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designation, spoken word recognition, and orthographic choice. In
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Introduction

Building vocabulary knowledge is fundamental in the early steps of learning a second language (L2)
because it allows language understanding and production. Importantly, the early steps of foreign lan-
guage learning start at school in many countries, several years after learning one’s mother tongue.
Exposure to the new language is rather limited; for example, in France pupils are exposed to 1 to 4
hr at most per week (Ministère de l’Education Nationale, 2023). In the vast majority of cases, English
is taught. Otherwise, German or Spanish is taught, or regional languages such as Breton are taught.
Although teaching focuses on spoken language, written language is introduced as soon as Grade 3
(Ministère de l’Education Nationale, 2019), and so orthography is increasingly involved in vocabulary
learning. Therefore, phonological and orthographic representations of novel L2 words need to be
learned and connected to semantic information. This raises the question of the extent to which the
presence of orthography contributes to L2 word learning, in children who are still developing readers.
This was the objective of the current work, for which we drew on recent literature in the field of
vocabulary acquisition in the first language (L1).

Orthographic facilitation in an L1 in children

Several studies have emphasized the contribution of orthography to L1 vocabulary acquisition,
especially in children with typical development (Chambré et al., 2017, 2020; Ehri & Wilce, 1979;
Jubenville et al., 2014; Li et al., 2016; Ricketts et al., 2009, 2021; Rosenthal & Ehri, 2008; Salins
et al., 2023; Valentini et al., 2018; for a review, see Colenbrander et al., 2019). Whether examining iso-
lated pseudoword learning (Jubenville et al., 2014; Li et al., 2016; Ricketts et al., 2009; Rosenthal &
Ehri, 2008) or learning of words embedded within stories (Chambré et al., 2017, 2020; Ehri &
Wilce, 1979; Valentini et al., 2018), an overall consistent benefit of the presence of orthography
was evidenced, referred to as ‘‘orthographic facilitation.” These effects have been reported in several
tasks focusing on various aspects of lexical processing. Frequently, children were asked to pronounce a
novel word corresponding to a picture, that is, a production task assessing the semantic-to-
phonological pathway as well as retrieval of the phonological form (Ricketts et al., 2009). Phonological
processing without semantic processing has been assessed by spoken word recognition tasks, for
example, by asking participants to choose between two phonological forms (Valentini et al., 2018).
Orthographic processing has been assessed by production (spelling-to-dictation task; e.g., Jubenville
et al., 2014) or recognition tasks (orthographic choice task; Valentini et al., 2018). Overall, ortho-
graphic facilitation was reported in these tasks as long as ceiling effects were avoided, for example,
owing to the low number of items to be learned.

Orthographic facilitation may first result from the difference in properties between spoken and
written modalities. Because phonology is more transient in time than orthography, it may explain
why the presence of written information helps children to acquire novel phonological forms and to
store them as strong phonological representations in their lexicon. According to this hypothesis,
orthography acts as an anchoring device, promoting the memorization of novel spoken forms, in line
with the orthographic mapping theory (Ehri, 2014, 2020). In addition to this visual advantage associ-
ated with multimodality, the tight and reciprocal relationships between spoken and written language
may also account for the orthographic facilitation observed in L1 vocabulary learning (Ricketts et al.,
2021; Valentini et al., 2018).

From the early stages of literacy acquisition, children automatically decode printed words (Share,
1995), thereby linking written language to the early and predominant oral modality. However, they
also predict automatically and with increasing accuracy the written form of a new spoken word form
(see the orthographic skeleton hypothesis by Wegener et al., 2018). These automatic bidirectional
relationships may explain the benefit of a multimodal written/spoken learning condition by facilitat-
ing the mapping of print-to-sound correspondences of new word forms and the development of their
corresponding phonological and orthographic representations. Perfetti and Hart (2002) proposed the
lexical quality hypothesis, which states that the good quality of lexical representations depends on
2
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the precision of phonological, orthographic, and semantic representations together with strong
interconnections between them. More precisely, this means that ‘‘a word has a good quality represen-
tation if orthography efficiently activates its pronunciation and/or meaning” (Ricketts et al., 2009).
Therefore, connections between orthography and phonology are a key aspect for establishing solid
lexical representations.

Languages with transparent orthographies may be more prone to show orthographic facilitation
than those with more opaque orthographies. In the former, decoding output and spoken forms closely
match, which is not the case when orthography-to-phonology mappings are inconsistent. Jubenville
et al. (2014) showed a larger benefit of orthography in French-speaking children who were exclusively
exposed to consistent prints during learning compared with those who were not (but see Ricketts
et al., 2009, for a lack of consistency effect on orthographic facilitation in English-speaking children).
Reading expertise may also modulate the extent to which individuals benefit from orthography during
novel word learning. Previous studies tested the influence of reading skills on orthographic facilitation
among same-age children, but results were not consistent. Whereas Rosenthal and Ehri (2008) found
that skilled readers benefit more from orthography when learning new words, this difference was not
observed by Ricketts et al. (2009).

A recent study by Salins et al. (2023), conducted in Australia with English-speaking children exam-
ined the impact of age on orthographic facilitation. Three groups of children were considered: Group A
(Grades 1 and 2), Group B (Grades 3 and 4), and Group C (Grades 5 and 6). The authors expected
younger children (Group A) to show smaller benefits than older children (Groups B and C) due to their
lower reading skills. The oldest children (Group C) were also expected to show less orthographic facil-
itation because of their increased ability to generate a mental image of spelling (i.e., an orthographic
expectation; see Wegener et al., 2018). Thus, children from Group B (Grades 3 and 4) were expected to
display the strongest orthographic facilitation effect. The authors examined orthographic facilitation
through two tasks: a picture naming task and a picture–word matching task (looking at the correct
picture among four pictures after hearing a word). Although there was no impact of grade level on
the naming task, some effects appeared in the picture–word matching task. Here, younger children
(Grades 1 and 2 and Grades 3 and 4) were faster in the orthographic condition, a pattern that was
not observed in the older children (Grades 5 and 6). The authors concluded that all groups showed
orthographic facilitation in learning spoken words and that the youngest groups benefitted most from
the presence of spellings.
Orthographic facilitation in an L2 learning context

The benefits of orthography consistently reported in L1 word learning cannot fully account for the
challenges associated with the acquisition of vocabulary in an L2. Unlike pseudowords (or low-
frequent words), learning a word in an L2 requires children to acquire L2 spoken and written forms
and to store them in their lexicon through tight connections with preexisting semantic representa-
tions (Comesaña et al., 2009). These new representations also become progressively connected to for-
mal L1 representations, leading to possible interactions at the lexical level (Grainger et al., 2010;
Poarch et al., 2015). Moreover, these L2 word forms may have specific formal properties. Spoken forms
are generally specific to the L2 owing to their phonetic features (see Marian et al., 2012). When it
comes to written words, the situation can be completely different depending on whether or not the
script is shared between languages. Here, we restricted ourselves to the case of sharing the same
alphabet (the Latin alphabet). In this case, although some orthographic patterns are also specific or
even exclusive to the L2 (e.g., ‘‘ght” occurs in English but not in French), most letters and graphemes
are usually shared across Latin alphabetic languages. Critically, this leads to specific challenges in
terms of orthography-to-phonology mappings in L2 words, which do not fully overlap with L1
orthography-to-phonology mappings (Botezatu, 2023; see Hayes-Harb & Barrios, 2021, for a review).
Therefore, in addition to a problem of within-language print-to-sound consistency, which could be
3
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alleviated when learning a language with transparent orthography-to-phonology mappings, L2 word
learning may also confront children with a problem of interlinguistic incongruency1 in orthography-to-
phonology mappings. We use the term congruency instead of inconsistency to prevent any confusion with
intralinguistic consistency. Owing to the tight connections between spoken and written language, relying
on the preexisting orthography-to-phonology mappings that are specific to an L1 during the early steps
of L2 learning results in initial mispronunciation of L2 forms. Therefore, the question is to know whether
the benefit of orthography reported in L1 word-learning studies could be extended to an L2. If so, it sug-
gests that children can rapidly overcome these initial incongruencies and adjust their preexisting
orthography-to-phonological mappings to L2 ones.

So far, only two studies have explored whether the benefit of orthography reported in an L1 could
be extended to L2 word learning in children (Hu, 2008; Krepel et al., 2021). Hu (2008) investigated the
contribution of written information on pseudoword learning in Chinese fifth-graders learning English
as an L2. Despite encouraging results showing an orthographic facilitation effect in a picture-naming
task, the very low number of items used by the authors (three items per learning condition) and the
heterogeneity of the sample in terms of experience with English as an L2 ruled out further generaliz-
ability. Recently, Krepel et al. (2021) had Dutch sixth-graders learn 12 English words (half of which
were incongruent ones). Following an initial fixation cross, the L1 (Dutch) written form was displayed
before or after the L2 (English) spoken and written forms for half the learning list. For the remaining
half, the L2 written form was not presented during learning. The authors reported a learning benefit of
L2 phonological forms when L2 written forms were displayed during learning. Critically, the L2 in this
study was English, a language with which the children were already familiar.
Studies conducted in the adult population learning an L2
Besides these two studies conducted in children (Grades 5 and 6), several studies have examined L2

