examples). Because diacritical marks are only weakly supported by high-yield
phoneme–grapheme procedures, they are unlikely to become fully integrated into the au-
tomatised spelling routines favoured by transparent orthographies. Errors affecting these
markers are therefore expected to remain relatively infrequent and unstable, reflecting
occasional under-mobilisation of lexical or morphosyntactic information rather than a
fundamental deficit in spelling acquisition.

From an interlinguistic perspective, this vulnerability is not restricted to instructional
languages that lack diacritics, such as Dutch, but is also expected under German immersion.
Although German employs diacritical marks (e.g., umlauts), these fulfil functions that
differ substantially from those of French diacritics and are therefore unlikely to support
the acquisition of French diacritic conventions. Consequently, both Dutch and German
immersion provide limited opportunities for learners to develop stable encoding routines
for these orthographic markers.

3.1.3. Grammatical/Morphographic Spelling

Prediction 4—Increased vulnerability of grammatical markers lacking phonological cues
Finally, transparent L2 immersion is predicted to selectively affect grammatical spelling

domains in French that rely on phonologically silent morphographic markers. Because
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phonographic encoding procedures do not require explicit morphosyntactic computation,
grammatical information that is not audible is less likely to be encoded during spelling.

This vulnerability is expected to manifest in grammatical spelling domains where
correct orthographic choices depend on morphosyntactic information that is not recoverable
from phonology alone. This includes grammatical homophones, verb forms that are
phonologically identical but grammatically distinct, and silent agreement markers for
gender, number, or verbal inflection (e.g., elle est tombé; les chien noir). In each case,
correct spelling requires morphosyntactic computation that is not directly supported by
phonographic encoding procedures.

Although similar surface errors may also occur in other learner populations, the
present framework predicts that, under transparent L2 immersion, such errors arise pri-
marily from the reduced mobilisation of morphosyntactic information during spelling
rather than from weaknesses in grammatical knowledge itself. Together, errors affecting
grammatical homophones, morphologically marked verb forms, and silent agreement
markers illustrate the under-activation of grammatical computation associated with the
procedural dominance of phonographic encoding.

To synthesise the theoretical assumptions and predictions developed in the previous
sections, Table 1 provides an integrated overview of the dominant spelling strategies
induced by transparent L2 immersion and their expected manifestations in French spelling.

Table 1. Predictions derived for phonemically dominant L2 immersion.

Orthographic
Domain Predicted Consequence Typical Error Patterns Underlying Mechanism

Phonological

Concentration of errors
in domains incompatible
with phonographic
encoding

- /ÃfÃ/: enfant → enfen
- /gK@nuj/: grenouille → grenouye
- /gitaK/: guitare → gitare /ZitaK/

Reliance on phonographic
procedures where phonography
alone is insufficient to recover the
conventional form

Over-application of
L2-dominant
consonantal encoding
procedures

- /kaKt/: carte → karte
- /maKS/: marche → marsche

Transfer of highly automatised
phonographic routines acquired
in the instructional language

Lexical
Reduced mobilisation of
lexical–orthographic
representations

- Non-recoverable silent letters: prix
(/pKi/), nez (/ne/)

- Lexical homophones: verre–vert–vers
(/vEK/)

Under-reliance on item-specific
lexical representations despite
adequate lexical knowledge

Peripheral graphic
markers

Weak mobilisation of
conventional
orthographic knowledge

Omission/substitution of lexical diacritics:
forêt → foret; hôpital → hopital)

Limited support from
phonographic procedures

Grammatical/
morphographic

Increased vulnerability
of grammatical markers
lacking phonological
cues

- Grammatical homophones: a/à;
son/sont; ces/ses

- Morphologically marked verb forms:
chanter/chanté (/SÃte/)

- omission of silent agreement markers:
elle est tombée → elle est tombé; les
chiens noirs → les chien noir)

Reduced mobilisation of
morphosyntactic information
during spelling; under-activation
of grammatical computation due
to the dominance of
phonographic encoding
procedures

