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Title: Photograph method fosters direct access to second-language word meaning: direct

evidence from a word-picture matching task

Short title: Photograph method fosters conceptual links

Abstract:

This experiment was designed to investigate conceptual links directly through a word-picture
matching task in children. Participants were asked to indicate between two pictures the one
depicting the same concept as the newly learned L2 word (target). One of the two pictures was
the target, while the other was either semantically related to it or was unrelated. To investigate
whether learning methods modulate L2 word processing, two learning methods were compared:
an L2-photograph method and an L1-L2 method. Results showed that learning was worse with
the L1-L2 method than with the picture method. In addition, we found a semantic interference
effect only with the L2-photograph method: children responded more slowly in the related
condition than in the unrelated one. We interpret this result as suggesting that the picture method
promotes conceptual links more than the L1-L2 method. We conclude that learning method
modulated L2 word processing and L2 word meaning was not necessarily accessed through L1

mediation in the first steps of learning.
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1. Introduction

Mastering two or more languages is a major asset in today’s society (see e.g. Grin et al.,
2009), and 88% of Europeans consider that knowing foreign languages is very useful (European
Commission, 2012). Nevertheless, only 54% of Europeans are able to hold a conversation in at
least two languages, and 25% in at least three languages (European Commission, 2012). To
enhance foreign language mastery, the European Union has set the objective that every young
European should learn two languages in addition to their mother tongue (European Council,
2002; European Council, 2017). Investigating second language (L2) word learning is one of the
keys to understand and, consequently, enhance the acquisition of foreign languages, since
vocabulary level is strongly related to language comprehension (for reading comprehension
see: Lervag & Aukrust, 2010; Nation, 2006; for auditory comprehension: Nation, 2006; Staehr,

2009) and is one of the best predictors of L2 comprehension (Lervidg & Aukrust, 2010).

The present study focuses on access to the meaning of newly learned words in the first
stages of language acquisition at school, because this issue is underexplored. First, we discuss
theoretical models describing the first stages of L2 lexical development, and how they have
been developed on the basis of results obtained with late learners. Given the differences
between adult and children learners that are described in the second part, it is important to check
whether these models also apply in early learners by investigating L2 word processing in

children, in whom no model has yet been proposed.



Models of L2 lexical development in late learners such as the Revised Hierarchical
Model (RHM, Kroll & Stewart, 1994; Kroll et al., 2010) and the developmental Bilingual
Interactive Activation model (BIA-d, Grainger et al. 2010) postulate that L1 and L2 words are
stored in two different lexicons connected by lexical links (at least in the first steps of learning
for BIA-d, see also the Shared Asymetrical Model, Dong et al., 2005 and the Modified
Hierarchical Model, Pavlenko, 2009). These models postulate that L2 word processing evolves
as a function of L2 proficiency, i.e. conceptual links connecting L2 words and semantic
representations are reinforced as L2 learners become more proficient. This evolution implies
that non-proficient L2 learners mainly use lexical-level links and access L2 word meaning
through L1 mediation. As L2 learners become more proficient, conceptual links become
stronger, enabling direct access to L2 word meaning. Given that the RHM and the BIA-d are
based on results obtained with adults, the question is now whether they stand for children. This
is critical since various factors point to differences between L2 learning in childhood and in

adulthood.

The first reason to postulate differences between child and adult learners concerns the
effect of the age of L2 learning on L2 word storage and processing. Even though the hypothesis
of a critical period after which L2 words are stored in episodic memory instead of the same
memory system as L1 words (i.e., in semantic memory; e.g., Jiang & Forster, 2001; Qiao &
Forster, 2017, see also van Hell, 2020 for a discussion) is called into question (for semantic
priming with newly L2 learned words, see Elgort, 2011, for a discussion see MacWhinney,
2008), the age of L2 learning influences L2 word processing (see for example the following
brain imagery studies for this issue: Kim et al. 1997; Wartenburger et al., 2003). There is a
consensus about a decline in L2 learning ability with age (see van Hell, 2020) and about the

effect of the age of L2 acquisition on L2 word processing.



Another reason why there might be differences between the way adults and children
learn an L2 is that L1 is already clearly established when an adult learns an L2, much more than
in childhood (for a review see Nippold, 2016). This implies that it might be difficult for children
to use the lexical level to access the meaning of L2 words, while it might be efficient for adult
learners to use L1 mediation. Results obtained by Chen and Leung (1989) can be interpreted in
support of this theory. They found that adult learners had better performances when they were
asked to produce L2 words from L1 words (forward translation) than when they had to produce
them from pictures (picture naming in L2), while the opposite pattern was observed with
children. There might also be differences in experience with foreign languages between
children and adults. Adults are more likely to have been exposed to foreign languages than
children, especially during schooling. This might facilitate L2 learning in adults, given that a
widespread idea supported by scientific data is that learning a new language is easier for learners
who already know other languages (e.g., Kaushanskaya & Marian, 2009, for a review see:
Cenoz, 2013). In short, given that there are differences between learning L2 during childhood
and adulthood, it is important to investigate L2 word processing in children to check whether

models describing L2 lexical development in late learners might also stand for them.