word learning in adults in context (e.g., Elgort et al., 2015) or in isolation (e.g., Bartolotti & Marian,
2017; Bürki, Welby, Clément, & Spinelli, 2019; Escudero et al., 2023). Yet, most of the studies con-
ducted in adults were actually designed to examine a specific aspect of spoken word learning, that
is, whether phonetic processing is promoted by the exposure to the written form (see Hayes-Harb
& Barrios, 2021, for a review). Interestingly, most of these studies showed a deleterious impact of
orthography on learning L2 novel phonological contrasts, that is, which are not preexistent in the
native language such as Italian consonant gemination (see Bassetti, 2017; Bassetti et al., 2018;
Cerni et al., 2019), silent final consonants (Hayes-Harb et al., 2010), and minimal phonetic pairs
(Escudero, 2015; Escudero et al., 2008, 2014; Escudero & Wanrooij, 2010) or with different scripts
between the L1 and L2 (Showalter, 2018; Showalter & Hayes-Harb, 2015). In contrast, other studies
concluded that spelling provided precise phonological information (Bürki et al., 2019; Welby et al.,
2022). Beyond the phonetic deviation in vowel pronunciation, a benefit in spoken word recognition
and production was observed (Bürki et al., 2019; Welby et al., 2022). These studies conducted in adults
were generally focused on phonological processes (recognition and production) and used pseu-
dowords as targets. Thus. they mirror studies of L1 word learning in children, where a new form is
associated with a new meaning. Note that in several cases pseudowords were not attached to a mean-
ing. This is not precisely what is at stake in L2 learning, especially in an academic context where a
semantic representation already exists in an L1. In addition, a critical aspect is that children’s reading
experience and expertise change depending on their age. Whether their written word processing is
automatized might affect the benefit of the presence of orthography in word learning. Therefore, L2
vocabulary learning in children needs to be further examined given that acquiring an L2 confronts
children with different challenges than L1 word (or pseudoword) learning at different levels of reading
experience.
1 This problem of congruency can be illustrated as follows. The grapheme <u> is associated with the phoneme /u:/ in German
and with the phoneme /y/ in French. Therefore, the German word <Schuh> will be pronounced /ʃy/ instead of /ʃu:/.
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The current study

Our study explored whether exposure to orthography facilitates the acquisition and memorization
of L2 words in developing readers and the extent to which this orthographic advantage can be mod-
ulated by L1 reading experience. Using a paired-associated word-learning paradigm, we compared the
learning of 16 German words (Experiment 1) and 24 German words (Experiment 2) in two groups of
third- and fifth-graders who had French as their native language. We selected German for several rea-
sons. First, this language is not familiar to children, unlike English (De Wilde et al., 2020), so we could
test a completely unknown language. Second, German words differ from French words in terms of
their orthography-to-phonology mappings. More precisely, German words can display a varying
degree of orthography-to-phonology congruency with French grapheme–phoneme conversion (GPC)
rules, thereby ensuring an ecological set of German features. For example, for the German word
‘‘Stern,” the grapheme <s> is associated with the phoneme /ʃ/ in German but with /s/ in French. On
the contrary, the German word ‘‘Korb” can be read out rather correctly using French GPCs. Finally, Ger-
man has a rather consistent orthography, meaning that French children would not need to deal with
intralinguistic inconsistencies in addition to the problems of interlinguistic incongruencies mentioned
above. During the learning phase, children were assigned to either an orthographic learning condition
or a non-orthographic one. We chose a between-participants design rather than the more common
within-participants design because we wanted to avoid any exposure to German spelling for partici-
pants in the non-orthographic condition. The orthographic condition was characterized by the simul-
taneous presentation of L2 written and spoken forms associated with a picture, reflecting their related
concepts, whereas the non-orthographic condition substituted orthography by a series of hashes (to
control for visual display). Although previous L1 word-learning studies used both production and
recognition tasks, we used recognition measures to assess learning because L2 learners might have
difficulties in pronouncing new phonemes, leading to potential difficulties in evaluating accuracy.
The recognition task also allowed us to include many items to be learned, thereby ensuring robustness
of the data. Finally, using recognition measures allowed us to focus on each constituent of the lexical
representation—orthographic, phonological, and semantic (through the phonological-to-semantic
connection) representations—and to determine how precisely they were integrated into the lexicon.
To assess this, we designed three experimental tasks: (a) a picture designation task assessing the
phonology-to-semantic pathway (choose the correct picture corresponding to the spoken form), (b)
a spoken word recognition task (using a go/no-go task), and (c) an orthographic judgment task (recog-
nition of the correct German written form among three written distractors). Learning performance
was assessed immediately after the learning phase and after a 1-week delay to assess retention as pre-
viously examined in word-learning studies conducted in children (e.g., Chambré et al., 2017; Miles
et al., 2016; Ricketts et al., 2021).

These tasks allowed us to establish whether any orthographic advantage occurred for different
dimensions of vocabulary learning, including written, spoken, and conceptual forms. The study was
mainly exploratory, given the scarcity of data in the domain of orthographic facilitation in a foreign
language. Indeed, although there are several studies conducted in the L1 in monolinguals or in the
L1/L2 in bilinguals (e.g., Jubenville et al., 2014), in most cases the children already knew the
orthography-to-phonology mappings in the target language. Overall, we expected children assigned
to the orthographic condition to outperform those in the non-orthographic one because they were
the only ones to be exposed to the written form during learning. This was expected not only immedi-
ately after learning but also after a 1-week delay, in line with Ricketts et al.’s (2021) observations of a
deeper knowledge of meaning after 1 week. In addition, we expected the delay to increase the benefit
of orthography given that the simultaneous exposure to written and spoken forms may strengthen the
lexical representation, which should be more robust to time decay (see Ricketts et al., 2021). With
regard to the more specific tasks designed, we expected an orthographic advantage in phonological-
to-semantic learning assessed through the spoken form-to-picture task given that the multimodal
(spoken and written modalities) encoding of novel words may be particularly efficient to support
semantic learning, in line with the lexical quality hypothesis (Perfetti & Hart, 2002). Regarding the
spoken word recognition task, it remains unclear whether or not the presence of orthography facili-
tates the recognition of novel spoken forms. Indeed, children may be faced with great challenges when
5
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decoding L2 words with L1 decoding rules while listening to L2 spoken forms. Despite these potential
difficulties, we expected exposure to orthographic forms to still have a beneficial effect on spoken
word learning given the existence of congruent parts of words on which to rely, even for words con-
taining incongruencies (the word ‘‘Stern” contains one incongruent GPC between French and German
but contains four congruent units). As for the orthographic task, it was obvious that children exposed
to the written words would present higher scores in the orthographic judgment task compared with
children in the non-orthographic condition. Importantly, the task was designed so that we could
investigate the degree of precision of the orthographic representation by examining the type of errors
produced by the participants.

In addition, two grades were tested to examine the effect of L1 reading experience on orthographic
facilitation during L2 vocabulary learning. We tested third- and fifth-graders, because there is a con-
sensus that reading automatization occurs around Grade 4 (Byrnes & Wasik, 2009). Although Salins
et al. (2023) found an orthographic facilitation in an L1 for all groups of children from Grades 1 to
6, the effects were broader for the youngest groups. An explanation is that older children can generate
orthographic expectancies even in the absence of orthographic exposure, making the presentation of
orthography less critical. Although theoretically interesting, this mechanism might not apply to the L2
learning context of interest in the current study given that orthographic expectancies are potentially
less strong due to specificities of L2 spoken (phonetic) forms, especially if children have not been
exposed to foreign spellings during learning. Here, two views may be theoretically contrasted. On
the one hand, older children might display more cross-language interference when exposed to ortho-
graphic forms of novel words to be learned because they have more automatized orthography-to-
phonology mappings in the L1. This would suggest a weaker benefit of orthographic exposure for fifth
graders than for third graders. On the other hand, older children may extract and rely on this new
orthographic information more quickly, and therefore benefit more from orthographic exposure,
because they are more familiar with written word processing. This would inversely suggest a stronger
benefit of orthographic exposure for fifth-graders.

To recap, an orthographic facilitation was expected in all three tasks. We expected the presence of
orthography to reinforce the new phonological representation (word recognition), to strengthen the
connection between spoken words and semantics (picture designation), and to help memorize ortho-
graphic forms. As mentioned earlier, the impact of age is quite difficult to predict in an L2. Finally,
vocabulary learning was tested twice, immediately and after a 1-week delay, allowing us to look at
retention. Although it was hard to predict the impact of delay on retention overall, given that few
studies have tested it in an L1 (Chambré et al., 2017; Ricketts et al., 2021), we did expect the ortho-
graphic facilitation to be stronger at the 1-week delay. Because it was difficult to anticipate how many
foreign words children would be able to learn in a single session, we planned to conduct two exper-
iments. In the first one children needed to learn 16 words, and in the second one children needed to
learn 24 words.
Experiment 1

Method

Participants
An initial sample of 193 children was recruited from 11 elementary schools in the ‘‘Hauts de

France” region of France. They were French native speakers or had been learning French for at least
6 years. Importantly, we selected participants from schools where exposure to foreign languages
was limited to English for a maximum of 1 hr per week from Grade 3 onward. In addition, we ensured
that our participants had no prior knowledge of German before the learning session by asking them to
name selected images in German. None of them had specific educational needs. They had neither sen-
sory nor diagnosed cognitive disorders. Unfortunately, several participants did not complete the
whole study (i.e., learning, testing, and background cognitive and linguistic tasks) and therefore were
removed from further analysis. Among the remaining 142 children, 69 were fifth-graders (Mage = 10.62
years, SD = 0.49; 44 girls) and 73 were third-graders (Mage = 9.02 years, SD = 0.29; 40 girls). Partici-
6
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pants were randomly assigned to one of the two learning conditions; the orthographic condition
involved the simultaneous presentation of written and spoken forms during learning (n = 72, including
34 third-graders and 38 fifth-graders), whereas the written form was substituted by a series of sym-
bols in the non-orthographic condition (n = 60, including 29 third-graders and 31 fifth-graders). Their
characteristics are summarized in Table 1. The experiment was approved by the research ethics com-
mittee of the University of Lille.