3.2. Predicted Spelling Errors Profiles in French Spelling Under Opaque L2 Immersion

In contrast to Dutch and German, English is characterised by low and unstable
phoneme–grapheme predictability, which prevents the emergence of a dominant phono-
graphic encoding routine. Under immersion in such an opaque instructional language,
phoneme–grapheme correspondences are too inconsistent to serve as a global organising
principle for spelling. Accurate spelling therefore relies primarily on the mobilisation
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of lexical–orthographic knowledge, supported by frequency, analogy, and global visual
similarity (Katz & Frost, 1992; Seymour et al., 2003; Share, 1995, 2008; Perfetti, 2017).

Research on bilingual literacy and cross-linguistic influence shows that sustained expo-
sure to opaque orthographies promotes increased reliance on lexical-level processing and
orthographic pattern generalisation, rather than on rule-based phoneme–grapheme conver-
sion (Geva & Wang, 2001; Koda, 2008; Deacon et al., 2009). Consequently, lexical–orthographic
procedures are expected to become procedurally dominant in immersion contexts where
English serves as the primary language of literacy instruction. When transferred to French,
this lexical dominance is predicted to generate a spelling profile that contrasts with the phono-
graphic dominance expected under transparent L2 immersion, even when some surface error
types overlap. In this case, errors are expected to be driven primarily by lexical selection
processes and cross-linguistic competition, rather than by phonographic regularisation. Such
errors therefore reflect strategy-level biases shaped by experience with an opaque instructional
orthography rather than surface-level transfer or deficient phonological representations, con-
sistent with recent accounts interpreting spelling errors as indicators of underlying processing
strategies (Bahr et al., 2015; Niolaki et al., 2023).

3.2.1. Phonological/Phonographic Spelling

Prediction 1—Relative preservation of basic phoneme–grapheme encoding accuracy
Under opaque L2 immersion, learners are predicted to show relatively preserved

basic phoneme–grapheme encoding accuracy in French. Because English does not support
a stable, rule-based phonographic strategy, learners are unlikely to develop a dominant
conversion procedure that could be systematically overgeneralised across languages. As a
result, the coherent phonographic regularisation patterns observed under transparent L2
immersion—e.g., k for /k/; sch for /S/—, as well as systematic approximations of complex
vocalic units, are expected to be less frequent.

Importantly, this does not imply the absence of phoneme–grapheme conversion pro-
cesses altogether. French itself exhibits relatively high grapheme–phoneme predictability in
reading, despite much lower phoneme–grapheme predictability in spelling and is therefore
substantially less opaque than English in the reading direction (Marjou, 2021). Furthermore,
in line with the self-teaching hypothesis (Share, 1995, 2008), early and repeated exposure to
French print—particularly through reading—may support occasional attempts to apply
grapheme–phoneme correspondences when spelling.

Given that exposure to reading typically precedes spelling and places lower cognitive
demands on learners, they may attempt to mobilise grapheme–phoneme correspondences
derived from French reading experience when spelling, either by applying French-based
conversions or, more sporadically, by relying on English-derived conversions. However,
because these conversions are not consistently reinforced in spelling and are not supported
by a stable phonographic system, they are unlikely to become proceduralised. Such
attempts are therefore expected to remain local and variable, without giving rise to coherent
regularisation patterns.

This prediction is consistent with models of spelling development showing that, in
opaque orthographies, phonological recoding remains available but does not dominate
spelling behaviour (Bourassa & Treiman, 2003; Share, 2008). The relative preservation of
basic phoneme–grapheme accuracy thus reflects not enhanced compatibility with French
spelling, but the absence of a dominant phonographic bias transferred from the instruc-
tional language.

3.2.2. Lexical Spelling

Prediction 2—Increased lexical–orthographic intrusions and cross-linguistic competition
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Because opaque orthographies require extensive reliance on stored word forms, learn-
ers immersed in English are predicted to develop strong lexical–orthographic dominance.
Within self-teaching and lexical quality frameworks, spelling acquisition in opaque sys-
tems depends heavily on the accumulation of item-specific representations supported
by frequency, exposure and analogy (Share, 1995; Perfetti, 2017). As a result, spelling
behaviour is guided less by procedural encoding routines than by the retrieval of familiar
orthographic patterns.