Comesana et al. (2009) investigated L2 word processing in children with a translation
recognition task in which participants had to judge whether the pairs of words presented (an L2
word and an L1 word) were translation equivalents. Three categories of pairs were used: correct
translation, incorrect translation semantically related to the correct translation, and incorrect
translation unrelated to the correct translation. These word pairs were used in order to
investigate conceptual links through a semantic interference effect, that is, an increased number
of errors and/or increased time for the rejection of words in the semantically related condition
compared to the unrelated one (Altarriba & Mathis, 1997; Poarch et al. 2015; Sunderman &

Kroll, 2006). Participants were Spanish children without any previous knowledge of Basque



who learned Basque words either by L2-picture association (picture method) or by L2-L1
association (translation equivalent method). Results showed a significant semantic interference
effect after a single learning session only in children who had learned the new words with the
picture method (note that the cognate status modulates this effect in Comesana et al., 2010,
Comesafia et al., 2012). The authors concluded that children can directly access L2 word
meaning and that the L1 mediation stage is not mandatory. Interestingly, results also suggested
that the learning method modulates access to L2 word meaning since the semantic interference
effect was not observed in the translation equivalent learning condition. The results obtained
by Poarch et al. (2015) were also in favour of an effect of learning method on L2 word
processing. In their experiment, fifth-grade children who pursued a weekly one-hour English
course in a context enriched by pictures and oral exercises had longer response times and lower
accuracies for semantically related word pairs than semantically unrelated ones in a translation

recognition task, suggesting that they were already sensitive to L2 word meaning.

Despite the interesting results obtained by Poarch et al. (2015), there was no direct
investigation of the effect of learning method on L2 word processing by comparing two learning
methods. Comesana et al., (2009) obtained results after an individual learning session, during
which the experimenter corrected any errors. Nevertheless, given that these conditions are
rarely possible in a school context, it is interesting to investigate whether similar outcomes can
be observed in a more common context at school, i.e. when learning takes place in a group
without personalised feedback. Importantly, in the translation recognition task, L1 words are
used to investigate the conceptual links thought to directly connect L2 words and the conceptual
system (CS), i.e. without L1 mediation. The use of L1 words is not ideal to investigate
conceptual links between L2 words and the CS since L1 words are not engaged in the
conceptual links connecting .2 words and CS (e.g., Grainger et al. 2010; Kroll & Stewart, 1994;

Kroll et al., 2010). Furthermore, L1 words can activate connections that would not be activated



without their presentation (e.g., links between L1 and the CS). Therefore, it is difficult to
determine whether the activation of conceptual links is attributable to direct links between L2
and conceptual representations, or whether the L1 words facilitate this activation. A method
directly investigating these links, i.e., without presentation of L1 words, would be useful, all
the more as the L1 words used in the translation recognition task may activate conceptual

representations independently of the L2 words.

The aim of the present study was to investigate the conceptual links through a direct test
in the first stages of learning in childhood. For this purpose, a word-picture matching task was
used in which a word was presented auditorily to the children and was followed by two pictures,
presented simultaneously on each side of the screen. One of the two pictures represented the
concept depicted by the word (e.g. the word ‘gift’ and a picture depicting a gift), while the other
was either semantically related to the word (in half of the trials, e.g. the word ‘gift’ and a picture
depicting a toy) or unrelated to the word (on the other half of the trials, e.g. the word ‘gift’ and
a picture depicting a pear). Participants had to indicate the target pictures. In line with the results
observed for the translation recognition task, (e.g., Altarriba & Mathis, 1997; Comesana et al.,
2009; Poarch et al., 2015; Sunderman & Kroll, 2006), the creation of conceptual links should
lead to an inhibition effect in the semantically related condition in comparison with the
unrelated condition. Indeed, since selecting the target picture requires inhibiting the semantic
distractors, the task will be more difficult for participants who create conceptual links. The
second objective of this experiment was to investigate whether the learning method modulates
conceptual links. Two methods were compared: an L2-photograph method and a translation
equivalent method. We hypothesised that the photograph method should promote conceptual
links more than the translation equivalent method. If this hypothesis is correct, the conceptual
effect observed in the word-picture matching task should be greater for the children who learned

with the L2-photograph method.



2. Method

2.1. Participants

Forty third-grade students studying in two state schools took part in the experiment (age
comprised between 8.25 and 10.15 years; mean age: 8.83; SD: 0.37). To determine the number
of participants, we relied on previous studies (Comesafia et al., 2009; Comesaia et al., 2010;
Comesana et al., 2012). In addition, a power analysis was run with the ‘simr’ package (Baayen
et al., 2008) to check that this value was sufficient (see 3.3 Power analysis in page 13). All
participants were French native speakers and were not English bilinguals (parents also reported
that their children did not take extra English lessons outside of school). They were already
receiving English lessons at school, but according to their teachers, the words used in this
experiment were unknown. Children were randomly assigned to one of the two groups (i.e., one
for each method, 20 children in each group). Written informed consent was signed by both

children and parents. The research project was approved by the local ethics committee.