Background cognitive and linguistic measures
All the participants completed the background measures during the second testing session. Non-

verbal reasoning was assessed through the colored progressive Raven matrices (Raven, 1981). Verbal
intelligence was measured by the Wechsler Intelligence Scale for Children–Fourth Edition (WISC-IV)
vocabulary subtest (Wechsler, 2005). Phonological short-term memory was assessed by the pseu-
doword repetition task subtest of the NEPSY II (Korkman et al., 2012), owing to the high correlation
between these skills and vocabulary learning (Gupta et al., 2003). Reading age and reading skills
(i.e., reading accuracy and fluency) were measured by the Alouette task (Lefavrais, 1967, 2005). In this
test, children need to read a text of 265 words for a maximum of 3 min. If they read all the words in
less than 3 min, their reading time is recorded. If not, the number of words read in 3 min is recorded.
Errors are recorded in all cases. Reading accuracy was calculated by multiplying by 100 the ratio
between the number of words accurately read compared with the total number of words read. Read-
ing fluency refers to the number of words accurately read in a 3-min period: the higher the score, the
more fluent the reading. The so-called reading age was obtained through reading using a table of cor-
respondence between scores of accuracy and fluency and reading age (see Lefavrais, 1967).

Separate statistical descriptive analyses were conducted on third-graders and fifth-graders to
ensure that participants were matched on their cognitive and linguistic skills in both learning condi-
tions. They showed that third-graders were matched on all cognitive and linguistic skills (all p val-
ues > .05) except for reading skills (for all three measures, p = .04). Third-graders assigned to the
orthographic condition exhibited higher scores in reading measures than those in the non-
orthographic condition. Therefore, we used reading age as a covariable to control for differences in
reading profiles across groups. The statistical descriptive analyses revealed homogeneous cognitive
and linguistic skills in both groups of fifth-graders (all p values > .10).

Learning and testing phases
The experiment was split into one learning session and two testing sessions. The immediate testing

took place right after the learning session. The delayed testing session assessed learning performance
after a 1-week delay. Learning and testing sessions took place in elementary schools, with the children
being trained and tested individually. The experimental design is summarized in Fig. 1.

Learning session. The learning material included a set of 16 German words. This language was selected
for its unfamiliarity to French children and its transparent orthography. The words were selected from
the SUBTLEX-DE database (Brysbaert et al., 2011) and included four to seven letters (M = 5.00,
SD = 0.89) and four to seven phonemes (M = 4.38, SD = 0.62). We ensured that their French equivalents
were frequent enough so that their semantic representation was already integrated into the children’s
lexicon. Frequencies were extracted from the MANULEX database (Lété et al., 2004), which is a corpus
base of children’s reading books. They comprised from 20 occurrences per million for the French word
poire (pear) to 774 occurrences per million for tête (head) (Mfrequency = 169.90, SD = 208.26). To ensure
the direct activation of the concept with exposure to the pictures, we also selected the words depend-
ing on their concreteness and imageability. Concreteness ratings of the French equivalents were esti-
mated on a 5-point Likert scale (M = 4.61, SD = 0.61) (see Bonin et al., 2018). Imageability ratings were
based on the Glasgow psycholinguistic norms (Scott et al., 2019) because, to our knowledge, no such
database is standardized in French. Thus, imageability was estimated on a 7-point Likert scale
(M = 6.69, SD = 0.74).

Neither German–French cognate words nor German–English ones were included in the experi-
ment. We also examined the formal properties of the stimuli. We measured the words’ minimal
bigram frequency across languages using the CLEARPOND database (Marian et al., 2012) to examine
7



Table 1
Summary of participants’ performances in cognitive and linguistic background tasks according to learning condition (orthographic
vs. non-orthographic) and grade (third-graders vs. fifth-graders) (16 items)

Orthographic
condition

Non-orthographic
condition

M SD M SD t test p value Cohen’s d

Third-graders
Chronological age 108.48 2.98 107.57 3.42 1.10 .28
Reading age 113.06 17.89 104.54 15.95 2.12 .04 0.51
Reading fluency 251.17 86.27 209.32 87.19 2.02 .04 0.48
Reading accuracy 94.63 3.44 92.76 3.71 2.19 .04 0.52
NWRT (max = 40) 32.68 4.23 32.33 4.98 0.30 .76
Raven matrices (max = 36) 23.59 3.79 22.07 3.77 �1.54 .13
L1 vocabulary (max = 68) 24.09 5.47 23.76 5.36 0.26 .80

Fifth-graders
Chronological age 127.78 5.28 127.28 5.75 �0.37 .72
Reading age 132.11 22.61 131.48 23.55 �0.11 .91
Reading fluency 338.50 97.73 333.63 102.43 �0.20 .85
Reading accuracy 96.39 2.47 96.90 1.62 0.96 .34
NWRT (max = 40) 34.76 3.58 35.11 3.78 0.37 .71
Raven matrices (max = 36) 26.78 4.32 26.21 5.00 0.37 .71
L1 vocabulary (max = 68) 35.97 5.92 34.66 5.73 �0.90 .37

Note. Reading measures were obtained from the Alouette test (Lefavrais, 1967, 2005). Reading age was inferred through reading
accuracy and fluency by using standardized reading age tables (Lefavrais, 1967). Reading fluency scores reflect the number of
words that would have been read in 3 min (reading fluency score > 265 means that the participant read the whole text in < 3
min). Reading accuracy was calculated by multiplying by 100 the ratio between the number of words read accurately and the
number of words read. NWRT, nonword repetition task subtest of NEPSY-II (Korkman et al., 2012) and assessed short-term
phonological memory skills; L1 vocabulary, first-language (French) vocabulary subtest of Wechsler Intelligence Scale for
Children (Wechsler, 2005). Raven matrices were used as a measure of nonverbal reasoning skills (Raven, 1981).

Fig. 1. Organization of the learning and testing sessions.
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their homogeneity in terms of orthographic markedness, a variable known to affect word learning
(Bartolotti & Marian, 2017; Major, 1987; Pérez-Serrano et al., 2021). Finally, German words differed
from French ones in terms of their orthography-to-phonology mappings. The selected German words
were characterized by a variable degree of orthography-to-phonology congruency according to French
GPC rules, thereby ensuring an ecological set of German features. For example, for the German word
‘‘Stern,” the grapheme <s> is associated with the phoneme /ʃ/ in German but with /s/ in French. Stimuli
are presented in Appendix 1 in the online supplementary material.

Pictures and sounds. The chosen German words were paired with black and white pictures selected
from the MultiPic database (Duñabeitia et al., 2018). The pronunciation of each German word was
recorded by three native German speakers using Audacity software (Version 2.1.1). We performed a
normalization procedure as well as a noise attenuation procedure of the initial audio stream. The
choice of offering three different voices for the learning phase was based on two factors. First, it
ensured that participants would not rely on specific prosodic indices such as tone, pitch, and accentu-
ation. Second, owing to the variability in speakers’ pronunciations, participants needed to adjust their
phonological representation of each German word, which may have helped them to improve their
spoken recognition of these words (Tapia et al., 2021). Children heard the three voices in the learning
phase with a rotation for each learning block. Similarly, they were tested with these three voices (one
voice per test, with a rotation across participants).

Procedure. The learning session took place in each elementary school using a laptop computer. We
first ensured that each picture was correctly recognized by asking children to name each picture in
their native language. The learning session then started. In the orthographic condition, the German
spoken and written forms were simultaneously presented, associated with their related picture. In
the non-orthographic condition, the German written form was substituted by a series of hashes2

(####) to match for the general visual display. Regardless of the learning condition, therefore, all par-
ticipants were exposed to the same number of audiovisual sources of information during learning.
Fig. 2 illustrates an example of a trial according to the learning condition. Each picture (and written word
in the orthographic condition) was displayed for 3 s. Children then needed to press the response key to
access the next word. During the learning session, each German word was presented 12 times. This
ensured that children had sufficient exposure to the learning material. This degree of exposure is consis-
tent with the recommendations promoting vocabulary learning in a natural setting (see Beck et al.,
2013). The learning session lasted 30 to 40 min.

Testing sessions. Learning performance was assessed by three computerized tasks: a picture designa-
tion task, a spoken recognition task, and an orthographic judgment task. They were carried out both
immediately after learning and after a 1-week delay in the same order. After each experimental task,
there was a shift in the speaker’s voice.3 Both testing sessions lasted 20 to 35 min. Background cognitive
and linguistic skills were assessed at the end of the 1-week delayed testing. The testing material is avail-
able in the appendices in the supplementary material (see Appendix 2 for the picture designation task,
Appendix 3 for the spoken recognition task, and Appendix 4 for the orthographic judgment task).

Picture designation task. The picture recognition task was used to assess the phonology-to-
semantic pathway. In each trial, an array of four pictures (i.e., the target and three trained pictures)
was displayed on the computer screen in a 2 � 2 grid. The pronunciation of a German word was then
provided through the children’s headphones. Participants needed to select the picture to which the
spoken word form referred. The positions of both the target and distractive pictures were counterbal-
anced between trials. Accuracy was recorded for each trial.

Spoken word recognition task. The spoken word recognition task was designed as a ‘‘purely” phono-
logical task to assess the ability of children to recognize German spoken words and the degree of pre-
cision of their phonological representation.