When transferred to French, this lexical–orthographic bias is expected to generate
cross-linguistic competition at the lexical level, particularly for formally similar items
that share both meaning and partial orthographic structure across languages. Typical
manifestations include the intrusion of English spellings into French written production.
These errors reflect competition between co-activated lexical representations associated
with a shared semantic concept. In bilingual lexical processing, such co-activation is well
documented and gives rise to competition effects at the level of form selection (Dijkstra &
Van Heuven, 2002). In this context, the English orthographic form is more likely to prevail,
as it is typically more frequent and more strongly reinforced in the written input to which
learners are exposed at this stage of spelling development. Under these conditions, the
English form may prevail because it is more strongly reinforced by literacy experience
during this stage of development. More generally, learners immersed in an opaque L2 are
predicted to rely on global visual patterns and analogy-based reasoning when spelling
in French. This may result in spellings that are orthographically plausible and visually
coherent, yet non-conventional within the French system. Importantly, such errors arise
from lexical selection processes rather than from the misapplication of phoneme–grapheme
correspondences, a pattern well documented in research on bilingual literacy and opaque
orthographies (Koda, 2008; Bialystok, 2002).

Prediction 3—Reduced sensitivity to French-specific graphic markers
Learners are predicted to show reduced sensitivity to French-specific graphic markers

that lack systematic or functionally comparable equivalents in the instructional language,
including diacritics and other conventionally specified markers. In opaque orthographies,
spelling is primarily guided by item-based lexical retrieval and by the selection of globally
plausible orthographic patterns under conditions of high uncertainty (Koda, 2008; Perfetti,
2017). Within this organisation, graphic markers that carry limited informational value for
lexical identification receive relatively little strategic weighting. As a result, the encoding
of French-specific graphic markers is expected to remain unstable and peripheral relative
to core lexical spelling processes. This vulnerability is predicted to manifest as omissions,
substitutions, or inconsistent marking of conventionally specified elements, rather than as
systematic mis-encodings. Typical manifestations include the omission or instability of diacrit-
ics in lexically specified forms where accentuation is not supported by phonological contrast
or transparent morphological cues (see Table 2 for illustrative examples). A particularly
illustrative case is provided by événement —/evEn@nÃ/, event—which combines two distinct
diacritics—é and è—within the same word. The second accent is frequently mis-specified
even by proficient French writers, highlighting the limited procedural support available for
diacritic encoding and its strong dependence on item-specific lexical stabilisation.

Superficially similar omissions of diacritics may also occur under transparent L2
immersion. However, the underlying mechanisms differ. Under opaque immersion,
reduced sensitivity to low-salience graphic markers reflects a lexical–orthographic strategy
in which conventionally specified details receive limited weighting relative to overall
word-form coherence. Under transparent immersion, comparable omissions arise from
the dominance of phonographic encoding procedures. Thus, similar surface error patterns
may emerge across immersion contexts while reflecting distinct strategy-level biases. This
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distinction supports the central claim of the present framework that spelling errors should
be interpreted in relation to the underlying processing strategies that generate them rather
than based on error forms alone.

3.2.3. Grammatical/Morphographic Spelling

Prediction 4—Relative preservation of grammatical spelling with persistent vulnera-
bility to grammatical homophones

Grammatical spelling in French is predicted to be relatively preserved in domains
where correct encoding relies on visually specified morphosyntactic markers rather than
on phonological cues. Reduced reliance on phonographic encoding may facilitate greater
attention to orthographic details such as agreement markers and inflectional endings that
are not recoverable from phonology alone. In this respect, lexical–orthographic dominance
may indirectly support the processing of certain grammatical spellings.