2.2 Stimuli

Learning phase:

Words to be learned

Twenty-four non-cognate English words were used in this experiment. The words
referred to manipulable artefacts (the list of stimuli used is available in appendix A). The mean
number of letters was 5.79 (SD = 2.02). The mean number of syllables was 1.71 (SD = 0.69).
The mean frequency of the words (extracted from Manulex; Lété et al. 2004) in L1 for children
from first grade to fifth grade was 58.34 (SD = 128.56). The audio files were audio recordings
of two English native speakers (i.e., one male and one female) reading the words. One version

was used in the learning phase, while the other was used in the test phase.



Photographs used in photograph method

Twenty-four coloured photographs depicting the same concepts as the learned English
words on a white background were selected from Google images. A pre-test was carried out
with 10 participants (not included in the experiment) who were asked to name the photographs.
The concepts depicted by the photographs were recognized by every participant: every response

reflected the concept depicted by the photographs.

Word-picture matching task

For this task, each learned word was paired with two pictures. One of them depicted the
same concept as the word (e.g. the word ‘gift’ and a picture depicting a gift, see the second
column of the appendix A). The second picture was either a picture depicting a concept
semantically related to the word (e.g. the word ‘gift” and a picture depicting a toy, see the sixth
column of the appendix A), or either a picture depicting a concept unrelated to the word (e.g.
the word ‘gift’ and a picture depicting a pear, see the fourth column of the appendix A). In the
semantically related condition, concepts were selected from results of latent semantic analysis
(Landauer et al., 1998). Words referring to the concepts depicted by the pictures in the unrelated
condition were matched to those in the related condition in terms of number of letters (in both
groups mean =7 and SD =2.19, p value of t-test = 1) and frequency (mean respectively = 32.14
and 33.67, SD = 39.34 and 37.76, p value of t-test = .89). Words referring to the concepts
depicted by the pictures both in unrelated and related conditions were matched as well as
possible to the words in the condition where the picture depicted the same concept as the word
in terms of number of letters (mean = 7.13 and SD = 1.94) and frequency (mean = 58.34 and
SD = 128.56). To avoid multiple judgments for the same word, the pairs of pictures were
counterbalanced across two lists. Each L2 word appeared in only one condition in each list. For

instance, if an L2 word was presented with the picture depicting the same concept as the word
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and a picture semantically related to this word in list 1, it was associated in list 2 with the picture
depicting the same concept as the word and a picture semantically unrelated to this word. The
lists created were matched in terms of number of letters (p-value of t-test were .92, .47, .36 for
L2 words referring to the target pictures, to the semantically related distractors, and to unrelated
distractors, respectively) and frequencies (p-value of t-test were .43, .18, .16 for words referring
to the target pictures, to the semantically related distractors, and to unrelated distractors,

respectively).

Pictures used in the word-picture matching task

Pictures used in the word-picture matching task were different from those used in the
learning phase. The pictures used were black and white pictures depicting the concepts on a
white background. Forty-one pictures were extracted from the Multipic databank (Dufiabeitia
et al., 2018), and the 31 others were selected from Google images in order to be as close as

possible to the style of the pictures extracted from Multipic.

2.3 Procedure

The experiment lasted two days. The learning phase took place the first day and

participants completed the word-picture matching task the day after.

First day

Learning phase

The learning phase was composed of 9 presentations of each item. Presentations were
organised by blocks, each one comprising a presentation of each of the 24 items. In each trial,
a fixation cross was displayed (200ms), then a visual stimulus was displayed (5000ms), and the
word to be learned was presented auditorily after 4800 ms. The auditory stimulus was presented

during the presentation of the visual stimulus but after 4800 ms to enhance learning. This
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enabled the children to process the visual stimulus (i.e., to read the word in the translation
equivalent group and to recognize the photograph in the photograph group) before the
presentation of the word to be learned, and enabled them to hear the L2 word while the visual
stimulus was still displayed. This was to avoid participants becoming confused and matching
the word to be learned with the previous or the following visual stimulus. The type of visual
stimuli presented depended on the learning method. In the translation equivalent group (TE
group), stimuli were the French translation equivalents of the L2 words. A handwriting font
called “freestyle script” (font size: 50) was used. In the photograph group (P group), the visual
stimuli were photographs of the concepts depicted by the L2 words. The intertrial interval was
1000ms. Participants in both groups received the instruction to learn the associations between
the pairs of stimuli. The learning phase took place collectively i.e., one group of 10 participants
per method in both schools in a room (different from the classroom) in which chairs were
arranged in a semicircle in front of a projector. Once participants had sat down, we checked
that they were able to correctly see the stimuli depicted on the screen by presenting a word (for

the TE group) and a photograph (for the P group).

