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Abstract: While phonology is a fundamental component of reading and spelling acquisition, broader
language skills, such as morphology, also play a crucial role. At the same time, phonological deficits are widely
recognized as a core characteristic of developmental dyslexia, making it difficult for individuals to segment
words into phonemes and contributing to challenges in both reading and spelling. However, morphological
processing is relatively preserved in this population. This article reviews studies highlighting the role of
morphological units in reading and spelling during typical development and in individuals with dyslexia.
Studies showing that training in morphological awareness can improve written language skills in individuals
with dyslexia are also presented. Throughout the manuscript, we draw on the psycholinguistic grain size
theory, which offers a valuable theoretical framework for understanding the factors that may influence the
processing of morphological units when reading and spelling. Concrete examples of interventions based on
morphological training for clinicians are also provided.
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ESPor qué la morfologia es importante para el desarrollo
de la lecturay la ortografia: Una perspectiva tedrica
y empirica en personas con y sin dislexia

Resumen: Si bien la fonologia es un componente fundamental en la adquisicion de la lectura y la ortografia,
otras habilidades linglisticas mas amplias, como la morfologia, también desempefan un papel crucial. Al
mismo tiempo, los déficits fonoldgicos son ampliamente reconocidos como una caracteristica central de la
dislexia del desarrollo, lo que dificulta la segmentacion de palabras en fonemasy contribuye a las dificultades
enlalecturaylaescritura. Sinembargo, el procesamiento morfoldgico se encuentrarelativamente preservado
en esta poblacion. Este articulo revisa estudios que destacan el papel de las unidades morfoldgicas en la
lecturay la ortografia durante el desarrollo tipico y en personas con dislexia. También se presentan estudios
que muestran que el entrenamiento en conciencia morfoldgica puede mejorar las habilidades de lenguaje
escrito en personas con dislexia. A lo largo del manuscrito, nos basamos en la teoria del tamano del grano
psicolingliistico pues proporciona un marco teérico valioso para comprender los factores que pueden
influir en el procesamiento de las unidades morfoldgicas en la lectura y la ortografia. Asimismo, se ofrecen
ejemplos concretos de intervenciones basadas en el entrenamiento morfoldgico dirigidas a los clinicos.
Palabras clave: Dislexia; Lectura; Morfologia; Ortografia.
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Introduction

Learning to read and write involves multiple levels of linguistic analysis. Alphabetic writing systems (such as
Spanish, French, or English) use graphemes to represent phonemes, the smallest units of sound in alanguage.
The ability to process phonemic units is therefore crucial for reading and spelling acquisition (Melby-Lervag
et al., 2012; Miguez-Alvarez et al., 2022; Wagner & Torgesen, 1987). Literacy also depends on the ability to pro-
cess graphemes, which are the smallest units used to represent phonemes in a writing system (Commissaire
et al., 2018). Several studies have also highlighted the role of morphological units-such as prefixes, suffixes,
and roots- when processing written language (e.g., Burani et al., 2002; Carlisle & Stone, 2003; D’Alessio et al.,
2018; Laxon et al., 1992; Quémart et al., 2012). In this article, we will focus on the impact of morphological units
on learning to read and write. First, we present both theoretical and empirical evidence supporting the impor-
tance of morphological processing in reading and spelling acquisition. We then review data on the written pro-
cessing of morphological units among individuals with developmental dyslexia (DD). Finally, we demonstrate
how these units can be used as part of an intervention strategy for individuals with DD.

Morphological processing in reading and spelling development

Over the past 30 years, numerous studies have explored the influence of morphological units on reading and
spelling development. Empirical data from reading studies show that by third grade, students are able to read
words and pseudowords consisting of a lexical base and a suffix (e.g., dancer for real words or hairer for pseu-
dowords) more accurately than those formed from a sequence of letters that do not correspond to a lexical
base and a suffix (e.g., murder for real words or hupter for pseudowords). These findings, first introduced by
Laxon et al. (1992), have been replicated with measures of reading accuracy and/or fluency in English (Carlisle
et al., 2001; Carlisle & Stone, 2003, 2005), as well as in languages with more transparent grapheme-to-pho-
neme correspondences such as French (Colé et al., 2012; Marec-Breton et al., 2005), Italian (Burani et al.,
2002; Traficante et al., 2011) and Spanish (D’Alessio et al., 2018; Suarez-Coalla et al., 2017).

The lexical decision task has also been used to investigate whether access to the mental lexicon is fa-
cilitated by the presence of morphological units. When Italian children in grades 3 to 5 are asked to decide
whether a pseudoword shown on a computer screen is an existing word in the language, they are slower and
make more errors when the pseudowords include morphological units than when they do not (e.g., donn-ista
where donn is an ltalian root meaning “woman” and “ista” an Italian suffix meaning “the one who” vs. den-
nosto where neither denn nor osto are ltalian affixes) (Burani et al., 2002; see also Quémart et al., 2012 for
French). Decision on whether words exist or not is also influenced by morphological units. French-speaking
children recognize words more quickly when they are composed of morphemic units rather than being mor-
phologically simple (Casalis et al., 2015; Quémart et al., 2012). Similarly, lexical decision tasks show faster
responses for words containing frequent rather than rare morphological units (in Spanish: Lazaro et al., 2013;
in English: Carlisle & Katz, 2006). Taken together, These results support the idea that morphological units are
processed during visual word identification.