However, grammatical homophones are predicted to remain a persistent locus of diffi-
culty under opaque L2 immersion, albeit for reasons that differ fundamentally from those
observed under transparent L2 immersion. In English, grammatical distinctions are only
weakly marked in the written code and rarely require systematic resolution of homophonous
forms through morphosyntactic analysis. Consequently, learners have limited opportunities
to develop and automate procedures that link written form selection to syntactic context.
When transferred to French, this lack of automatised morphosyntactic arbitration is predicted
to constrain the resolution of grammatical homophones (see Table 2 for illustrative examples).
Rather than relying on explicit grammatical computation, learners are expected to favour
lexical familiarity, surface frequency, or default forms when selecting among homophonous
alternatives. Thus, although similar surface errors may be observed across immersion contexts,
the underlying mechanisms differ. Under transparent L2 immersion, grammatical homophone
errors arise from the dominance of phonographic strategies that bypass morphosyntactic
encoding, whereas under opaque L2 immersion they reflect the absence of automatised
morphosyntactic routines capable of constraining lexical selection in context.

To synthesise the theoretical assumptions and predictions developed in the previous
sections, Table 2 provides an integrated overview of the dominant spelling strategies
induced by opaque L2 immersion and their expected manifestations in French spelling.

Table 2. Predictions derived for opaque L2 immersion.

Orthographic Domain Predicted Consequence Typical Error Patterns Underlying Mechanism

Phonological
Relative preservation of basic
phoneme–grapheme encoding
accuracy

Reduced occurrence of
systematic phonographic
regularisations compared
with transparent immersion
contexts: k for /k/; sch for /S/

Absence of a dominant
phonographic encoding routine

Lexical

Increased
lexical–orthographic
intrusions and cross-linguistic
competition

- language → langage;
- example → exemple;
- letter → lettre

Competition between
co-activated lexical
representations and reliance on
familiar orthographic patterns

Peripheral graphic
markers

Reduced sensitivity to
French-specific graphic
markers

intérêt → interet; événement →
évènement/evenement

Reduced strategic weighting of
conventionally specified graphic
details within
lexical–orthographic processing

Grammatical/
morphographic

Persistent difficulties with
grammatical homophones
despite lexical–orthographic
dominance

Grammatical homophones
(a/à; son/sont; ces/ses);

Reliance on lexical familiarity,
surface frequency, or default
forms in the absence of
automatised morphosyntactic
arbitration procedures
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3.3. Synthesis of the Predicted Profiles

In conclusion, the framework predicts that the principal contrast between immersion
contexts lies in the organisation of spelling strategies rather than in the mere presence or
absence of specific error types. Under transparent immersion, phonographic encoding
procedures are expected to become procedurally dominant, shaping spelling through
regularisation and reduced mobilisation of lexical and morphosyntactic information. Under
opaque immersion, lexical–orthographic procedures are expected to assume a dominant role,
increasing reliance on stored orthographic representations and lexical selection processes.

Although certain grammatical or conventionally specified spelling errors may occur
in both contexts, the model predicts that they arise from distinct strategy-level biases.
The central distinction of the framework therefore concerns phonographic versus lexical
dominance as alternative pathways through which orthographic depth may influence
spelling development. Consequently, spelling errors should be interpreted in relation to the
underlying processing strategies that generate them rather than based on their surface form
alone. Consequently, spelling errors should be interpreted in relation to the underlying
processing strategies that generate them rather than based on their surface form alone.

4. Discussion
The present framework invites a shift in how spelling outcomes in immersion educa-

tion are interpreted, moving beyond surface descriptions of cross-linguistic interference
toward an analysis of underlying spelling strategy organisation. Rather than conceptual-
ising cross-linguistic influence as the transfer of isolated forms or rules, the predictions
developed for transparent and opaque L2 immersion point to two distinct modes of strate-
gic organisation shaped by prolonged experience with the orthographic properties of the
instructional language (Koda, 2008; Bahr et al., 2015).