Second day

Word-picture matching task

The word-picture matching task was composed of 24 trials. As previously mentioned,
two pictures were presented simultaneously. One picture was presented on the right of the
screen and the second picture on the left. One of the two pictures represented the same concept
as the word (target picture), while the other was a distractor. The distractor was either
semantically related to the target picture (half of the trials) or unrelated to it (other half of the
trials). Each trial was organised as follows: fixation cross (200ms), white screen (50ms), L2

word presented auditorily, white screen (100ms), the two aforesaid pictures (until participants
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answered or 5000ms). Participants were instructed to indicate the target picture as accurately
and rapidly as possible. They had to press the right ‘CTRL’ key to indicate that the target picture
was the one displayed on the right side, and the left ‘CTRL’ key to indicate that it was on the
left side. The intertrial interval was 1000ms. This task was carried out individually in a quiet

room.

3. Results

Data were analysed in the software R (R Core Team, 2017) using a mixed model

approach (Baayen et al., 2008) with the Ime4 package (Bates et al., 2015).

3.1. Accuracy

Given that accuracy is a binomial variable, errors were analysed with binomial mixed
models. To select the best model, a backward elimination procedure was used, the models
compared and the results of the models’ comparison are provided in Appendix B. The model
selection procedure started with a complete model including the following random effects: (1
+ Relatedness | Subject) + (1 + LearningMethod * Relatedness | Target), and these two fixed
effect factors and their interaction: Relatedness between words and distractors: related,
unrelated; Learning method: translation equivalent, photograph. This model failed to
converge, so we reduced the random effects until the problem was resolved. The random effects
used were: (1 + Relatedness | Target). According to the Akaike Information Criterion (AIC),
the best model is the model with both the effect of relatedness between words and distractors:
(related, unrelated) and that of learning method (translation equivalent, photograph). The
results of the parameters in this model are reported in Table 1. The complete model is shown in
Table 2. In other words, there was a significant effect of learning method (mean percentage of
correct responses in the photograph method: 80%, SD: 40; in the translation equivalent method:

66%, SD: 47) and of relatedness between words and distractors (mean percentage of correct
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responses in the unrelated condition: 77%, SD: 42; in the related condition 69%, SD: 46). Mean
percentage of correct responses according to learning method and relatedness between word

and distractor are reported in Table 3 (see also Appendix C).

[Insert Table 1 here]

[Insert Table 2 here]

[Insert Table 3 here]

3.2. Response times

Incorrect responses were excluded from this analysis. Response times greater than
4500ms and lower than 100ms were considered as outliers and were also excluded. To select
the best model, an automatic backward elimination procedure using the function step from the
ImerTest package (Kuznetsova et al., 2017) was used. The model selection procedure started
with a complete model including the following random effects: (1 + Relatedness | Subject) + (1
+ LearningMethod * Relatedness | Target), and these two fixed effect factors and their
interaction: learning method: translation equivalent, photograph; relatedness between words
and distractors: related, unrelated. As expected, the best model was the one with the following
formula: RT ~ LearningMethod * Relatedness + (1 | Subject) + (Learning Method | Target).
The results of the parameters in this model are reported in Table 4 (for completeness, we also
reported results obtained with a maximal structure in Table 5). The fact that there is a significant
interaction between learning method and relatedness indicated that the patterns were
significantly different between the two groups. Therefore, we analysed the data separately for
the two groups. In the photograph group, there was a significant interference effect of
relatedness (the comparison of a model including the effect of relatedness to a model including

no fixed effect factor showed that this model was better, 2 = 9.74, p = .002; results of the
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parameters in this model are reported in Table 6, note that using the function step led to select
the same model). In the translation equivalent group, the effect of relatedness was not
significant (the comparison of a model including the effect of relatedness to a model including
no fixed effect factor showed that this model was not better, ¥2 = 0.07, p = .797; results of the
parameters of the model including the effect of relatedness are reported in Table 7; according
to the function step the best model was the one without the effect of relatedness, see Table 8).

Mean response times and standard deviation are reported in Table 9 (see also Appendix D).

[Insert Table 4 here]

[Insert Table 5 here]

[Insert Table 6 here]

[Insert Table 7 here]

[Insert Table 8 here]

[Insert Table 9 here]

3.3. Power analysis

The power analysis was run with the ‘simr’ package (Baayen et al., 2008). Based on 100
simulations, the power for the model including the interaction effect was 100% (confidence
interval: 96.38 — 100). In the photograph group, the power for the model with relatedness was

91% (confidence interval: 83.60 — 95.80).