Other studies have highlighted the role of morphological units in the production of written language. This can
be observed in different contexts. Some researchers have looked at how the presence of morphological units
affects spelling accuracy. In Italian, by third grade, students are more accurate in spelling pseudowords consisting
of a lexical base and a suffix than in spelling morphologically simple pseudowords (Angelelli et al., 2014, 2017).
Other researchers have manipulated the frequency of morphological units, hypothesizing that a frequency effect
would reflect the processing of these units during spelling. For instance, in Spanish, children aged 7 to 12 make
fewer spelling errors with morphologically complex words and pseudowords when these are built with a frequent
lexical base (e.g., peludo, “hairy”) as opposed to a less frequent one (e.g., tejado, “roof”) (Suarez-Coalla et al., 2017).

In languages with inconsistent phoneme-grapheme correspondences (such as French or English), these in-
consistencies can be resolved through morphological processing. For example, when students are asked to write
aword containing an inconsistent grapheme, they are more likely to choose the correct one if it is part of a lexical
base (e.g., en in vendeur, “sailor” in French) than if it is not part of a lexical base (e.g., en in vendredi, “Friday”). Such
facilitation has been observed as early as age 6 in English (Deacon & Bryant, 2006a, 2006b; Kemp, 2006), al-
though it takes until age 8 for students to make optimal use of morphological information (i.e., showing equivalent
spelling accuracy for the lexical base alone and for the base as part of a derived word) (Deacon & Dhooge, 2010).

Morphological information also plays a key role in choosing the correct word endings. When the ending
corresponds to a suffix (e.g., -ette in fillette, “little girl” in French), the likelihood of selecting the correct spelling
is higher than when the ending does not correspond to a suffix (e.g., -ette in girouette, “wheathervane”). This
effect has been observed from age 9 in English when spelling derivational suffixes or choosing the correct
spelling for derivational suffixes (e.g., -y in rocky vs. -y in study) (Deacon & Bryant, 2005; Sangster & Deacon,
2011). A similar influence is seen from age 7 in English with inflectional suffixes (Deacon & Bryant, 2005).

Finally, morphological information also helps with producing words that end in silent letters, a common
difficulty in languages with inconsistent orthographies. In French, for example, at least 28% of words end with
a silent letter (Gingras & Sénéchal, 2017). By age 7, children are more likely to correctly spell silent letters at
the end of words when these words are linked to other words in the same morphological family, compared
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to when no such link exists to clarify the spelling. For example, the likelihood of reporting the silent conso-
nant at the end of French words increases when a related word is available (e.g., renard [sanas] “fox”, which
is related to renardeau [skonasdo] “kit” ) compared to words without a morphologically relative (e.g., foulard
“scarf”) (Pacton & Casalis, 2006; Sénéchal, 2000; Sénéchal et al., 2006). Improved accuracy with final silent
letters that indicate the plural form, compared to silent letters with no morphological marker, has also been
observed from first to third grade in Spanish (Defior et al., 2008).

Children also benefit from morphologically related words when they learn to spell new words that end with
a silent letter. From grade 3 onward, the orthographic learning of monomorphemic words improves when
words are presented in sentences that provide morphological information justifying the spelling of the final
sound compared to sentences that do not offer such cues. An example of a morphological cue for the pseu-
doword coirard (/kwaRaR/) is its presentation in the sentence On dit que la femelle, la coirarde, est encore plus
colorée que le coirard (“The coirarde, the female of the coirard, is said to be even more colorful”) where the
final silent -d in coirard is pronounced in its gender-inflected form coirarde (/kwaRaRd/) (Pacton et al., 2013,
2018). Note, however, that morphological facilitation in learning the spelling of new words emerges later in
development (i.e., in Grade 5) when monomorphemic words are associated with a derived form (e.g., rouvard
/RuvaR/ - rouvardise /RuvaRdiz/) than an inflected form (i.e. the feminine, e.g., rouvard /RuvaR/ - rouvarde /
RuvaRd/) (Pacton & Peereman, 2023).

The impact of morphological processing is not only seen in spelling accuracy but also in writing fluen-
cy. Quémart and Lambert (2019) investigated how 4th and 5th grade children process the morphological
structure of words during writing. In their study, the presence of two morphemes within words did not reduce
writing latencies but did affect the time spent writing the letter just before the morphological boundary (i.e.,
the boundary between two morphemes), indicating that the morphological structure of words regulates the
dynamics of handwriting. A similar influence of morphemes on writing dynamics was found in a study with
English-speaking children aged 6 to 11 years (Breadmore & Deacon, 2019) and in Spanish-speaking children
aged 7 to 12 years (Suarez-Coalla et al., 2017).

