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Lexical activation in late bilinguals: effects of phonological neighbourhood on
spoken word production
Solène Hameau a,b, Britta Biedermann c and Lyndsey Nickels a,b

aDepartment of Cognitive Science, Macquarie University, Sydney, Australia; bMacquarie Centre for Reading, Macquarie University, Sydney,
Australia; cSchool of Occupational Therapy, Social Work and Speech Pathology, Curtin University, Perth, Australia

ABSTRACT
This research explores patterns of lexical activation of both languages of a bilingual when
producing spoken words. Specifically, it investigates the influence of within- and cross-language
measures of phonological neighbourhood, on the English picture naming performance of a
diverse group of French (L1) – English (L2) late bilinguals. A novel phonological neighbourhood
density measure was used that took into account the phonological and lexical constraints of
this sample of late bilinguals. Results showed that both within- and cross-language neighbours
influenced picture naming performance and that the length of exposure to L2 and familiarity of
the target modulated these effects, with both facilitatory and inhibitory effects observed.
Additionally, the previously well-attested cognate facilitation effect decreased with L2 language
exposure. These results support interactive models of word production, within a language non-
specific view of lexical access, and show the dynamic nature of a bilingual’s lexical connections.
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Introduction

When exposed to a new linguistic environment, individ-
uals who acquire a second language later in life naturally
experience changes in their lexicon due to the need to
progressively integrate new lexical representations and
add a new phonological repertoire. These new represen-
tations co-exist with those of the native language, with
which they may share some degree of form similarity.
Phonological neighbourhood is a common way to
characterise form similarity between representations in
the lexicon. For a given word, phonological neighbour-
hood density is usually defined as the number of words
in the lexicon that differ from that word by one
phoneme, either substituted, deleted or added (Luce,
1987). For instance, for a (monolingual) speaker of
English, phonological neighbours of the word cat
include the words fat, cab, kit, scat, at. For a bilingual
speaker, a word’s phonological neighbours can come
from either of the person’s languages. In a late bilingual,
as vocabulary expands, the number of phonological
neighbours of the second language increases, most
rapidly in the case of a more recently acquired language.
Cognates are words that share a similar form to
their translation equivalent (e.g. music and its French
translation equivalent musique). It has been proposed
that cognates can be considered a specific case of

cross-language phonological neighbours (e.g. Costa
et al., 2005). The research reported here explored the
extent to which similar form representations in the
lexicon affect the ease with which a bilingual can
access and produce spoken words in a given language,
and which factors potentially modulate this influence.

In (monolingual) language processing, it is generally
assumed that when a given word is activated, phonolo-
gical neighbours of this word are also activated (e.g.
Luce et al., 1990). This is the case for the perception of
spoken words (e.g. Garlock et al., 2001; Vitevitch &
Luce, 1998, 1999), but some theories of production
also hypothesise activation of these phonological neigh-
bours during word production via feedback of activation
from the phoneme level to the lexical level (e.g. Chen &
Mirman, 2012; Dell & Gordon, 2003, building on the
lexical network account by Dell et al., 1997). In bilingual
speakers, for whom words similar to a given target can
exist in both languages, it is well established that
cognate words are faster and more accurately named
(e.g. Costa et al., 2000; Costa et al., 2005; Strijkers et al.,
2010), and this has been suggested to reflect concurrent
activation of the translation equivalent’s form in the
non-target language (e.g. Costa et al., 2005; but see
e.g. Kirsner et al., 1993; van Hell & de Groot, 1998, for
alternative interpretations of the origin of the cognate
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facilitation effect). Additionally, the cognate facilitation
effect seems to be stronger when naming in a speaker’s
second acquired language (L2) compared to their first
language (L1; e.g. Costa et al., 2000; Starreveld et al.,
2014; Strijkers et al., 2010), showing the influence of
language dominance on patterns of cross-language acti-
vation. Finally, in addition to the cognate facilitation
effect that suggests activation of the translation equival-
ent, there is evidence showing that words from the non-
target language that are related in form (but are not
necessarily translation equivalents) are activated up to
the word form level in word production (e.g. Colomé,
2001). Indeed, it has been argued that there may be
feedback between phoneme and word form levels
across both languages (e.g. Colomé & Miozzo, 2010;
Costa et al., 2006). It could then be the case that both
within-language and cross-language phonological
neighbours play a role in the spoken word production
of bilingual speakers.