4. Discussion

The aim of this study was to directly investigate the conceptual links in the first stages
of L2 learning through a word picture matching task performed the day after learning. Two

learning methods were used: an L2-photograph method and an L1-L2 method. Results on
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accuracy showed an inhibitory conceptual effect: responses were less accurate in the related
condition than in the unrelated condition in both groups. We also found a learning method
effect: participants in the L2-photograph method made fewer errors than those in the L1-L2
method group. These results show that the L2-photograph method promotes more L2 word
learning than the L1-L2 method, but that both methods enable direct access to L2 word meaning
(inhibitory conceptual effect in both group). Nevertheless, results on response times showed a
significant inhibitory conceptual effect only in children who learned new L2 words with the
photograph method: they responded more slowly in the related condition than in the unrelated
one. No significant semantic interference effect was observed with the L1-L2 method.
According to the result, the more likely scenario is that the L1 mediation stage for accessing L2
word meaning is not mandatory. Additionally, the learning method modulates access to L2
word meaning, i.e., the photograph method fosters direct access to L2 word meaning through
conceptual links. Note that this latter result is not new and has been shown with another testing

method namely a translation recognition task (e.g., Comesafia et al. 2009).

The fact that our results echo the ones in Comesana et al. (2009), obtained with different
learning contexts and different testing methods, strengthens the conclusion about the effect of
learning method on L2 word processing in children. Indeed, the learning method modulates L2
word processing regardless of whether learning took place in individual learning sessions with
personalised feedback (Comesana et al. 2009) or in groups without feedback. Furthermore,
results showed a significant inhibitory effect with both direct and indirect method of
investigating conceptual links. Indeed, as previously mentioned, in the translation recognition
task, L1 words are used to investigate the conceptual links thought to directly connect L2 words
and the conceptual system, while they are not engaged in these conceptual links. Moreover, L1
words can activate connections that would not be activated without their presentation (e.g.,

conceptual links between L1 and the CS). Therefore, it is difficult to determine with this indirect
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method whether the activation of conceptual links is attributable to direct links between L2 and
conceptual representations, or whether the L1 words activate conceptual representations
independently of the L2 words. To limit this risk, the current experiment used a direct method:

a word picture matching task.

At the same time, one could argue that the effect was not a conceptual effect but rather
a modality-specific effect, i.e., learning with static visual representations leads to a greater
effect in a task using static visual representations. Nevertheless, the visual representations used
were different: photographs were used in the learning method, while drawings were used in the
test phase. Furthermore, since the conceptual effect is an inhibitory effect based on the
relatedness between the words and the distractors, an effect modality (e.g., similarity between
learning and test conditions) should have led to an absence of effect rather than an increase in
the conceptual effect. Indeed, a visual similarity effect would have facilitated the detection of
the target picture and would have led to faster responses for the correct picture independently

of the distractor.

This study has some limitations. First, the number of words to be learned is rather low.
Further research should involve more words to be learned, and therefore more learning sessions.
As we used real words, it was not possible to make sure that each word was completely
unknown by all children. Even though we limited this issue by checking with teachers that these
words were unknown by children (because they had not already been taught at school and as
parents reported that their children did not take extra English lessons outside of school), a given
child may have happened to already know a specific word. However, this eventuality should
not affect the pattern of results since children were randomly assigned to one of the two groups.
A third limitation is that, although no L1 words were presented to the participants of the picture

group, they might activate L1 words when processing L2 words. Nevertheless, according to the



17

literature, this is an unlikely scenario. Indeed, to the best of our knowledge there is a consensus
in the translation priming literature about the absence of priming effect from L2 primes to L1
targets (contrary to translation priming from L1 primes to L2 targets; for a review see for
example Brysbaert & Duyck, 2010). This is one of the main challenges against the lexical links
between L2 and L1 postulated by the Revised Hierarchical Model (Kroll & Stewart, 1994) and
the developmental Bilingual Interactive Activation model (Grainger et al., 2010; for a review
see for example Brysbaert & Duyck, 2010). Furthermore, if L1 words are activated during L2
word processing, how to explain that the learners in the L1-L2 method learned worse than the
picture method group? Finally, a fourth limitation is that we cannot assess the long-term

stability of the results, as the learning session was short.

This experiment has both practical and theoretical implications. At a practical level,
there are implications for L2 learning in school since the findings demonstrate that it is possible
to foster a direct access to L2 word meaning with an L2-photograph method, not only in
laboratory conditions (e.g., Comesaiia et al. 2009) but also when words are learned at school
with an L2-photograph method. Consequently, the learning method used in school should rely
as much as possible on associations between L2 words and visual representations of their
meaning. At a theoretical level, the results obtained are not in accordance with the models of
L2 lexical development (e.g., the Revised Hierarchical Model, Kroll & Stewart, 1994; Kroll et
al., 2010, and the developmental Bilingual Interactive model, BIA-d, Grainger et al., 2010),
which postulates that non-proficient L2 learners mainly use lexical-level links and access 1.2
word meaning through L1 mediation. Given that these models are based on data obtained with
adults and that the results of our experiment were obtained with children, the current findings
suggest that the models of L2 lexical development do not systematically stand for children. This
hypothesis is supported by the differences between child and adult learners previously

mentioned: the critical period hypothesis (e.g. Jiang & Forster, 2001; Qiao & Forster, 2017, see
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also van Hell, 2020 for a discussion) or at least the decline in L2 learning with age (see van
Hell, 2020), the fact that an adult’s L1 is already clearly established when they learn an L2, in
any case much more than in childhood (for a review see Nippold, 2016), and the fact that adults
are more likely to have been exposed to foreign languages than children, especially during their
schooling. Further research should investigate the effect of learning method on the first stages

of learning in adults to determine whether a similar effect can be observed with late learners.