Under transparent L2 immersion, spelling behaviour in French is primarily structured
by the dominance and cross-linguistic transfer of phonographic procedures. This strategic
orientation gives rise to systematic regularisation patterns and coherent error profiles re-
flecting the over-application of highly efficient phoneme–grapheme conversion routines,
in line with the Orthographic Depth Hypothesis and strategy-based models of spelling
development (Katz & Frost, 1992; Seymour et al., 2003; Ehri, 1997; Share, 1995, 2008). Under
opaque L2 immersion, by contrast, the absence of a stable phonographic conversion system
promotes lexical–orthographic dominance —which is also widely used and even dominant
in French, mainly when the first stages of spelling acquisition have been completed, re-
sulting in qualitatively different mechanisms of cross-linguistic influence characterised by
lexical intrusions, analogy-based selection, and visual competition (Koda, 2008; Bialystok,
2002; Perfetti, 2017), rather than by phoneme–grapheme overgeneralisation.

Crucially, comparable surface error patterns may emerge across immersion contexts
while reflecting distinct underlying mechanisms. This dissociation underscores the need to
interpret spelling errors in immersion settings at the level of spelling strategy organisation
rather than in terms of isolated forms or deficit-based accounts (Bahr et al., 2015; Niolaki
et al., 2023). From this perspective, cross-linguistic influence on immersion spelling is
best understood as a reorganisation of the relative weighting of phonological, lexical,
and morphographic resources involved in spelling. This reorganisation is not driven
by the direct transfer of representations from one language to another, but by sustained
engagement with a particular type of orthographic system that progressively biases how
spelling is approached as a problem-solving activity (Durgunoğlu, 2002; Koda, 2008). As
modelled in Figure 1, immersion education constitutes a learning environment in which
the instructional language functions as the dominant context for reading and writing
across academic domains (Genesee, 2006; Genesee & Jared, 2008). Through repeated use,
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its orthographic properties become embedded in literacy routines and shape dominant
spelling strategies that generalise beyond the instructional language itself.

This strategy-based account provides a principled explanation for why similar sur-
face error types may arise across learners while reflecting distinct sources of vulnerability
depending on the immersion context. For example, grammatical homophone errors may
be observed under both transparent and opaque L2 immersion, yet stem from different
mechanisms: phonographic dominance and bypassing of morphosyntactic computation in
the former case, and limits of lexical selection in the absence of automatised morphosyn-
tactic arbitration in the latter (Koda, 2008; Bahr et al., 2015). Importantly, the mechanisms
posited by the model are not directly observable in written products, but are inferred from
systematic patterns of error distribution, consistency, and contextual sensitivity, in line
with strategy-based and probabilistic accounts of spelling development (Bahr et al., 2015;
Oshchepkova et al., 2023). In this respect, the framework generates falsifiable predictions
at the level of systematic error profiles—defined by their distribution, consistency and
contextual sensitivity—rather than at the level of isolated error tokens.

An additional source of originality of the present framework lies in its explicit consid-
eration of the nature of French orthographic opacity itself. Although French is commonly
classified as an opaque orthography, its opacity is qualitatively distinct from that of English
(see Marjou, 2021, for quantitative data on phoneme–grapheme predictability). Whereas
English opacity is largely resolved through extensive lexicalisation and analogy-based
processing, French spelling relies on a hybrid system combining phonological opacity with
relatively stable morphographic and graphotactic regularities (Seymour et al., 2003; Ziegler
& Goswami, 2005). In this context, characterising French as an “intermediate” orthography
does not refer to a numerical position on a transparency scale, but to the mechanisms
through which opacity is managed within the system.

This distinction has important consequences for cross-linguistic influence in immersion
contexts. Immersion in English exposes learners to an orthographic system in which opacity
is primarily handled through item-based lexical storage and frequency-driven competi-
tion, with limited systematic support from morphographic structure (Koda, 2008; Perfetti,
2017). As a result, learners develop strategies that prioritise global lexical selection when
phonology is unreliable. When transferred to French, however, these strategies interact
with an orthographic system in which opacity is partially constrained by morphosyntactic
marking and graphotactic regularities. The present model predicts that this misalignment
will generate specific patterns of spelling difficulty reflecting a tension between lexical–
orthographic strategies induced by English and the more structured, rule-governed nature
of French opacity, as schematically represented in Figure 1.