Two lists of 16 pseudowords were designed using the Wuggy software (Keuleers & Brysbaert,
2010). They were close phonological distractors to the learning list, differing by one or two phonemes
2 A series of hashes was preferred to a series of letter-like symbols, which could be confusing, as pointed by Ricketts et al. (2015).
3 We used the same speakers for the learning and testing sessions.
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Fig. 2. Example of a learning trial according to the learning condition (orthographic vs. non-orthographic learning condition).
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from the German words. These close phonological distractors were recorded at the same time as the
German words by the three native speakers to ensure that their pronunciations were as word-like as
possible.

For each trial, a spoken item (word vs. pseudoword) was played in the children’s headphones. No
visual indices were provided during the experimental task except for a fixation cross presented in each
trial. Participants needed to press the response key as fast as possible if they recognized the German
spoken words, but they should refrain from making any response for pseudowords. This so-called go/
no-go lexical decision task is recommended instead of the ‘‘standard” yes/no task in children (Moret-
Tatay & Perea, 2011). The upcoming items were displayed immediately after pressing the response key
or after a 3-s delay. Accuracy and response times were recorded.

Orthographic judgment task. The orthographic judgment task assessed whether participants were
able to recognize the spelling of German words when exposed to their written form during learning. It
also evaluated the degree of precision of the German orthographic representations by manipulating
the nature of the distractors. Responses in the non-orthographic condition served as a baseline, pro-
viding information on the orthographic predictions generated by the children in the absence of ortho-
graphic exposure.

For each German word, three types of distractors were designed. Close orthographic distractors
were created through a one-letter transposition (e.g., Pferd–Pfred, horse in English). Distant distractors
shared only a small orthographic overlap with the target German word (one to three letters depending
on word size, e.g., Pferd–Pfolt). The phonological distractors were homophonic with the target word
when using the French orthography–phonology mappings (e.g., Pferd–Pferte).

Four written versions of a German word (i.e., the target and three distractors) were displayed on
the screen in a 2 � 2 grid. Participants needed to recognize the accurate written form of each German
target word by clicking on one of the written transcriptions with the computer mouse. The positions of
the target and the distractive written forms were counterbalanced across sessions and trials. Accuracy
was recorded, as was the selected distractive spelling for each error.

Examples of trials for all tasks are provided in Fig. 3.

Results

Data analysis
Statistical analyses were conducted by using generalized mixed-effects models because this tech-

nique is the most suitable to take into consideration simultaneously the variability associated with
participants, items, and schools. These statistical analyses were conducted on R software (R Core
10



Fig. 3. Example of a trial in each experimental task (A: forced-choice picture word recognition task; B: orthographic judgment
task; C: go/no-go spoken word recognition task). No spoken information was provided during the orthographic judgment task
(B). No written information was provided during the forced-choice picture word recognition task (A) or during the go/no-go
spoken word recognition task (C). For the orthographic judgment task (B), there were a German word (Pferd) and three
distractive written forms : a close orthographic distractor (Pfred), a distant orthographic distractor (Pfolt), and a phonological
distractor (Ferte).
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Team, 2017), using the lmer and glmer functions from the ‘‘lme4” package (Matuschek et al., 2017) as
well as the ‘‘afex” package for estimating p values. Indeed, this approach was the most conservative
one by producing lower Type I error rates compared with the t-as-z approach (Luke, 2017). We per-
formed these analyses on the accuracy measures for each task. Statistical analyses on response times
were conducted on the spoken word recognition task because it was the only experimental task that
included a speed criterion. The random structure was initially set following a compromise between
the maximal random structure (Barr et al., 2013) and the parsimonious one (Matuschek et al.,
2017). This aimed to limit the models’ lack of convergence. Once the random structure was estab-
lished, we then included the fixed effects of grade, learning condition, and session. This followed a
model comparison approach for which each fixed and interaction effect was progressively included
as long as it led to a better fitted model, that is, with the smallest Akaike information criterion
(AIC). This statistical approach seemed to be highly relevant given that the literature did not provide
a clear picture on how our variables might modulate the learning performance. For models with bin-
ary outcome variables, we computed mixed logistic models. For continuous outcomes, especially for
the spoken word recognition task, we applied mixed linear models. Significant main and interaction
effects were reported using a cutoff point of p < .05. Subset models were computed in the event of
interaction to identify the contribution of each variable. As a reminder, third-graders were not
matched on their reading skills, so we included reading age as a covariate in the statistical analyses.
For all three experimental tasks, we present the best fitted model below. Descriptive statistics are pre-
sented for each experimental task in Table 2. We summarize the model and its parameters for each of
the three experimental tasks in Table 3.
11



Table 2
Participants’ performance on all three experimental tasks according to grade (third-graders vs. fifth-graders), orthographic learning condition (OLM vs. NOLM), and session (immediate vs.
delayed) in both experiments.

Experiment 1 (16 German words) Experiment 2 (24 German words)

Third-graders Fifth-graders Third-graders Fifth-graders

NOLM OLM NOLM OLM NOLM OLM NOLM OLM

M SD M SD M SD M SD M SD M SD M SD M SD

Forced-choice recognition task (accuracy)
Immediate 48.72 23.87 72.16 22.17 71.88 16.65 83.88 16.35 50.30 19.31 73.28 18.65 63.36 22.42 80.71 13.58
Delayed 51.76 21.01 68.94 20.14 72.60 15.88 80.72 14.58 54.46 16.59 74.53 15.07 61.80 18.61 80.86 13.14

Spoken recognition task (discrimination score)
Immediate 1.28 0.58 1.55 0.64 1.73 0.66 1.80 0.61 0.88 0.47 1.43 0.59 1.29 0.66 1.60 0.64
Delayed 1.01 0.77 1.78 0.78 1.66 0.70 1.80 0.68 0.94 0.83 1.32 0.75 1.18 0.61 1.84 0.87

Spoken recognition task (response time)
Immediate 1537 305 1572 315 1491 274 1576 225 1518 203 1573 211 1518 207 1502 285
Delayed 1562 289 1501 268 1434 242 1499 209 1574 214 1569 213 1523 181 1450 244

Orthographic judgment task (accuracy)
Immediate 28.71 14.37 61.13 18.11 43.15 23.05 74.18 16.30 30.91 10.15 60.34 18.95 38.67 21.55 70.22 16.08
Delayed 29.81 12.36 63.48 18.97 44.76 24.28 73.85 19.08 31.85 14.00 56.90 20.74 38.41 18.59 68.06 16.79

Note. OLM, orthographic learning condition; NOLM, non-orthographic learning condition.
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Table 3
Summary of the logistic mixed model analysis for variables predicting accuracy in the forced-choice recognition task and the
orthographic judgment task

Model and predictors Estimate SE 95% CI z value p value

LL UL

Forced-choice recognition task
Intercept 0.216 0.091 0.095 0.494 �3.631 <.001
Reading age 1.015 0.003 1.008 1.021 4.296 <.001
Learning condition 2.491 0.355 1.885 3.293 6.411 <.001
Grade 2.123 0.364 1.516 2.971 4.387 <.001
Model = glmer (forced_choice$Accuracy�Read_age + Learning_condition + Grade +(1|participant) + (1|item)+(1|

school),data=forced_choice,family=binomial(link=logit),control=glmerControl(optimizer=‘‘bobyqa”)

Orthographic judgment task
Intercept 0.061 0.025 0.028 0.136 �6.853 <.001
Reading age 1.016 0.003 1.009 1.023 4.791 <.001
Learning condition 4.247 0.553 3.290 5.483 11.100 <.001
Grade 1.629 0.256 1.197 2.217 3.103 .002
Model = glmer (forced_choice$Accuracy�Read_age + Learning_condition + Grade +(1|participant) + (1|item)+(1|

school),data=forced_choice,family=binomial(link=logit),control=glmerControl(optimizer=‘‘bobyqa”)

Note. CI, confidence interval; LL, lower limit; UL, upper limit.
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Picture designation task
In the group of third-graders, 2 children assigned to the orthographic condition had recognition

scores below 3 standard deviations (i.e., only one German word was accurately recognized); therefore,
they were removed from the study. Thus, statistical analyses were conducted on 140 participants: 71
third-graders and 69 fifth-graders.

We computed mixed logistic models to analyze participants’ performance in the forced-choice spo-
ken word–picture recognition task. The best fitted model included reading age, grade (third-graders
vs. fifth-graders), and learning condition (orthographic vs. non-orthographic) as fixed effects and
by-participant, by-item, and by-school random intercepts, AIC = 4930, v2(1) = 36.83, p < .001. The
inclusion of the main effect of session did not fit the model, AIC = 4935, v2(1) < 1, p = .70, ns. Despite
the inclusion of reading age as a covariate, the main effect of grade remained significant, with an odds
of accurate picture recognition 2.12 times higher in fifth-graders than in third-graders (78.38% vs.
58.46%, p < .001). Children assigned to the orthographic learning condition had an odds of accurate
picture recognition 2.49 times higher than that for children in the non-orthographic condition
(74.44% vs. 60.26%, p < .001). Interestingly, the inclusion of the interaction between grade and learning
condition did not lead to a better fitted model, v2(1) < 1, p = .81, ns.
Spoken word recognition task
Surprisingly, participants committed many false alarms for one of the pseudowords, namely Kitte.