In summary, this study using a direct testing protocol shows that a method based on
associations between L2 words and visual representations of concepts promotes conceptual
links. It also paves the way for the direct investigation of conceptual links in children through

a word-picture matching task.



19

References

Altarriba, J., & Mathis, K. M. (1997). Conceptual and Lexical Development in Second
Language Acquisition. Journal of Memory and Language, 36, 550-568.

https://doi.org/10.1006/jmla.1997.2493

Baayen, R. H., Davidson, D. J., & Bates, D. M. (2008). Mixed- effects modeling with crossed
random effects for subjects and items. Journal of Memory and Language, 59, 390—412.

https://doi.org/10.1016/;.ym1.2007.12.005

Bates, D., Maechler, M., Bolker, B., & Walker, S. (2015). Fitting linear mixed-effects models

using Ime4. Journal of Statistical Software, 67, 1-48. doi:10.18637/jss.v067.101

Brysbaert, M., & Duyck, W. (2010). Is it time to leave behind the Revised Hierarchical Model
of bilingual language processing after fifteen years of service? Bilingualism: Language

and Cognition, 13(3), 359-371. https://doi.org/10.1017/S1366728909990344

Cenoz, J. (2013). The influence of bilingualism on third language acquisition: Focus on
multilingualism. Language Teaching, 46(1), 71-86.

https://doi.org/10.1017/S0261444811000218

Chen, H.-C., & Leung, Y.-S. (1989). Patterns of lexical processing in a nonnative language.
Journal of Experimental Psychology: Learning, Memory, and Cognition, 15(2), 316—

325. http://dx.doi.org/10.1037/0278-7393.15.2.316

Comesafia, M., Perea, M., Pifeiro, A., & Fraga, I. (2009). Vocabulary teaching strategies and
conceptual representations of words in L2 in children: Evidence with novice learners.
Journal of Experimental Child Psychology, 104, 22-33.

https://doi.org/10.1016/j.jecp.2008.10.004



20

Comesafia, M., Soares, A. P., & Lima, C. (2010). Semantic representations of new cognate vs.
noncognate words: Evidence from two second language learning methods. Procedia -
Social and Behavioral Sciences, 5, 199-203.

https://doi.org/10.1016/j.sbspro.2010.07.072

Comesafia, M., Soares, A. P., Sdnchez-Casas, R., & Lima, C. (2012). Lexical and semantic
representations in the acquisition of L2 cognate and non-cognate words: evidence from
two learning methods in children. British Journal of Psychology, 103, 378-392.

https://doi.org/10.1111/5.2044-8295.2011.02080.x

Dong, Y., Gui, S., & Macwhinney, B. (2005). Shared and separate meanings in the bilingual
mental lexicon. Bilingualism: Language and Cognition, 8(3), 221-238.

https://do1.0rg/10.1017/S1366728905002270

Dunabeitia, J. A., Crepaldi, D., Meyer, A. S., New, B., Pliatsikas, C., Smolka, E., & Brysbaert,
M. (2018). MultiPic: A standardized set of 750 drawings with norms for six European
languages. Quarterly Journal of Experimental Psychology, 71(4), 808-816.

https://do1.0org/10.1080/17470218.2017.1310261

Elgort, 1. (2011). Deliberate Learning and Vocabulary Acquisition in a Second Language.

Language Learning, 61(2), 367—413. https://doi.org/10.1111/j.1467-9922.2010.00613.x

European Commission. (2012). Eurobarometre spécial 386 : Les européens et leurs langues.
(Report No. 386). Retrieved from

http://ec.europa.eu/commfrontoffice/publicopinion/archives/ebs/ebs 386 fr.pdf

European Council. (2002). Presidency conclusions, Barcelona European Council 15 and 16
March 2002. (SN 100/1/02 REV 1). Retrieved from http://ec.europa.eu/invest-in-

research/pdf/download en/barcelona european council.pdf



21

European Council. (2017). Conclusions - 14 December 2017. (EUCO 19/1/17 REV 1).
Retrieved from https://www.consilium.europa.eu/media/32204/14-final-conclusions-

revl-en.pdf

Grainger, J., Midgley, K., & Holcomb, P. J. (2010). Re-thinking the bilingual interactive-
activation model from a developmental perspective (BIA-d). In M. Kail & M. Hickmann
(Eds.), Language acquisition across linguistic and cognitive systems (pp. 267-284). New

York: John Benjamins.

Grin, F., Sfreddo, C., & Vaillancourt, F. (2009). Langues étrangeres dans [’activité
professionnelle (Project No. 405640-108630). Retrieved from University of Geneva

website: https://www.unige.ch/fti/elf/files/7414/5865/9202/LEAP-RF-7logos.pdf

Jiang, N., & Forster, K. I. (2001). Cross-Language Priming Asymmetries in Lexical Decision
and Episodic Recognition. Journal of Memory and Language, 44(1), 32-51.

https://doi.org/10.1006/jmla.2000.2737

Kaushanskaya, M., & Marian, V. (2009). The bilingual advantage in novel word learning.