Why Process Morphological Units in Written Language?

The data presented above suggest that morphological processing influences both reading fluency and writ-
ten production, while also facilitating access to lexical representations. The psycholinguistic grain size theory
(Ziegler & Goswami, 2005) provides an insightful theoretical framework for explaining the role of morpho-
logical units in written language processing. This model predicts which units are processed during word
identification (though not spelling) and how these processes develop over time. It proposes that the align-
ment between spoken and written language can occur through the encoding of linguistic units of varying
sizes (graphemes, syllables, morphemes), with the size of the processed units depending on factors such
as orthographic transparency and reading proficiency. According to this theory, processing morphological
units helps overcome difficulties in matching graphemes and phonemes, enabling more efficient reading.
These difficulties may arise from 1) a lack of transparency in grapheme-phoneme correspondences, or 2) a
language disorder that impairs this mapping.

The Impact of Orthographic Transparency and Morphological Productivity on
Morphological Processing

Psycholinguistic research has demonstrated the impact of orthographic transparency on the types of units
processed in written language. In transparent orthographies (e.g., Spanish, Italian), there is a systematic cor-
respondence between graphemes and phonemes. For instance, in Spanish, most graphemes have a con-
sistent pronunciation. Only three consonants (c, g, and r) require contextual rules for their pronunciation.
Additionally, Spanish syllabic structures are relatively simple, typically consisting of consonant-vowel pat-
terns (Cuetos & Suarez-Coalla, 2009). In these transparent orthographies, learning to read and write primar-
ily relies on phonological decoding-matching graphemes to phonemes. In contrast, in opaque orthogra-
phies (e.g., English), many grapheme-phoneme correspondences are inconsistent. For example, the same
grapheme (e.g., “ch”) can be pronounced in various ways (e.g., /tf/ in chicken, /k/ in chorus, and /[/ in chef).
Moreover, some languages (especially English) use many complex graphemes, consisting of multiple letters
(e.g., “ough”, “tch”, “dge” in English). These multi-letter graphemes are used to represent sounds that do not
correspond to a single letter. As a result, readers must rely on larger units, such as morphemes and syllables,
to identify words (Caravolas et al., 2013). In summary, the psycholinguistic grain size theory proposes that in
alphabetic orthographies, the size of the units mapped between spoken and written language depends on
the consistency of grapheme-phoneme correspondences. Therefore, readers rely more on larger units (such
as morphemes) in opaque orthographies than in transparent ones.

Research on morphological processing during reading acquisition has shown that such processing oc-
curs in both transparent and opaque orthographies. For example, studies have shown that in Finnish, where
phoneme-grapheme correspondences are nearly always one-to-one, morphologically complex words are
processed more quickly than morphologically simple words (Lehtonen & Laine, 2003). In Spanish, children
aged 7 to 12 are faster to start reading morphologically complex words (e.g., peludo, “hairy”) than morpholog-
ically simple words (e.g., pagana, “pagan”) (Suarez-Coalla et al., 2017). Few studies have directly compared
morphological processing across languages to assess the impact of orthographic transparency on the types
of units processed during reading. Third grade English-speaking students benefit more from the presence
of morphological units in words when naming them, compared to their peers who speak French, German,
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or Italian (Mousikou et al., 2020). This suggests that morphological processing plays a more significant role
in languages with opaque orthographies than in those with transparent ones. Furthermore, the impact of
morphological awareness on learning to read and write is greater in deep orthographies (such as English or
French) than in transparent ones (like German or Spanish, Lee et al., 2022). These findings support the Grain
Size Theory, which suggests that morphological processing is influenced by orthographic transparency.

Moreover, morphological processing during word reading is also shaped by the morphological productivity
of the language. For example, French contains approximately 56% derived words compared to 46% in English
(Mailhot et al., 2020; Sanchez Gutiérrez et al., 2018), and there are around 120 commonly used suffixes in French,
compared to only 50 in active use in English (though 240 exist) (Crystal, 2003). A study by Duncan et al. (2009)
showed that French-speaking children’s morphological awareness skills develop earlier than those of English-
speaking children in the initial stages of literacy acquisition. One possible reason could be the difference in
morphological productivity between the two languages. We also know that morphological processing is more
systematic in French than in English (Casalis et al., 2015). Morphological processing is also more pronounced
in German than in French, as German has a higher level of morphological productivity (Beyersmann et al., 2021).