This pseudoword was phonologically too ambiguous to be correctly rejected by participants, so we
decided to remove it from the analysis (i.e., 2.1% of the remaining data). We also removed response
times that were shorter than 300 ms (i.e., 3.7% of the remaining data). This led to removing more than
half of the responses for 3 third-grade children, who thus were excluded from the analysis. Given that
this task may elicit certain response strategies such as pressing the space key for all items or for none,
we fit our statistical approach into the framework of signal detection theory and calculated d0 scores
for sensitivity, which we termed discrimination scores. Discrimination scores were calculated as the
difference between the z-transformed distribution of accurate word recognition (hits) and that of
the acceptance of pseudowords (false alarms). Extreme recognition scores were adjusted by using
Macmillan and Kaplan’s (1985) transformation. A two-step cutoff was then applied to remove partic-
ipants whose discrimination score was below 0 as well as those who committed more false alarms
than the random level during the immediate testing session only. Unexpectedly, 12 participants (10
third-graders and 2 fifth-graders) met the cutoff and were removed from the study. Therefore, the sta-
tistical analyses were conducted on the remaining 117 participants, among whom 56 (including 30
13



F. Salomé, E. Commissaire and Séverine Casalis Journal of Experimental Child Psychology 246 (2024) 105978
third-graders) were assigned to the non-orthographic condition and 61 (including 25 third-graders)
were in the orthographic learning condition.

Discrimination scores. We used generalized mixed models to analyze participants’ discriminative
scores for immediate and delayed testing. The random structure included only by-participant random
intercepts given that discriminative scores were calculated on all items. The best fitted model included
grade, reading age, and learning condition as fixed effects and by-participant random intercept,
AIC = 476, v2(1) = 3.65, p = .06. We found a main effect of the learning condition (p = .001, congruent),
indicating that children assigned to the orthographic condition outperformed those in the non-
orthographic condition (1.74 vs. 1.40). The main effect of grade was significant (p = .006). Fifth-
graders exhibited better discriminative performance than third-graders (1.75 vs. 1.38). The interaction
between learning condition and grade did not reach significance (p = .06). Again, the inclusion of the
main effect of session did not lead to a better fitted model, AIC = 478, v2(1) < 1, p = .71, ns.

Response times. Statistical analyses were conducted on raw response times using the generalized lin-
ear mixed model. The best fitted model included reading age and session as fixed effects and by-
participant, by-item, and by-school random intercepts, AIC = 3769, v2(1) = 18.64, p < .001. The main
effect of session was significant, with faster response times in the delayed session than in the imme-
diate one (1490 vs. 1570 ms, p < .001). Reading age was a nonsignificant covariable in the analysis of
response times (p = .40, ns).

Orthographic judgment task
Owing to technical issues, the performance in the orthographic judgment task was missing for 2

participants. Statistical analyses were conducted on the remaining 140 participants, with 70 children
assigned to the non-orthographic learning condition (including 39 third-graders) and 70 in the ortho-
graphic condition (including 32 third-graders). Given that accuracy was a binary measure, we com-
puted mixed logistic models. The best fitted model included reading age, learning condition, and
grade as fixed effects and by-participant, by-item, and by-school random intercepts, AIC = 5185,
v2(1) = 27.68, p < .001. As expected, children who were exposed to orthography during learning exhib-
ited an odds of accurate written form recognition 4.25 times higher than that of children who were not
(68.66% vs. 35.78%, p < .001). Despite the inclusion of reading age as a covariate variable, the effect of
grade was still significant, with an odds 1.63 times higher among fifth-graders than among third-
graders (60.50% vs. 35.78%, p < .001). Neither the inclusion of the main effect of session
(AIC = 5187, p = .85, ns) nor the interaction between learning condition and grade (AIC = 5161,
p = .88, ns) better fit the model to the data.

Patterns of errors. For exploratory purposes, we also conducted statistical analyses on the errors com-
mitted. As a reminder, three different types of distractors were presented in each trial: close ortho-
graphic, distant orthographic, and phonological. First, chi-square homogeneity tests were conducted
to determine whether the errors committed were distributed evenly on the three types of distractors
across learning conditions (orthographic vs. non-orthographic learning condition) and among third-
graders and fifth-graders. Second, if significant and given that the chi-square homogeneity test is an
omnibus test, we conducted Scheffé post hoc pairwise comparisons4 between individual conditions
in accordance with the Goodman procedure (Goodman, 1963) described by Franke et al. (2011). All pair-
wise comparisons are presented in Table 4.

A 2 � 3 chi-square homogeneity test conducted between learning condition and type of error
revealed that errors were not evenly distributed across learning conditions, v2(2, 2138) = 90.32,
p < .001, Cramer’s V = .21. Post hoc analyses showed that the proportion of errors committed was lar-
ger for close orthographic distractors in the orthographic learning condition than in the non-
orthographic condition (54.6% vs. 33.1%), v2(1, 858) = 90.32, p < .001, but was smaller for distant
4 The Scheffé post hoc test is usually used for analysis of variance but also, and to a lesser extent, for posttest comparisons
following a chi-square homogeneity test. We used this specific post hoc test for its conservative approach, that is, minoring Type I
errors. The Scheffé critical value corresponds to the squared chi-square statistic.
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Table 4
Summary of the mixed linear regression model for variables predicting discrimination between words and close phonological
distractors in the spoken recognition task in the analysis including immediate and delayed sessions

Model and predictors Estimate SE 95% CI t value p value

LL UL

Immediate session vs. delayed session
Intercept 0.759 0.293 0.107 1.202 2.594 .01
Reading age 0.004 0.002 �0.000 0.009 1.380 .18
Learning condition 0.526 0.157 0.168 0.794 3.243 .001
Grade 0.467 0.167 0.236 0.838 2.860 .006
Learning Condition � Grade �0.412 0.215 �0.857 �0.023 �1.91 .06

Third-graders
Intercept 1.020 0.530 �0.037 2.016 1.96 .05
Reading age 0.001 0.005 �0.008 0.011 0.223 .82
Learning condition 0.547 0.175 0.218 0.902 3.120 .003

Fifth-graders
Intercept 1.062 0.391 0.222 1.751 2.720 .009
Reading age 0.005 0.003 �0.000 0.011 1.667 .11
Learning condition 0.113 0.134 �0.134 0.394 0.840 .40

Model=lmer(go_nogo$Discrimination_score � Read_age+Learning_condition + Grade + Grade*Learning_condition
+(1|participant),data=go_nogo).
Note. CI, confidence interval; LL, lower limit; UL, upper limit.
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orthographic distractors (12.7% vs. 19.2%), v2(1, 365) = 16.10, p < .001, and for phonological distractors
(32.8% vs. 47.7%), v2(1, 915) = 45.77, p < .001. Further statistical analyses were conducted following
the same procedure as above to determine whether the distribution of errors was modulated by grade
and by both grade and learning condition. They revealed that the proportion of committed errors was
not equally distributed in fifth-graders and third-graders, v2(2, 2138) = 13.42, p = .001, Cramer’s V
=.08. Post hoc analyses showed that fifth-graders committed a larger proportion of errors for close
orthographic distractors compared with third graders (44.2% vs. 37.4%), v2(1, 858) = 9.86, p = .01,
but committed a smaller one for distant orthographic distractors (14.2% vs 19.0%), v2(1,
365) = 8.87, p = .02. Chi-square homogeneity tests conducted between grade and learning condition
did not reach significance (p > .05, ns). These analyses are summarized in Table 5.

Discussion

Experiment 1 revealed orthographic facilitation in L2 vocabulary learning, including semantic,
orthographic, and phonological dimensions, which was observed regardless of grade level. This sug-
gests a generalized benefit from the presence of orthography in the early steps of L2 word learning,
given that German was unknown to all participants and in readers as young as third-graders. Although
this advantage was expected for orthographic and semantic learning, it was not as clear-cut for L2
phonological learning owing to the cross-language incongruencies of grapheme-to-phoneme map-
pings, making the contribution of orthography less predictive of L2 spoken representations. As men-
tioned in the Introduction, we conducted a second experiment in which the number of words to be
learned was increased to 24. However, the construction of the list was similar, including both congru-
ent and incongruent mappings.
Experiment 2

Method

Participants
Participants were 135 children recruited in the same elementary schools as in Experiment 1. Con-

sistent with the previous experiment, we removed participants who did not complete the whole
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Table 5
Summary of the pairwise comparisons conducted on the pattern of committed errors in the orthographic judgment task for
Experiment 1

w SE Scheffé test p

Close orthographic distractor
Non-orthographic condition vs. orthographic condition �.215 .023 �9.54 <.001
Third-graders vs. fifth-graders �.068 .022 �3.14 .01
Non-orthographic condition: Third-graders vs. fifth-graders �.059 .026 �2.30 .07

Distant orthographic distractor
Non-orthographic condition vs. orthographic condition .065 .016 4.01 .0003
Third-graders vs. fifth-graders .048 .016 2.98 .02
Non-orthographic condition: Third-graders vs. fifth-graders .044 .021 2.09 .11

Phonological distractor
Non-orthographic condition vs. orthographic condition .149 .022 6.77 <.001
Third-graders vs. fifth-graders .020 .022 0.91 .66
Non-orthographic condition: Third-graders vs. fifth-graders .015 .027 0.58 .85

Table 6
Summary of the participants’ performance on background tasks according to the learning condition (orthographic vs. non-
orthographic) and grade (third-graders vs. fifth-graders) in Experiment 2 (24 items)

Orthographic
condition

Non-orthographic
condition

M SD M SD t test p value

Third-graders
Chronological age 106.38 2.80 105.48 3.69 1.06 .30
Reading age 106.10 16.03 107.86 17.86 �0.39 .70
Reading fluency 211.46 84.27 221.71 91.25 �0.44 .66
Reading accuracy 94.49 3.31 93.81 3.93 0.71 .48
NWRT (max = 40) 34.48 2.31 34.00 3.56 0.59 .56
Raven matrices (max = 36) 22.43 4.53 23.04 6.09 �0.42 .68
L1 vocabulary (max = 68) 27.21 5.85 28.61 6.36 �0.87 .39