Psychonomic Bulletin & Review, 16(4), 705-710. https://doi.org/10.3758/PBR.16.4.705

Kim, K. H. S., Relkin, N. R., Lee, K.-M., & Hirsch, J. (1997). Distinct cortical areas associated

with native and second languages. Nature, 388, 171-174. https://doi.org/10.1038/40623

Kroll, J. F., & Stewart, E. (1994). Category interference in translation and picture naming:
Evidence for asymmetric connections between bilingual memory representations.

Journal of Memory and Language, 33, 149—-174.



22

Kroll, J. F., Van Hell, J. G., Tokowicz, N., & Green, D. W. (2010). The revised hierarchical
model: A critical review and assessment. Bilingualism: Language and Cognition, 13,

373-381.

Kuznetsova, A., Brockhoff, P. B., & Christensen, R. H. B. (2017). ImerTest Package: Tests in
Linear Mixed Effects Models. Journal of Statistical Software, 82, 1-26.

https://doi.org/10.18637/jss.v082.113

Landauer, T. K., Foltz, P. W., & Laham, D. (1998). An introduction to latent semantic analysis.

Discourse Processes, 25, 259-284. http://dx.doi.org/10.1080/01638539809545028

Lervdg, A., & Aukrust, V. G. (2010). Vocabulary knowledge is a critical determinant of the
difference in reading comprehension growth between first and second language learners.
The Journal of Child Psychology and  Psychiatry, 51(5), 612-620.

https://doi1.org/10.1111/5.1469-7610.2009.02185.x

Lété, B., Sprenger-Charolles, L., & Colé, P. (2004). Manulex: A grade-level lexical database
from French elementary-school readers. Behavior Research Methods, Instruments, &

Computers, 36, 156-166

MacWhinney, B. (2008). A Unified Model. In P. Robinson & N. Ellis (Eds.), Handbook of

Cognitive Linguistics and Second Language Acquisition. Lawrence Erlbaum Associates.

Nation, 1. (2006). How Large a Vocabulary is Needed For Reading and Listening? Canadian

Modern Language Review, 63, 59—82. https://doi.org/10.3138/cmlr.63.1.59

Nippold, M. A. (2016). Late language development: School-age children, adolescents and

young adults (4th ed.). Austin, TX: Pro-Ed.



23

Pavlenko, A. (2009). The bilingual mental lexicon: interdisciplinary approaches. Bristol, UK;

Buffalo, NY: Multilingual Matters.

Poarch, G. J., Van Hell, J. G., & Kroll, J. F. (2015). Accessing word meaning in beginning
second language learners: Lexical or conceptual mediation? Bilingualism. Language and

Cognition, 18(3), 357-371. https://doi.org/10.1017/S1366728914000558

Qiao, X., & Forster, K. I. (2017). Is the L2 lexicon different from the L1 lexicon? Evidence
from novel word lexicalization. Cognition, 158, 147-152.

https://doi.org/10.1016/j.cognition.2016.10.026

R Core Team (2017). R: 4 language and environment for statistical computing. R Foundation

for Statistical Computing, Vienna, Austria. Retrieved from https:// www.R-project.org/.

Steehr, L. S. (2009). Vocabulary knowledge and advanced listening comprehension in english
as foreign language. Studies in Second Language Acquisition, 31(4), 577-607.

https://do1.0rg/10.1017/S0272263109990039

Sunderman, G., & Kroll, J. F. (2006). First language activation during second language lexical
processing: An investigation of lexical form, meaning, and grammatical class. Studies in
Second Language Acquisition, 28(3), 387-422.

https://do1.0rg/10.1017/S0272263106060177

van Hell, J. G. (2020). Lexical processing in child and adult classroom second language
learners: Uniqueness and similarities, and implications for cognitive models. Elsevier:

Psychology of Learning and Motivation. https://doi.org/10.1016/bs.plm.2020.03.004



24

Wartenburger, 1., Heekeren, H. R., Abutalebi, J., Cappa, S. F., Villringer, A., & Perani, D.
(2003). Early setting of grammatical processing in the bilingual brain. Neuron, 37(1),

159-170.



25

Table 1. Summary of the model for accuracy

Predictors b SEDb z p
(Intercept) 1.650 0.158 10.416 <.001
Learning Method -0.732 0.152 -4.819 <.001
Relatedness -0.441 0.175 -2.516 012

Formula: accuracy ~ LearningMethod + Relatedness + (1 + Relatedness | Target).

Table 2. Summary of the complete model for accuracy

Predictors b SE B z p
(Intercept) 1.669 0.189 8.811 <.001
Learning Method -0.764 0.227 -3.359 <.001
Relatedness -0.475 0.252 -1.885 .059
Learning Method * Relatedness 0.057 0.306 0.187 851
Formula: accuracy ~ LearningMethod * Relatedness + (1 + Relatedness | Target).