The hypothesis that the unit of matching between spoken and written language depends on the consistency
of the relationships was originally proposed to explain functional units in reading rather than spelling. However,
the same explanation can be applied to spelling development. The degree of consistency in phoneme-grapheme
correspondences plays a role in spelling acquisition (Caravolas, 2006). In transparent orthographies, matching
phonemes to graphemes is generally sufficient to spell most words correctly. However, in some languages, a sin-
gle phoneme can have multiple possible orthographic representations. For example, in French, the phoneme /o/
can be spelled in several ways: o, ot, oh, 0s, eau, au, aux, aud, aut, ault. To handle these inconsistencies, learners
must rely on memorizing some of these forms or use other patterns (morphological, graphotactic) that determine
the use of one grapheme over another (Treiman & Kessler, 2014). For example, the sound /o/ is transcribed with
the suffix -eau when referring to the offspring of an animal (e.g., renardeau “kit”, éléphanteau “calf”) (morphological
pattern). Additionally, the sound /o/ can only be written as eau at the end of a word (graphotactic pattern). In opaque
orthographies, memorizing these inconsistencies plays a major role in spelling acquisition.

This hypothesis has been tested by examining the effects of frequency and regularity on word production,
based on orthographic consistency. For example, Marinelli et al. (2015) found stronger effects of frequency and
regularity in English-speaking children compared to Italian-speaking children. Another strategy is to process
morphological information during written production. In opaque orthographies, the many inconsistencies ob-
served in phoneme-grapheme mappings reflect the influence of another system: the semiographic system
(Mahrer, 2017). Some linguistic units (typically graphemes) do not represent sounds but instead carry morpho-
syntactic information. This is the case, for example, with silent letters in the middle (e.g., sept, “seven”) or at the
end (e.g., placard, “closet”) of words, which indicate relationships with words in the same morphological family
(e.g., septennal, “septienal” or septante, “seventy”; placarder, “to board up” or placardage, “boarding up”).

As mentioned earlier, processing morphological units within words enhances spelling accuracy and mod-
ulates writing speed. This type of processing has been observed in both transparent orthographies, such as
Spanish and ltalian (Angelelli et al., 2014, 2017; Suarez-Coalla et al., 2017) and opaque orthographies, such
as English (Deacon & Bryant, 2005; Deacon & Dhooge, 2010; Sangster & Deacon, 2011) and French (Pacton
& Casalis, 2006; Sénéchal, 2000; Sénéchal et al., 2006). However, no cross-linguistic study to date has ex-
amined the impact of orthographic transparency on morphological processing in word spelling. A closer look
at the results of published studies, however, suggests that morphological processing is more consistently
observed in opaque orthographies than in transparent ones. For example, in Italian, Angelelli et al. (2014)
found that morphological structure influenced pseudoword production but not word production. The impact
of morphological units may therefore depend on word frequency, with less reliance on morphemes when pro-
ducing frequent words compared to rare words or pseudowords in transparent orthographies. Orthographic
transparency may also affect the timing of the influence of morphological units on production, with an earlier
impact on the time course of word writing in Spanish than in French (Suarez-Coalla et al., 2017).

To sum up, the psycholinguistic grain size theory explains why readers need to process morphological
units during reading, and it also makes predictions about the importance of this kind of processing in writing.
While this processing does not always improve reading and spelling accuracy, it does enhance fluency, par-
ticularly in more advanced readers. These findings emphasize the value of raising young readers’ awareness
of processing the morphological units of their language, even when the orthographies are transparent. As
we will see below, this awareness is especially crucial for readers who struggle with phonological processing.

The Impact of Reading Level on Morphological Processing

The grain size theory (Ziegler & Goswami, 2005) not only helps explain the impact of consistency in the
correspondence between spoken and written language on the processing of morphological units, but also
highlights the importance of training readers, especially those with DD, to process morphological units when
they struggle with grapheme-phoneme correspondence.

Beginning and advanced readers rely on different linguistic units during visual word recognition. In al-
phabetic languages, beginner readers start by mapping smaller units, such as phonemes and graphemes,
to establish correspondences between written and spoken language (Seymour & Duncan, 1997). Once they
master decoding, intermediate readers begin to process larger units such as syllables and morphemes,
which allows them to process groups of letters rather than individual ones. They develop morphological pro-
cessing strategies to speed up the recognition of more complex words. These strategies, which reflect a
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greater reliance on larger units when spelling, become more refined in advanced readers. They tend to rely
on morphemes, or even whole words when they are morphologically simple. To illustrate this developmental
trend, studies have shown that the impact of the number of letters on word recognition decreases with age
(Aghababian & Nazir, 2000; Ballot & Zesiger, 2024; Tiffin-Richards & Schroeder, 2015). These results reflect
the growing reliance on the lexical route of reading as children age, making reading more automatic.

The shift from processing small to large grain units depends on reading experience: the more a reader
is exposed to written language, the more they enrich their orthographic lexicon (Share, 1995), which allows
them to gradually transition from an analytical phonological processing (small units) to a lexical and mor-
phological processing (large units). The evolution in the size of the units processed in writing also depends
on phonological and morphological skills. Phonological skills promote the understanding of the alphabetic
principle (Byrne & Fielding-Barnsley, 1989), thus facilitating the implementation of grapho-phonological de-
coding. Morphological skills allow for the extraction of morphemic units in words, which leads readers to pro-
cess units larger than graphemes. This strategy improves reading speed and allows for more efficient word
recognition, especially for words with inconsistent grapho-phonological correspondences.