Fifth-graders
Chronological age 128.30 5.67 127.16 5.39 0.79 .43
Reading age 126.04 20.81 118.91 26.60 1.15 .26
Reading fluency 311.22 84.76 288.25 115.15 0.44 .66
Reading accuracy 96.28 2.41 96.03 2.09 0.86 .39
NWRT (max = 40) 34.21 2.38 35.07 2.93 0.99 .33
Raven matrices (max = 36) 23.46 4.95 24.90 5.11 �1.08 .29
L1 vocabulary (max = 68) 33.27 7.89 31.29 7.80 0.95 .35

Note. Reading measures were obtained from the Alouette test (Lefavrais, 1967, 2005). Reading age was inferred through reading
accuracy and fluency by using standardized reading age tables (Lefavrais, 1967). Reading fluency scores reflect the number of
words that would have been read in 3 min (reading fluency score > 265 means that the participant read the whole text in < 3
min). Reading accuracy was calculated by multiplying by 100 the ratio between the number of words read accurately and the
number of words read. NWRT, nonword repetition task subtest of NEPSY-II (Korkman et al., 2012) and assessed short-term
phonological memory skills; L1 vocabulary, first-language (French) vocabulary subtest of Wechsler Intelligence Scale for
Children (Wechsler, 2005). Raven matrices were used as a measure of nonverbal reasoning skills (Raven, 1981).
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experiment, leaving us with 116 remaining participants, including 57 third-graders and 59 fifth-
graders. Of these participants, 60 children, including 28 third-graders and 32 fifth-graders, were
assigned to a non-orthographic condition. The 56 remaining children, including 29 third-graders
and 27 fifth-graders, were assigned to an orthographic learning condition. Participants were matched
on their cognitive and linguistic performance (see Table 5). When examining the profiles of partici-
pants in Experiments 1 and 2 (see Table 6), we found that children were not matched on some of
the background tasks across our two experiments (see also Table 7 and General Discussion).
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Table 7
Summary of the participants’ performances on cognitive and linguistic background tasks between Experiment 1 (16 items) and
Experiment 2 (24 items)

Experiment 1 (16
items)

Experiment 2 (24
items)

M SD M SD t value p value Cohen’s d

Third graders
Orthographic learning condition
Age (in months) 108.63 2.88 106.38 2.80 3.08 .003 0.79
Reading age 113.06 17.89 106.10 16.03 1.59 .12
Reading fluency 251.17 86.27 211.46 84.27 1.82 .08
Reading accuracy 94.63 3.44 94.49 3.31 0.16 .87
NWRT 32.68 4.23 34.48 2.31 �1.97 .05 �0,51
Raven matrices 23.59 3.79 22.43 4.53 �0.14 .88
L1 vocabulary 24.09 5.47 27.21 5.85 �2.15 .04 �0,55

Non-orthographic learning condition
Age (in months) 108.00 3.81 105.18 3.69 3.03 .004 0.75
Reading age 104.54 15.95 107.86 17.86 �0.80 .43
Reading fluency 209.32 87.19 221.71 91.25 �0.56 .58
Reading accuracy 92.76 3.71 93.81 3.93 �1.12 .27
NWRT 32.33 4.98 34.00 3.56 �1.48 .15
Raven matrices 22.07 3.77 23.04 6.09 �1.85 .07
L1 vocabulary 23.76 5.36 28.61 6.36 �3.35 .001 �0.84

Experiment 1 (16
items)

Experiment 2 (24
items)

M SD M SD t value p value Cohen’s d

Fifth graders
Orthographic learning condition
Age (in months) 127.73 5.92 128.30 5.67 �0.39 .70
Reading age 131.43 23.10 126.04 20.81 0.96 .34
Reading fluency 336.73 98.06 311.22 84.76 1.09 .28
Reading accuracy 96.48 2.43 96.28 2.41 0.31 .76
NWRT 34.50 3.61 34.21 2.38 0.31 .76
Raven matrices 25.53 4.29 23.46 4.95 1.73 .09
L1 vocabulary 35.25 5.94 33.27 7.89 1.13 .26

Non-orthographic learning condition
Age (in months) 127.34 5.58 127.16 5.39 0.14 .89
Reading age 132.38 22.42 118.91 26.60 2.22 .03 0.55
Reading fluency 338.55 97.49 288.25 115.15 1.89 .06
Reading accuracy 97.03 1.60 96.03 2.09 2.15 .04 0.54
NWRT 35.19 3.58 35.07 2.93 0.14 .89
Raven matrices 26.25 4.79 24.90 5.11 1.08 .28
L1 vocabulary 34.81 5.49 31.29 7.80 2.08 .04 0.52

Note. Reading measures were obtained from the Alouette test (Lefavrais, 1967, 2005). Reading age was inferred through reading
accuracy and fluency by using standardized reading age tables (Lefavrais, 1967). Reading fluency scores reflect the number of
words that would have been read in 3 min (reading fluency score > 265 means that the participant read the whole text in <3
min). Reading accuracy was calculated by multiplying by 100 the ratio between the number of words read accurately and the
number of words read. NWRT, nonword repetition task subtest of NEPSY-II (Korkman et al., 2012) and assessed short-term
phonological memory skills; L1 vocabulary, first-language (French) vocabulary subtest of Wechsler Intelligence Scale for
Children (Wechsler, 2005). Raven matrices were used as a measure of nonverbal reasoning skills (Raven, 1981).
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Learning and testing sessions
Words. An additional 8 supplementary German words were selected from the SUBTLEX database (see
Brysbaert et al., 2011) and were added to the 16 used in Experiment 1 (see Appendix 5 in supplemen-
tary material for the list of stimuli). The two learning lists (i.e., 16 items and 24 items) were compa-
rable regarding linguistic characteristics, especially their letter and phoneme length, and the level of
phonological and orthographic overlapping of the French equivalents and their frequency, concrete-
ness, and imageability (all p values > .10).
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Pictures and sounds. An additional 8 black and white pictures were selected from the MultiPic data-
base (Duñabeitia et al., 2018). All words were pronounced by the same three native German speakers
as in Experiment 1, and the same recording and standardization of the audio stream were performed.

Learning session and testing tasks. The procedures for both learning and testing sessions were identical
to those in Experiment 1. The only difference was that learning lasted about 40 to 45 min and testing
lasted about 30 min.

The testing material is available in the appendices in the supplementary material (see Appendix 6
for the picture designation task, Appendix 7 for the spoken recognition task, and Appendix 8 for the
orthographic judgment task).

Results

Performance in all experimental tasks is detailed in Table 2. The model and its parameters for each
experimental task are presented in Tables 8–10. Consistent with Experiment 1, the inclusion of the
main effect of session did not better fit to the data for each experimental task, v2 < 1, all p values > .10.
Therefore, we did not include the effect of session in the following analyses.

Picture designation task
The best fitted model included learning condition and grade as fixed effects and by-participant, by-

item, and by-school random intercepts, AIC = 6035, v2(1) = 10.77, p = .001, as in Experiment 1. We
found a significant main effect of the learning condition (p < .001), with an odds 2.29 times higher
in children in the orthographic condition than in children in the non-orthographic condition. There
was also a main effect of grade (p = .001), with an odds of accurate recognition 1.79 times higher in
fifth-graders than in the third-graders. The interaction between grade and learning condition did
not lead to a better adjustment of the model, AIC = 6037, v2 < 1, p = .41, ns. A summary of the model
is presented in Table 8.

Spoken word recognition task
Response times shorter than 300 ms were removed prior to further statistical analysis (i.e., 6.07% of

the remaining data). This led to removing more than 50% of the response times for 6 participants (i.e.,
4 third-graders and 2 fifth-graders), who therefore were excluded from the analysis. Once again, we
calculated discrimination scores for each participant, excluding from the analysis the 7 participants
whose false alarm rate was above the random level. Statistical analyses were conducted on the 103
remaining participants, among whom 49 (including 23 third-graders) were assigned to the non-
orthographic condition and 54 (including 28 third-graders) were in the orthographic condition.

Discrimination scores. Following the same procedure as in Experiment 1, we found that the best fitted
model included learning condition and grade as fixed effects and by-participant random intercepts,
AIC = 408, v2(1) = 8.93, p = .003. There was a significant main effect of learning condition, suggesting
higher discrimination scores in the orthographic condition than in the non-orthographic condition
(1.54 vs. 1.09, p < .001). There was also a main effect of grade, with fifth-graders outperforming
third-graders (1.47 vs. 1.16, p = .004). Again, the inclusion of the main effect of session did not lead
to a better adjusted model, AIC = 409, v2(1) < 1, ns. A summary of the model is presented in Table 9.

Response times. The best fitted model included grade as a fixed effect and by-participant, by-item, and
by-school random intercepts, AIC = 5007, v2(1) = 2.70, p = .09, with a marginal main effect of grade
(p = .07). Thus, third-graders tended to recognize German words more slowly than fifth-graders
(1559 vs. 1471 ms).