Effects of phonological neighbourhood density have
been attested in the monolingual literature. In the area
of spoken word perception, for instance, phonological
neighbourhood density seems to have a consistent
inhibitory effect (e.g. Luce & Pisoni, 1998) whereas facil-
itatory effects have been observed on reading aloud
(e.g. Mulatti et al., 2006). In spoken word production,
there does not seem to be a consensus: the presence
and direction of phonological neighbourhood density
effects vary across studies and may also vary cross-lin-
guistically (see Sadat et al., 2014, for a review). We
have recently found evidence suggesting that the pres-
ence and direction of the effects of phonological neigh-
bours might depend on the relative frequency of the
target compared to its phonological neighbours
(Hameau et al., 2018): Phonological neighbours of
higher frequency than the target resulted in inhibitory
effects on naming of lower frequency targets, but
there was a trend towards facilitatory effects when the
target was higher in frequency. Hence, it is also possible
that in bilinguals, potential effects of phonological
neighbourhood density (within and across bilinguals’
languages) are modulated by the frequency of the
target word.

In bilingual picture naming, although cognates have
been extensively researched, few studies have examined
the influence of either within-language or cross-
language phonological neighbourhood density. Marian
and Blumenfeld (2006) compared the effects of within-
language phonological neighbourhood density with
two groups of German-English late bilinguals: native
speakers of German and native speakers of English. Par-
ticipants were tested in German, which was either their
L1 or their L2. Overall, naming accuracy was better for

targets with high neighbourhood density, but there
were only effects on latency in participants’ second,
non-native, language. The authors concluded that
words in the non-native, less proficient language were
overall lower in frequency and thus more sensitive to
phonological neighbourhood effects. This can be taken
as evidence that language proficiency, and possibly fre-
quency of the target, modulate effects of phonological
neighbourhood density in bilinguals. Cross-language
phonological neighbourhood density refers to the
number of words in the other language of a bilingual
speaker that are neighbours of a given target: for
example, French neighbours of English words. In word
processing, significant effects have been reported of
cross-language orthographic neighbourhood density in
visual recognition tasks (e.g. Coltheart et al., 1977; van
Heuven et al., 1998). However, in speech production,
research is more limited. de Groot et al. (2002) found sig-
nificant effects of within- and cross-language ortho-
graphic neighbourhood density on reading aloud
latency in English-Dutch bilinguals. In picture naming,
to our knowledge, only one study has looked at the
influence of cross-language phonological neighbour-
hood density: Sadat et al. (2016) examined Spanish
picture naming performance in highly proficient
(Catalan-Spanish) early bilinguals. Although phonologi-
cal neighbourhood density was not the primary focus
of their study, their predictors of picture naming
included both within- and cross-language phonological
neighbourhood density. They found an inhibitory effect
of within language (Spanish) phonological neighbour-
hood density on latencies, and no effect on accuracy.
There was no effect of cross-language phonological
neighbourhood density (number of Catalan neighbours)
on response time or on accuracy. To our knowledge, no
study has examined cross-language phonological neigh-
bourhood density in late bilinguals.

Calculating phonological neighbours in late
bilinguals

Calculating cross-language phonological neighbour-
hood density seems far from straightforward. For
example, Marian and Blumenfeld (2006) explicitly
rejected examining its influence, noting that “differences
in phonetic features between German and English [pre-
clude] meaningful computations of cross-linguistic pho-
nological neighbourhoods in English” (p. 13–14). Sadat
et al. (2016) did not raise any concerns regarding
Catalan-Spanish cross-language neighbours, possibly
because, although there are some differences, Spanish
and Catalan phonological inventories are more similar
than those of English and German.
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It is well established that, as a consequence of early
adaptation to one phonological system, monolingual
adults have trouble categorising, discriminating and pro-
ducing phonemes from other languages when these
phonemes are not used to differentiate words of their
native language. This is not only the case for naïve listen-
ers of the non-native language (as demonstrated by the
Perceptual Assimilation Model: Best, 1995), but also for
speakers who are learning a second language, be it by
formal instruction or by immersion in a second language
(L2) environment (as shown by Best & Tyler, 2007; or
Fledge, 1995). In fact, even very proficient bilinguals
can fail to differentiate between some non-native pho-
nological contrasts, as shown for instance by Pallier
et al. (2001): in an auditory lexical decision experiment,
Pallier and colleagues found that, in highly proficient
early bilinguals (Catalan-Spanish), a word was primed
to the same extent when it was preceded by either an
identical word or by a minimal pair from the other
language differing by only one non-native phonological
contrast. This finding shows that the representation of
phonological categories in a non-native language,
even in very highly proficient speakers of that second
language, is certainly different from that of a native
speaker of that language. Although the evidence
reviewed here covers phoneme perception, perceptual
skill level has been shown to be positively correlated
with accuracy in producing L2 phonemes (at least for
vowels; e.g. Best & Tyler, 2007). In other words, represen-
tations in the input lexicon are likely to be similar to the
representations in the output lexicon.