Supporting this idea, morphological awareness influences written language learning more in deep orthogra-
phies than in transparent ones (Lee et al., 2022; Manolitsis et al., 2017). In addition, the contribution of morpho-
logical awareness to literacy seems to be more significant over the course of development, as predicted by the
psycholinguistic grain size theory (Desrochers et al., 2018). Note, however, that very little data has been published
in transparent orthographies, or on advanced readers compared to beginning readers. Nonetheless, an early in-
fluence of morphological awareness on literacy acquisition has been evidenced in the transparent Greek orthog-
raphy (Diamanti et al., 2017; Grigorakis & Manolitsis, 2021; Manolitsis et al., 2017), suggesting that the contribution
of morphological awareness to reading and spelling is not limited to advanced readers and spellers.

Finally, given the significant role of phonological and morphological skills in the types of units processed
during reading and writing, several studies have explored the impact of phonological processing disorders
on morphological processing. Specifically, readers with developmental dyslexia struggle with processing the
phonological structure of language, which interferes with establishing grapho-phonological correspondenc-
es and, consequently, with processing fine-grained linguistic units (Rack et al., 1992; Snowling, 1998; Ziegler
& Goswami, 2005). However, they tend to develop morphological skills that are stronger than would be ex-
pected based on their reading level (Elbro & Arnbak, 1996). It has therefore been suggested that morphemes
could serve as processing units in word recognition for dyslexic readers, as they are larger than graphemes
and carry meaning. This hypothesis is further discussed in the next section.

Morphological skills in people with developmental dyslexia

Developmental dyslexia (DD) is defined as a specific learning disorder that leads to difficulties in word
reading, decoding, and spelling (Catts et al., 2024;Carroll et al., 2025). These difficulties persist into adult-
hood, resulting in lower employment rates (Gerber, 2012) and more limited access to higher education
(Horn & Berktold, 1999).

Morphological awareness in developmental dyslexia

A growing number of studies have focused on morphological knowledge in individuals with DD. First, in children, a
recent meta-analysis synthesized 40 studies involving a total of 5,018 participants, aiming to determine whether
children with DD exhibit a deficit in morphological awareness (Georgiou et al., 2022). The analysis revealed that
the morphological awareness skills of children with DD were significantly lower than those of age-matched peers
(g = 1.17) but similar to those of younger children matched on reading level (g = -0.08). None of the following mod-
erators were found to be significant: the language spoken by the children, the type of task used to assess morpho-
logical awareness, or the modality of task administration (oral or written). Only age was identified as a moderator of
the deficit: the older the children, the greater the gap in morphological awareness between children with DD and
typically developing peers matched by age. Nevertheless, in French-speaking children, two studies found perfor-
mance differences depending on the tasks considered (Berthiaume & Daigle, 2014, Casalis et al., 2004). Casalis
et al., (2004) explained these differences by the significant involvement of phonological skills in certain tasks. For
example, removing or adding an affix to a word requires a phonological analysis of the structure of the word to
know where to cut it. Deacon et al. (2008), on the other hand, hypothesized that it was the difficulty of the task,
rather than the type of task, that could cause differences. For example, performing a task with real words might be
relatively straightforward, whereas using pseudowords could lead to greater difficulties.

It therefore seems that the skills of children with DD are similar to those of younger children matched on
reading level. This is why some authors have suggested that morphological awareness skills are relatively
preserved compared to phonological skills, which are still impaired in children with DD compared to younger
children with the same reading level.

In adults, the situation is less clear. A study by Law et al. (2015) compared English-speaking adults with
DD to age-matched adults without the disorder. Within the dyslexic group, they identified two subgroups:
a group of “compensated” adults who had higher literacy scores than expected given their disorder, and a
group of “non-compensated” adults with lower literacy scores. This study found equivalent morphological
awareness accuracy performance in compensated adults with DD compared to the control group, but lower
performance in non-compensated adults with DD. Two studies conducted with French-speaking adults con-
cluded that adults with DD and age-matched adults performed equivalently on morphological awareness
tasks (Cavalli et al., 2017; Martin et al., 2014). However, a closer look at the results reveals some differences:



66 Ardanouy, E., & Quémart, P. Rev. investig. logop. 15 (nimero especial), 2025

slower response times for the dyslexia group on the suffixed word detection task in Cavalli et al. (2017), and
significantly slower response times for the suffixation decision task in Martin et al. (2014). Additionally, an-
other French study using the same suffixation decision task as Cavalli et al. (2014) found significantly lower
accuracy in the dyslexic group compared to the control group (Ardanouy & Quémart, under review). These
differences may potentially be explained by what Law et al. (2015) highlighted in their study: the heterogene-
ous performance levels among adults with DD and their varying degrees of compensation for their condition.