By explicitly distinguishing between types of orthographic opacity and their resolution
strategies, the framework refines the predictions of the Orthographic Depth Hypothesis
in bilingual and immersion contexts (Katz & Frost, 1992; Seymour et al., 2003). It shows
that the effects of immersion depend not only on whether the instructional language is
transparent or opaque, but also on how opacity is organised within that system and on
the degree of compatibility between its dominant strategies and those required by the
first language. More broadly, the framework supports a view of spelling development
as a dynamic and adaptive system in which learners continuously adjust their encoding
strategies in response to the statistical and structural properties of the writing systems they
encounter. This perspective is consistent with self-teaching models (Share, 1995, 2008) and
interactive accounts of orthographic learning (Ehri, 1997; Apel, 2011), while extending them
to bilingual and immersion contexts by explicitly modelling how educational environments
shape the relative weighting and transferability of spelling strategies across languages.
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At the same time, several scope conditions delimit the applicability of the proposed
framework and must be made explicit. First, the model applies exclusively to children who
begin literacy acquisition in a language other than French within an immersion context.
It does not concern learners whose initial spelling acquisition takes place in French and
who subsequently learn another written language. The predicted effects arise from the
early procedural dominance of the instructional language and from its role in structuring
spelling strategies during the initial phases of literacy development. Second, the framework
is intended to account primarily for spelling behaviour during the early stages of French
spelling acquisition. Its predictions do not extend to more advanced writers, for whom
increased lexicalisation, metalinguistic awareness and explicit instruction progressively
reduce strategy-driven effects. At later stages of development, cross-linguistic influence
is expected to be largely restricted to a limited set of lexical intrusions involving formally
similar items across languages—e.g., language vs. langage, literature vs. littérature—rather
than to systematic strategy-level biases. Third, the model does not predict that all children
in immersion contexts will systematically produce the error patterns described. Instead, it
provides a principled interpretative framework for understanding atypical or unexpected
spelling errors that may emerge in immersion settings. Importantly, spelling errors are not
treated as indicators of deficit, but as adaptive responses to mismatches between dominant
spelling strategies and the structural properties of the writing system. Beyond orthographic
depth, other factors are also likely to modulate spelling strategy selection and deserve
further investigation, including instructional practices, the timing and nature of explicit
spelling instruction, and individual differences in metalinguistic awareness, socio-economic
status, home literacy environment, vocabulary knowledge, and pre-existing orthographic
skills in the first language. Within the present framework, these variables are viewed
primarily as moderators influencing the richness and stability of orthographic knowledge
and the magnitude of the predicted effects, rather than the nature of the dominant spelling
strategies associated with the instructional orthography.

Furthermore, extending the framework to other language pairs and writing systems
would further allow its generality and limits to be assessed. In this respect, the genealogi-
cal affiliation of the instructional languages constitutes a relevant background condition.
English, Dutch and German belong to the Germanic family, whereas French is a Romance
language. Although genealogical proximity is not proposed here as an explanatory fac-
tor per se, future research could examine whether the effects attributed to orthographic
depth interact with language family by comparing immersion in phonemically dominant
Romance orthographies with Germanic ones.

Finally, although the present framework is not designed as a diagnostic tool, it has
clear implications for educational and clinical practice. By situating certain atypical spelling
patterns within a coherent account of strategy-driven cross-linguistic influence, it may help
prevent immersion-related spelling behaviours from being misinterpreted as indicators
of dyslexia or dysorthographia, thereby contributing to more accurate assessment and
differential diagnostic reasoning.

5. Conclusions
The present article proposes a conceptual framework that reconceptualises cross-

linguistic influence in immersion spelling as a strategy-driven phenomenon shaped by
the orthographic properties of the instructional language and interacting with the specific
structure of the target orthography. By highlighting both the strategic dimension of transfer
and the status of French as an opaque but intermediate system, the model offers a theo-
retically grounded basis for interpreting spelling errors in immersion education and for
guiding future empirical and pedagogical work.
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