Orthographic judgment task
Statistical models were computed on accuracy measures using logistical mixed models. The best

fitted model here included learning condition and grade as fixed effects and by-participant, by-
item, and by-school random intercepts, AIC = 6864, v2(1) = 5.74, p = .02. As in Experiment 1, we found
18



Table 8
Summary of the logistic mixed model analysis for variables predicting accuracy in the picture designation task and in the
orthographic judgment task in Experiment 2 (24 items)

Model and predictors Estimate SE 95% CI z value p value

LL UL

picture designation task
Intercept 1.116 0.309 0.649 1.919 0.396 .692
Learning condition 2.254 0.331 1.691 3.004 5.547 <.001
Grade 2.033 0.441 1.329 3.111 3.269 .001
Model = glmer (forced_choice$Accuracy� Learning_condition + Grade +(1|participant) + (1|item)+(1|

school),data=forced_choice,family=binomial(link=logit),control=glmerControl(optimizer=‘‘bobyqa”)

Orthographic judgment task
Intercept 0.427 0.070 0.310 0.588 �5.225 <.001
Learning condition 3.855 0.461 3.051 4.872 11.296 <.001
Grade 1.424 0.203 1.077 1.883 2.480 .01
Model = glmer (forced_choice$Accuracy� Learning_condition + Grade +(1|participant) + (1|item)+(1|

school),data=forced_choice,family=binomial(link=logit),control=glmerControl(optimizer=‘‘bobyqa”)

Note. CI, confidence interval; LL, lower limit; UL, upper limit.

Table 9
Summary of the mixed linear regression model for variables predicting discrimination between words and close phonological
distractors in the spoken recognition task in the analysis including immediate and delayed sessions in Experiment 2 (24 items)

Model and predictors Estimate SE t value p value

Immediate session vs. delayed session
Intercept 0.941 0.104 9.028 <.001
Learning condition 0.445 0.116 3.835 <.001
Grade 0.338 0.116 2.917 .004
Model=lmer(go_nogo$Discrimination_score � Learning_condition + Grade + (1|participant),data=go_nogo).

Table 10
Summary of the pairwise comparisons conducted on the pattern of committed errors in the orthographic judgment task for
Experiment 2 (24 items)

w SE Scheffé test p

Close orthographic distractor
Non-orthographic condition vs. orthographic condition �.197 .019 �10.26 <.001
Third-graders vs. fifth-graders �.069 .018 �3.80 <.001
Orthographic condition: Third-graders vs. fifth-graders �.087 .032 �2.69 .03
Non-orthographic condition: Third-graders vs. fifth-graders �.079 .021 �3.73 .001

Distant orthographic distractor
Non-orthographic condition vs. orthographic condition .074 .014 5.17 <.001
Third-graders vs. Fifth-graders .010 .014 0.68 .79
Orthographic condition: Third-graders vs. fifth-graders .017 .022 0.79 .73
Non-orthographic condition: Third-graders vs. fifth-graders .013 .018 0.72 .77

Phonological distractor
Non-orthographic condition vs. orthographic condition .123 .019 6.55 <.001
Third-graders vs. Fifth-graders .059 .018 3.26 .005
Orthographic condition: Third-graders vs. fifth-graders .069 .030 2.29 .07
Non-orthographic condition: Third-graders vs. fifth-graders .066 .022 2.96 .01
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a significant main effect of learning condition, with an odds of accurate written word recognition 3.86
times higher in the orthographic learning condition than in the non-orthographic one (65.70% vs.
35.02%, p < .001). The main effect of grade was also significant, with an odds of accurate spelling
1.42 times higher in fifth-graders than in third-graders (52.54% vs 44.55%, p = .01). See Table 10 for
a summary of the model.
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Pattern of errors. Statistical analyses were conducted following the same procedure as in Experiment
1. The statistical analyses showed that the pattern of errors was comparable to that of Experiment 1.
Indeed, 2 � 3 chi-square homogeneity tests revealed that errors were not evenly distributed across
learning conditions, v2(2, 2138) = 90.32, p < .001, Cramer’s V = .21, and across grade, v2(2,
2138) = 15.21, p = .001, Cramer’s V = .07). Post hoc pairwise comparisons in the event of heterogeneous
distribution of committed errors showed two results. First, it yielded a larger proportion of close
orthographic distractor errors in the orthographic learning condition compared with the non-
orthographic one (53.4% vs. 33.7%), v2(1, 1183) = 105.18, p < .001, but it yielded a lower proportion
for distant errors (13.5% vs. 20.9%), v2(1, 543) = 26.78, p < .001, and for phonological errors (33.1%
vs. 45.4%), v2(1, 1215) = 42.86, p < .001. Second, we found a larger proportion of close orthographic
distractors (44.0% vs. 37.1%), v2(1, 1183) = 14.47, p = .001, and a lower proportion of phonological dis-
tractors (38.1% vs. 44.0%), v2(1, 1215) = 10.64, p = .004, in fifth-graders compared with third-graders,
but we found no differences for distant orthographic errors, v2(1, 543) < 1, p = .79, ns. The details of the
distribution of distractors are presented in Appendix 9 in the supplementary material.
General discussion

Identifying the nature of orthographic facilitation in vocabulary learning is a hotly discussed issue.
In studies conducted in children and in an L1, several researchers have argued that the benefit of spel-
ling exposure may reflect the strong interplay between orthography and phonology (see orthographic
mapping theory in Ehri, 2014) owing to the extensive experience in linking the spoken to the written
modality with increasing reading skills. In an L2, adult studies show that providing orthographic infor-
mation helps in memorizing more words, even though learning without orthography helps L2 learners
to pay more attention to phonemes and to pronounce newwords more accurately (Welby et al., 2022).
Information regarding L2 learners who are developing readers is lacking, especially about how reading
experience influences the contribution of orthography.

In two experiments involving 16 and 24 items to be learned respectively, we explored whether
orthography contributes to the encoding and memorization of L2 vocabulary, as reported in L1 word
and pseudoword learning in adults and children (see Colenbrander et al., 2019). We tested the impact
of being exposed or not to orthography in L2 word learning in three tasks reflecting three aspects of
lexical learning: a picture designation task to assess phonology-to-semantic pathway learning, a spo-
ken word recognition task to assess phonological learning, and an orthographic choice task for ortho-
graphic learning. We also evaluated whether this orthographic facilitation was modulated by the
degree of reading experience in the L1 by comparing third-graders and fifth-graders. Overall, ortho-
graphic facilitation was observed in all three lexical measures and in both experiments, with no inter-
action with grade.

Our first task was a picture designation task designed to reflect the phonology-to-semantic path-
way. Our results were clear: The presence of orthography was beneficial at each time point (immedi-
ately and 1 week later), each grade level (Grade 3 and Grade 5), and whatever the number of items to
be learned (16 vs. 24). Therefore, we posit that orthography is beneficial in learning the link between
L2 phonological words and their meanings. Given that the picture designation task did not involve any
orthographic information, the benefit of exposure to a written form during vocabulary learning may
be explained by a connection between orthographic and phonological information, leading to the rein-
forcement of the lexical phonological form itself and/or the phonology-to-semantics link. This inter-
pretation is supported by the results of the spoken word recognition task, designed to assess the
quality of phonological representations per se by asking participants to discriminate learned words
from phonemically close distractors. Orthographic facilitation was found again in both experiments,
with higher discrimination scores when children were exposed to orthography during learning than
when they were not. Such a pattern of results is consistent with previous studies conducted in L1
(pseudo)word learning (Jubenville et al., 2014; Miles et al., 2016; Ricketts et al., 2009, 2021; Salins
et al., 2023; see Colenbrander et al., 2019, for a review). However, there are major differences between
word learning in an L1 and an L2 even when L1 studies use pseudowords instead of words (e.g.
Ricketts et al., 2009). Indeed, children must learn new meanings in L1 studies, which was not the case
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in the current study. Importantly, orthography-to-phonology mappings are less familiar in an L2 and
sometimes are even unknown, as in the current experiments. In adults, previous studies already found
an advantage of orthography in spoken word recognition, although it can also have an interfering
effect on pronunciation and L2 phoneme discrimination (Hayes-Harb & Barrios, 2021; Welby et al.,
2022). In some L2 word-learning experiments conducted in adults, participants needed to learn pseu-
dowords (involving learning new meanings) and were familiar with the orthography of the L2 (e.g.,
Welby et al., 2022). The current word-learning study examined developing readers exposed to a com-
pletely unknown L2. Thus, the question of the existence of orthographic facilitation in vocabulary
learning was essential given that orthographic processing is not fully automatized in children, espe-
cially before Grade 4. We could have expected a stronger effect in older children given that fifth-
graders have more automatic reading processes than third-graders (Byrnes & Wasik, 2009). Critically,
these children showed the benefit of orthography without a significant interaction with age in both
experiments.

The orthographic task was designed to evaluate how children memorized L2 word spellings
through a recognition task to avoid the floor effects potentially observed in production. This task also
made it possible to identify the type of errors made and to understand how orthographic information
was encoded. As expected, children who were exposed to orthography performed a more accurate
recognition of the novel written words than those who were not. We designed three categories of dis-
tractors (e.g., for the German word ‘‘Berg” [mountain]: (a) close orthographic distractors characterized
by a large form overlap with the target word [Breg], (b) distant distractors with a restricted form over-
lap [Bimp], and (c) phonological distractors that were homophonic with the target form when stem-
ming on L1 orthography-to-phonology mappings [Bergue]). Thus, the latter reflected the prediction of
the written form a child may have when exposed to the spoken form, based on L1 French orthography-
to-phonology mappings, in line with the orthographic skeleton hypothesis (Wegener et al., 2018).
Interestingly, irrespective of the degree of reading experience, participants tended to commit more
close orthographic errors (Breg for Berg) than the other two types of errors when they were exposed
to orthography during learning. However, they preferred the homophonic distractors when they were
not exposed to orthography during learning (Bergue for Berg). In the absence of written information,
thus, children seemed to rely on L1 orthography-to-phonology mappings to build an orthographic rep-
resentation. Thus, they were able to learn novel written forms after a rather limited exposure to
orthography during learning. Although previous studies conducted in an L1 strongly evidenced how
fast L1 orthography is learned while reading (e.g., for orthographic choice: Lucas & Norbury, 2014;
for production: Miles et al., 2016), our study extends this observation for L2 word learning.