This notion of compensation has often been used in research on DD, even suggesting that morphological
awareness could be a factor aiding compensation (Cavalli et al., 2017; Law et al., 2018). However, the picture
does not seem so clear regarding whether morphological awareness is a process of compensation. Indeed,
not all studies show equivalent skills between adults with DD and neurotypical adults. According to Livingston
and Happé (2017), the “compensation” is a process that improves the behavioral expression of a disorder.
Applied to DD, this would mean achieving higher performance in reading fluency, spelling or reading compre-
hension than is expected for people with DD, reaching a level equivalent to that of adults in the general pop-
ulation. Therefore, this hypothesis has not yet been verified and needs to be explored further. Nevertheless,
morphemes appear to be available as oral units for individuals with DD, potentially serving as useful support
for mapping oral and written units. As explained in the psycholinguistic grain size theory, this ability to process
morphemes could help them improve their reading and spelling skills.

Morphological knowledge and literacy in DD

For word reading, several studies have shown that children with DD read pseudowords composed of two morpho-
logical units faster than simple pseudowords. This benefit was more pronounced in individuals with DD compared
to children matched on chronological age or reading level (Burani, 2009; Law & Ghesquiere, 2022; Suarez-Coalla
& Cuetos, 2013). More specifically, the study by Suarez-Coalla & Cuetos, (2013) compared Spanish children aged 7
to 10, with and without DD, matched on chronological age, in reading morphologically derived words, non-derived
words, and pseudowords considered morphologically complex. Children with DD show better reading speed per-
formance for morphologically derived words than for simple words, whereas this effect was not present in children
without DD. Suarez-Coalla et al. (2017) added that children with DD benefit from the presence of a frequent high
root for reading unfamiliar morphologically derived words. Studies by Lazaro and colleagues on Spanish children
with and without reading difficulties have helped clarify this effect. In Lazaro (2012), a pseudoword definition task
showed no superiority effect of root frequency (compared to morphologically derived words with a lower-frequen-
cy root) between children with reading difficulties and typically developing children, likely because they had un-
limited time to apply their morphological processes. In Lazaro et al. (2013), they did not find this effect on reaction
times in a lexical decision task among children with reading difficulties. Only typically developing children benefit-
ed from a root frequency effect, suggesting that morphological processing does not occur automatically (within a
limited time) in children with reading difficulties.

Several studies have aimed to show that morphological processing in individuals with DD is morpho-se-
mantic in nature (Elbro & Arnbak, 1996; Quémart & Casalis, 2015). This type of processing is defined as the
ability to activate a set of words that belong to the same morphological family and are semantically related.

Other studies highlight the role of morphological processing in reading fluency (Giazitzidou & Padeliadu,
2022; Lefevre et al., 2022). The study by (Giazitzidou & Padeliadu, 2022) on Greek children with DD (a trans-
parent orthographic system) shows that morphological awareness predicts reading fluency, but only in the
early grades. In contrast, the study by Lefévre et al. (2022) on French-speaking adolescents with DD demon-
strates that morphological priming predicts reading fluency, whereas morphological awareness does not. The
authors explain this effect by suggesting that adolescents with DD can quickly extract morphological units
within a written word, which helps them recognize it more rapidly and thus improves their reading fluency.

In spelling, several studies have shown that children with DD spell words containing morphological information
more accurately than other words (Angelelli et al., 2017; Ardanouy & Quémart, under review; Bourassa et al., 2006,
2019; Bourassa & Treiman, 2008; Quémart & Casalis, 2017; Suarez-Coalla et al., 2017). For example, Bourassa
and Treiman (2008) found that Italian-speaking children with DD performed worse than their age-matched peers
in spelling derived words but were better at spelling morphologically derived words compared to simple words.
Another study by Bourassa et al. (2019) showed that English children with DD have equivalent spelling perfor-
mance on derived words to younger children matched on reading and spelling level but perform worse than chil-
dren of the same chronological age. Moreover, two studies on French-speaking adolescents and adults with DD
found that they benefit more from morphological strategies when spelling the final silent letter of a word, provided
it could be predicted through morphology (e.g., the word bavard [bavas] (chatty) can be inferred from a related
word like bavarder [bavasde] (to chat)) (Ardanouy & Quémart, under review; Quémart & Casalis, 2017).

Thus, individuals with DD are able to process morphological units in writing, which helps them improve
their reading accuracy, fluency, and spelling. These findings highlight the importance of implementing inter-
ventions focused on developing morphological awareness to enhance literacy skills.