Table 3. Mean percentage of correct responses (SD) according to learning method (translation

equivalent, photograph) and relatedness between word and distractor (related, unrelated)

Photograph Translation equivalent
Unrelated Related Unrelated Related
84 (37) 76 (43) 71 (46) 62 (49)
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Table 4. Summary of the model for response times

Predictors B SEB t p
(Intercept) 1124.85 95.92 11.727 <.001
Learning Method 614.69 141.78 4.335 <.001
Relatedness 159.01 60.14 2.644 .008
Learning Method*Relatedness -177.73 90.30 -1.968 <.05

formula: RT ~ LearningMethod * Relatedness + (1 | Subject) + (Learning Method | Target)

Table 5. Summary of the complete model for response times

Predictors B SE B t p
(Intercept) 1141.47 | 50.73 | 22.503 | <.001
Learning Method 633.87 | 72.80 | 8.707 | <.001
Relatedness 157.05 | 71.84 | 2.186 .032
Learning Method*Relatedness -212.02 | 106.50 | -1.991 .047

formula: RT~ LearningMethod * Relatedness + (1 + Relatedness | Target)

Table 6. Summary of the model for response times for the photograph group

Predictors B SE B t p
(Intercept) 1125.90 62.72 17.953 <.001
Relatedness 160.14 50.95 3.143 .002

formula: RT ~ Relatedness + (1 | Subject)
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Table 7. Summary of the model including the effect of relatedness for response times for the

translation equivalent group

Predictors B SE B t p
(Intercept) 1735.76 128.39 13.520 <.001
Relatedness -20.30 78.68 -0.258 797

formula: RT ~ Relatedness + (1 | Subject) + (1 | Target)

Table 8. Summary of the best model according to the function step for response times for the

translation equivalent group

Predictors

SE B

(Intercept)

1726.42

123.28

14

<.001

formula: RT ~ (1 | Subject) + (1 | Target)

Table 9. Mean response times in ms (SD) according to learning method (translation equivalent,

photograph) and relatedness between word and distractor (related, unrelated)

Photograph Translation equivalent
Unrelated Related Unrelated Related
1141 (417) 1298 (658) 1773 (897) 1718 (790)




Appendix A. Stimuli and characteristics of stimuli used in experiment
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banknote billet 31.83 | montgolfiere | 3.57 portefeuille 8.47
camcorder caméra 15.01 épée 35.19 télé 38.77
door porte 628.45 chapeau 190.87 fenétre 180.53
driller pergeuse 2.04 calculatrice 0.02 | trongonneuse | 0.47
gift cadeau 91.69 poire 29.38 jouet 30.75
hoover aspirateur 10.45 bocal 28.34 balai 31.38
ice glace 177.19 armure 12.04 bonbon 12.11
jug carafe 7.84 parapluie 74.87 bouteille 75.46
keyboard clavier 5.24 hache 38.24 piano 47.43
ladder échelle 57.56 | pansement 8.5 ascenseur 8.62
mail courrier 29.81 canon 17.48 colis 15.94
mobile téléphone 114.37 bicyclette 49.6 ordinateur 48.55
mower tondeuse 6.29 passoire 4.84 brouette 8.13
paste colle 69.93 gaufre 0.75 scotch 0.42
rake rateau 16.57 gobelet 6.11 fourche 6.09
remote télécommande | 0.73 sablier 0.46 manette 0.45
rubbish poubelle 16.61 bonnet 38 coffre 40.87
saw scie 18.48 guitare 44.07 couteau 52.23
scale balance 40.03 plume 54.53 regle 57.89
screwdriver tournevis 7.78 carotte 36.15 marteau 37.13
shaver rasoir 7.59 collier 46.91 ciseaux 50.81
shovel pelle 24.12 clef 27.4 seau 31.86
swing balancoire 11.54 boussole 9.51 toboggan 8.42
watering arrosoir 9.03 cravate 14.51 robinet 15.38
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* Frequencies are presented in occurrences per million. They were extracted from the corpus
for children from first to fifth grade of the Manulex (Lété et al., 2004).
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Model AIC BIC x2 p
MO: accuracy ~ LearningMethod * Relatedness +
(1 + Relatedness | Target) 1096.9 | 1130.9

M1: accuracy ~ LearningMethod + Relatedness +

(1 + Relatedness | Target) 1094.9 | 1124.1 0.035 .852
M2a: accuracy ~ LearningMethod + (1 +

Relatedness | Target)* 1098.6 1122.9 5.710 .017

M2b: accuracy ~ Relatedness + (1 + Relatedness |
Target)* 1116.8 | 1141.1 | 23.874 | <.001

* Models M2a and M2b were individually compared to M1

Appendix C. Percentage of correct responses according to learning method and relatedness
between word and distractor.
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Appendix D. Mean response times in ms according to learning method and relatedness between
word and distractor.
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