Two grades were tested to examine, for the first time, the effect of L1 reading experience in ortho-
graphic facilitation during L2 vocabulary learning. We tested third-graders and fifth-graders because
there is a consensus that reading automatization occurs around Grade 4 (Byrnes & Wasik, 2009). Two
views may be theoretically contrasted. On the one hand, older children might display less ortho-
graphic facilitation due to greater cross-language interference when exposed to the orthographic
forms of the novel words to be learned given that they have more automatized orthography-to-
phonology mappings in the L1. On the other hand, they may extract and rely on this new orthographic
information more quickly and show greater benefit from orthographic exposure given that they are
more familiar with written word processing, and that there is still some partial overlap across lan-
guages beyond incongruencies. Note that French third-graders and fifth-graders were exposed to
some English words at school. Because older children are more familiar with English orthography than
younger children, it could help them to deal with navigation among incongruencies even when faced
with a new foreign language like German. Our data cannot help to disentangle these aspects given that
no interaction with grade was significant. Although older children systematically outperformed
younger children in all three tasks, the benefit of orthography was comparable across grades in both
experiments and in all tasks. The similar contribution of orthography in both the picture designation
and spoken word recognition tasks, where foils were close phonological distractors, contrasts with the
strong grade effect observed in the spelling recognition task, especially in children exposed to orthog-
raphy. Fifth-graders recognized about 60% of correct spellings, whereas third-graders recognized only
35%. This means that older children have developed stronger skills in orthographic memorization.
Thus, although fifth-graders processed written words more accurately, they showed no greater ortho-
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graphic facilitation effect in the phonological and semantic tasks than third-graders. Both groups pre-
ferred close orthographic foils. Overall, this indicates that younger children relied on partial ortho-
graphic encoding to reinforce their phonological representations of L2 words. The more experienced
the children, the more letters contributed to reinforcing their phonological representations, leading
to higher scores. However, the processes cannot be considered as qualitatively different. Interestingly,
the Salins et al (2023) study, which was designed to test for age effects, also evidenced a generalized
orthographic facilitation in the L1, not differing across grade levels in the picture naming task. Note,
however, that an age effect was found in the picture–word matching task, where the orthographic
facilitation was limited to the youngest groups (from Grade 1 to Grade 4). Additional studies, probably
using more fine-grainedmeasures—such as the graded measures used by Ricketts et al. (2021)—will be
needed to further explore the impact of reading experience on orthographic facilitation in a foreign
language.

We tested children both immediately and 1 week later in the two experiments, allowing to test
retention. The pattern of results never differed between both testing sessions; the three lexical dimen-
sions involved in vocabulary learning did not undergo any decay after 1 week. Several studies con-
ducted in an L1 also tested retention after 1 week (e.g., Chambre et al., 2017, 2020; Ricketts et al.,
2021; Valentini et al., 2018). All observed that word knowledge was retained over time, even after
8 months (Ricketts et al., 2021). Of course, one cannot rule out that the children were trained during
the week, although this is rather unlikely given that German words are not familiar to the general
French population. In addition, children did not mention any training when asked. In addition, we
found no interaction between learning condition and testing session, suggesting a comparable ortho-
graphic effect in both sessions. This result runs counter to our hypothesis of an enhanced orthographic
facilitation effect after 1 week due to the strengthening of connections among orthography, phonol-
ogy, and semantic information over time. Future studies using additional tasks capturing lexical
engagement processes may be needed to examine the effect of time on lexical consolidation in more
detail. Note that we found faster response times in Experiment 1 in all groups, suggesting a kind of
consolidation, which was not observed, however, in Experiment 2.

We ran two experiments in the current study because it was difficult to anticipate the number of
German words that could be retained, providing us with the opportunity to replicate and guarantee
robustness. The results were remarkably consistent whether children needed to learn 16 words
(Experiment 1) or 24 words (Experiment 2), thereby allowing us to confidently discuss the nature
of orthographic facilitation in L2 word learning. This also shows that the increasing cognitive load dur-
ing memorization did not modulate the orthographic facilitation effect. However, the percentage of
correct responses (in the three tasks) was similar in the two experiments regardless of the number
of items to be learned. This suggests that the quantity of words learned was not constant, which is
quite hard to explain. Increasing the number of words should increase the memory load, leading to
lower recognition scores. On the other hand, it may provide more opportunities to become familiar
with the phonemes of this new L2 and, for the children exposed to orthographic information, to rein-
force orthography-to-phonology mappings in the L2. Again, this pioneering study in an L2 learning
context should be followed by others to answer questions raised by the results, including how learners
might adapt their strategies to optimize learning.

The congruency issue should also be examined in greater depth, that is, the possible impact of
cross-language (in)congruency of print-to-sound mappings. It is hard to adopt an ‘‘all-or-none”
approach to this question given that phonemes do differ across languages; no word can be considered
as purely congruent. However, orthography-to-phonology mappings between L1 and L2 can be con-
sidered very close (e.g., hat in English and German) or distant (e.g., brave could be read out as /BraFe/
in German). Interestingly, two very recent studies reported contradictory results in English as L2
learning. Krepel et al. (2021) found that the benefit of orthographic exposure in L2 learning, assessed
through a translation task, was significant for congruent words but not for incongruent words. A dif-
ferent pattern was observed by Welby et al. (2022) with English-like pseudowords. They reported an
orthographic facilitation effect in picture naming and matching tasks (production and recognition
tasks, respectively) for words whose vowels had incongruent grapheme-to-phoneme mappings across
languages. However, orthographic exposure did pull the vowels toward more L1-like pronunciations.
In our experiments, the stimuli included both congruent and incongruent L2 words, matched on
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length and frequency of L1 translation equivalents. Although it was not possible to make reliable com-
parisons owing to the low number of items per condition, examination of the descriptive statistics
revealed that mean accuracy was very close for both types of items.

Finally, the languages at stake should be considered with regard to the facilitation effect, especially
the impact of the L1 in L2 word learning. Certainly, it should be different to learn L2 words in a con-
sistent or inconsistent orthography. In addition, children’s L1 should also have an impact on how they
can rely on orthographic information. This should be tested in subsequent studies. Here, children
whose L1 orthography (French) is relatively inconsistent learned a new language whose orthography
is rather consistent (German), thereby limiting orthographic learning difficulties to the problem of
cross-language incongruency without any within-language inconsistency issue.

Our study has some limitations. First, we used a between-participants design, leading to the pos-
sibility that interindividual differences between groups also account for differences in the ortho-
graphic facilitation effect. Although studies conducted in an L1 generally have used a within-
participants design (but see Jubenville et al., 2014, for a between-participants design), we took the
opportunity of the children’s unfamiliarity with the German orthography to keep the non-
orthographic group completely outside of this knowledge. Therefore, orthographic expectancies that
could have interfered with orthographic facilitation (Salins et al., 2023) were very limited. However,
having used a large battery of cognitive and language tasks allowing us to compare the groups (and
to statistically control variables if necessary), we can be reassured that the orthographic facilitation
effect observed is not due to more general differences between the children. Another limitation is that
our study did not include a power analysis, which was not possible to compute before conducting the
current experiments due to the lack of studies on this topic in children learning an L2. However, it
would have been beneficial to compute power analysis after the first experiment if the two studies
had been carried out successively, which unfortunately was not the case.

An important caveat, suggested by a reviewer, is that our measures of word learning cannot
address one key dimension of vocabulary learning, namely the ability to use words. Because children
learned only a few words (16 or 24) from an unknown language, it was inherently not possible to test
this. Assessments in more ecological conditions should be conducted to answer this point. Along the
same line, in our word recognition task distractors were phonologically close to the target words,
meaning that participants needed to have built a very precise spoken representation of novel L2 words
to succeed in the task. Therefore, our tasks were not designed to examine partial word learning. In a
recent study, Ricketts et al (2021) used graded measures of word learning within a dynamic assess-
ment. Children were first asked to provide a definition; if they were not able to do so, a semantic
cue was provided. Finally, if they failed at this step, they were asked to select the correct definition
among four definitions. In our study, a more fine-grained approach—including both close and distant
distractors, for example—could have revealed a different pattern of results (e.g., effects of grade and
delay). Finally, during the learning phase, written words were presented for only 3 s. This duration
may have been too short for the youngest children and may have contributed to their worse perfor-
mance. Future studies may explore the duration of written word presentation in more detail. Note that
the number of times a word needs to be repeated for successful learning should also be considered.

In conclusion, the use of a paired-associate word-learning paradigm promoted the acquisition and
memorization of a large set of L2 German words among French native children from two grade levels.
Learning performance was high and robust to time decay, with a systematic advantage for children
exposed to orthographic forms of L2 novel words over children without such information. Therefore,
our study concurs with previous studies conducted in an L1 in spite of the differences between L1
word learning and L2 word learning. Indeed, semantic information is already present in L2 word learn-
ing. Conversely, new phonemes must be learned in the L2 as well as new orthography-to-phonology
mappings. Our results can be explained by the strong interplay between orthographic and phonolog-
ical processing: phonological representations are quickly and automatically activated upon the pre-
sentation of a written word. Conversely, spoken language activates their written correspondents, in
line with the lexical quality hypothesis (Perfetti & Hart, 2002). Given these promising results, it is
essential to provide evidence of their possible transfer to a classroom setting. It seems essential to doc-
ument when and how much written information should be provided when children learn a foreign
language at school. Future experimental studies should probe how L2 orthography is processed during
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vocabulary learning, including its impact on phonological and semantic learning, taking into account
the psycholinguistic properties of novel words such as orthographic features and print-to-sound
congruency.
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