Morphological awareness intervention

In individuals with typical development

Several systematic reviews have focused on the effectiveness of morphological awareness interventions
aimed at improving children’s reading and spelling skills (Bowers et al., 2010; Colenbrander et al., 2024;
Goodwin & Ahn, 2013). The most recent systematic review (Colenbrander et al., 2024) reports on the impact
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of morphology instruction on literacy outcomes in English-speaking children, from kindergarten to Grade 6,
across 28 different studies. This review concludes that effect sizes are small to moderate for reading and
spelling outcomes, with larger effect sizes for trained words compared to untrained words. More specifi-
cally, transfer effects to untrained words were observed only for spelling, not for reading. Results for reading
comprehension were more mixed and did not show a significant effect. Few effects were found for delayed
post-tests, partly because very few studies included a delayed measure. None of the moderators (dose, in-
structor, type of control group, type of task used to measure outcomes, linguistic context) had an impact on
the effectiveness of the interventions. However, the study reports a trend toward higher effect sizes (signifi-
cantly different from 0) when the intervention is conducted by the researcher or research assistant, when it
lasts more than 20 hours, when the control group is passive or engaged in a different activity (not receiving
linguistic training), and when outcomes are measured using researcher-created tasks.

The systematic review by Bowers et al. (2010) is also interesting because it did not only include studies
in English but also in different alphabetic languages (only 4 out of 22 studies). They included children (N =
2652) from preschool to Grade 8. The review’s results showed effects on morphological awareness (d = 0.65),
phonological awareness (d = 0.34), reading (d = 0.41), spelling (d = 0.49), and vocabulary (d = 0.35) when chil-
dren were compared to control groups receiving interventions as business as usual. When morphological
interventions were compared to alternative interventions (e.g., phonological training), the effect sizes were
noticeably smaller but still significant for morphological awareness (d = 0.51), phonological awareness (d =
0.08), reading (d = 0.05), spelling (d = 0.05), and vocabulary (d = 0.20).

To our knowledge, very few intervention studies on morphology have been published in languages with
transparent orthographies. A recent short intervention study on morphological analyses highlights the bene-
fit of using explicit instruction to enhance the recognition of suffixes in new words among Spanish-speaking
Grade 3 children (Martinez et al., 2024). In this study, children appear to form an orthographic representation
of suffixes only after receiving explicit instruction. Moreover, two intensive and explicit interventions are par-
ticularly interesting as they were conducted in French, a language with a transparent orthography for reading
but an opaque orthography for spelling, with Grade 3 and 4 children (Ardanouy et al., 2023; Casalis et al.,
2018). The results showed moderate to large effect sizes on morphological awareness and spelling (for both
trained and untrained words, on affixes and roots), with long term effects (delayed post-tests conducted 3
and 5 months later). However, no effect was found on the reading of untrained morphologically derived words
(Ardanouy et al., 2023). In the same vein, no effect was found on reading skills when training morphological
awareness in kindergarten for French-speaking children on their reading skills in Grade 1, in contrast to pho-
nological awareness training, which showed interesting effects (Casalis & Colé, 2009).

Among adolescent-adults (aged 15 to 19), Goodwin and Ahn (2013) report in their meta-analysis a lack
of effect of morphological interventions on literacy. However, only three studies focused on this age group,
compared to 56 studies on younger participants, which may explain the absence of effect. The literature on
this population is lacking.

In individuals with developmental dyslexia

For children with DD, several reviews have demonstrated the effectiveness of morphological interventions
in improving literacy skills (Brady & Mason, 2024; Galuschka et al., 2020; Goodwin & Ahn, 2010). The me-
ta-analysis by Goodwin and Ahn (2010) aimed to assess the effectiveness of morphological interventions on
literacy skills, focusing exclusively on children with literacy difficulties. A total of 17 studies (10 of which were
in English) were included in this review, covering children from preschool to grade 12. The effect sizes of the
interventions ranged from low to moderate for phonological awareness (d = 0.49), morphological awareness
(d = 0.40), spelling (d = 0.20), and reading comprehension (d = 0.24). No effect was found for reading decod-
ing (see also Traficante, 2013 for transparent orthographies). It is interesting to note that at least 10 hours of
training are required to demonstrate an effect and that children with learning disabilities, reading disabili-
ties, speech and language impairments, struggling readers, and English language learners, all benefit from
morphological interventions. Finally, interventions that combine morphology with another type of instruction
(such as adding comprehension training) are the most effective.

In their meta-analysis, Galuschka et al. (2020) review the most effective interventions for spelling reme-
diation in learners with DD. This review shows a large effect size for morphological interventions (8 studies
out of 26) on spelling and a small effect size for reading. The effect of morphological intervention on read-
ing is particularly noteworthy, given that the intervention primarily focused on spelling. Moreover, this review
does not show a significant difference in effectiveness across age groups but highlights an emerging trend
suggesting that the effects of morphological interventions tend to increase with age, whereas the effects of
phonological interventions tend to decrease with age (see also Suggate, 2016). Nevertheless, Galuschka et
al. (2020) encourage starting morphological instruction as early as possible in children’s educational curric-
ulum, particularly once phonics are mastered.

For adults with DD, the literature on interventions in morphology is more limited. Only two published stud-
ies, to our knowledge, have demonstrated the benefits of morphological training in adults with DD. The first
study, conducted by Bar-Kochva (2016), focused on Hebrew-speaking university students with DD. Hebrew
has a highly transparent orthography and a rich morphological structure. The training consisted of two
25-minute sessions in the form of a lexical decision task. The results are interesting, as they show effects
on certain reading tasks (text reading only) and spelling but not on reading comprehension. These findings
are supported by the study by Gray et al. (2018), which compared two groups of adults with DD: one received
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morpho-phonemic intervention, while the other underwent semantic training. Both groups showed similar
improvements in trained-word performance (reading comprehension, reading, and spelling), but only the
morphology-trained group exhibited generalization effects on reading.

Finally, in a morphological training study conducted with French-speaking university students with DD,
results showed greater learning effects (in morphological awareness, reading fluency, and spelling) in the
morphology group compared to the control group (Ardanouy et al., in prep). Regarding generalization, effects
were observed on morphological awareness and affix spelling but not on base-word spelling or fluency in
reading untrained words. These effects persisted over the long term. The results in adults thus appear prom-
ising but warrant further exploration, considering the interlinguistic differences of each language-such as
orthographic consistency and morphological richness.

Active ingredients in the intervention

The content of the intervention is often a key question for clinicians. The goal of this part is to provide some
guidelines for constructing a morphological intervention. First, in the general recommendations, an important
element that seems crucial but is not exclusive to morphological interventions is that the intervention should
be explicit (Martinez et al., 2024) and as intensive as possible (Wanzek et al., 2018). Additionally, Nunes et al.
(2003) recommend using both oral and written modalities together, especially if the intervention aims to im-
prove written skills. The literature tends to show that morphological interventions are more effective when inte-
grated with other literacy instructions, such as phonological or orthographic knowledge (Kirby & Bowers, 2017).

Regarding more specific recommendations for morphological interventions, Reed (2008), in his narrative
review, emphasized the importance of studying word roots, not just the affixes. It is therefore important to
dedicate sessions focused on breaking words down into prefixes, roots, and suffixes in order to effectively
distinguish between the different morphemes and understand how each component contribute to a word’s
meaning (Carlisle, 2000). It also seems beneficial to consistently pair these interventions with semantic ex-
planations, since clearly defining the words used maximizes the intervention’s effectiveness (Goodwin & Ahn,
2010). Activities should therefore target both the meaning and use of affixes, as well as words and base forms
alone (Kirby & Bowers, 2017). These last authors add that it is interesting to present morphology as a problem
to solve, so that children act like detectives in analyzing words into morphemes to increase their motivation.
Another particularly important factor to consider when training in morphology is teaching children that when
an affix (a prefix or a suffix) is added to a root to create a new word, this can result in orthographic and/or pho-
nological changes to the root of the word (Kearns et al., 2016; Kirby & Bowers, 2017; Steacy et al., 2022). For
example, in the word “glorious,” the “y” in the base “glory” changes to an “i.”. These morphological changes are
particularly complex for children to master, making it essential to explicitly address them during instruction.

Here are some activities used in studies that have proven effective (Brady & Mason, 2024). word sort-
ing tasks - where children must sort word cards with or without target affixes; decoding tasks - reading
morphologically complex words; segmenting words into morphemes while associating the meaning of each
morpheme (either orally or in writing); spelling morphologically complex words while explaining the spelling
rules associated with the addition of an affix (e.g., run/runner). Kirby and Bowers (2017) further suggest that
teaching morphological word families can be enhanced using word matrices, where a base word is present-
ed at the center, and its possible prefixes and suffixes are mapped around it to form related words (Ng et al.,
2022). To find examples of concrete interventions conducted with children with DD in orthographic systems
of different consistencies, see, for example, the following papers: Ardanouy et al. (Ardanouy et al., 2024) for
French; (Bar-Kochva et al., 2020) for Hebrew; (Mendes & Kirby, 2024) for English.

Conclusion

This paper highlights the importance of morphology in learning to read and spell for both typically developing
children and those with DD. As emphasized by the psycholinguistic grain size theory, once grapheme-phoneme
correspondences are mastered, larger linguistic units, such as morphemes, can be recruited to enhance read-
ing and spelling accuracy and fluency, particularly in languages with the most opaque orthographies. Although
morphological processing is generally expected in advanced readers and spellers, as well as in opaque orthog-
raphies, a substantial body of research shows that morphological processing also occurs early in literacy ac-
quisition and in transparent orthographies. Moreover, although individuals with DD have impaired phonological
awareness, their morphological awareness remains relatively preserved. As a result, it can support more fluent
reading and more accurate spelling. Interventions in this area represent a promising approach for improving
reading and spelling skills, regardless of whether individual have difficulties in this area.
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