Vitevitch (2012) directly addressed the issue of the
calculation of cross-language phonological neighbour-
hood density that arises as a result of the problems
non-native speakers may have with phonological con-
trasts in their second language. He first calculated
English-Spanish cross-language neighbours based on
the International Phonetic Alphabet (IPA) transcription
of words of both languages, and found very few cross-
language neighbours. He subsequently tried to take
“perceptual assimilation” into account, relating to
Spanish speakers’ likely perception of English vowels:
Based on a study by García Lecumberri and Cenoz
Iragui (1997), Vitevitch replaced all English vowels with
the Spanish vowel that was perceived as most similar
to get a more plausible estimate, for Spanish speakers,
of the English words that are similar to Spanish words
and vice versa. He re-calculated the proportion of
Spanish neighbours of English words with this new
coding, although this proportion was still very small
(increasing from about 5% to about 13%). His conclusion
was that, since they represent such a small proportion of
neighbours, cross-language neighbours should not

influence processing to a great extent. However, Vite-
vitch did not examine this hypothesis empirically. Impor-
tantly, it is not only calculation of cross-language
neighbours that is affected by languages’ different
phoneme repertoires, the same problem applies to the
calculation of within-language neighbours in a second
language: Phonemes may not be equally perceived
and/or produced by a non-native and a native speaker,
leading to differences in what may be a neighbour. Con-
sequently, we attempted to take these factors into
account when defining measures of phonological neigh-
bourhood in late bilinguals.

The aim of the research reported here was to explore
the influence of phonological neighbours on the picture
naming performance of late bilinguals, and specifically
effects on English picture naming in a population of
late bilinguals1 who had French as a native language.
We examined whether different measures of phonologi-
cal neighbourhood differed in their ability to predict
picture naming behaviour in this population. Several
measures were considered: first, translation equivalent
similarity (a continuous measure of “cognateness”: how
“neighbour-like” the translation equivalent is to the
target); second, the phonological neighbourhood
density of the target in the target language (i.e.
English), the target’s phonological neighbourhood
density in the non-target language (French), and a
measure combining both within- and cross-language
neighbourhood densities. The phonological neighbour-
hood density measures were calculated taking into
account specificities of the phonological system of the
late bilinguals (and hence labelled as “bilingual-
specific”). However, to allow for comparison with pre-
vious research, these measures were compared to
measures of phonological neighbourhood density com-
puted the “traditional” way (without any “late bilingual”
adaptation).

A theoretical account that is of relevance for the
present study is the weaker links hypothesis (e.g.
Gollan et al., 2008). The weaker links hypothesis states
that, because bilinguals use words in each of their
languages less frequently than do monolinguals of the
same languages, their lexical representations in both
languages will have been retrieved less frequently,
leading to “weaker links” between semantic and phono-
logical representations than monolinguals. What is
unique about this account is that it relates effects of
bilingual experience to frequency effects. While this
can be used to explain the differences between mono-
linguals and bilinguals, these differences would also be
apparent between bilinguals that had different
amounts of exposure to their second language. The fre-
quency status of words in a given language will then
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vary as a function of the extent to which this language
has been used. The frequency of individual words in a
language is also important when evaluating the
impact of usage: Gollan et al. (2008) interpret frequency
as impacting resting levels of activation, in a system with
thresholds for lexical selection (see also e.g. Morton,
1970). The higher the frequency of a given word the
closer it will be to its selection threshold. As higher fre-
quency words will be those used most often, even
when a particular language is used less frequently,
they will nevertheless be close to threshold. It is the
lower frequency words that are suggested to be most
affected by the degree of use. This leads to the predic-
tion that the effects of bilingualism should be stronger
for lower frequency words, but also that frequency
effects should be larger in the non-dominant than in
the dominant language. Gollan et al. (2008) examined
these predictions with a picture naming task, and did
find that frequency effects on response time and accu-
racy were stronger in bilinguals compared to monolin-
guals, and strongest in the bilingual’s less dominant
language. Gollan and colleagues hence demonstrated
the influence of bilingualism on patterns of lexical
activation.

We propose to extend the reasoning behind the
weaker links hypothesis to the activation of phonologi-
cal neighbours. Words in the more dominant language
can be thought of as being potentially more highly acti-
vated than words in the less dominant language,
because of their higher resting level of activation. If by
virtue of interactivity between the lexical and post-
lexical levels, co-activated words (phonological neigh-
bours) influence the production of a given target
word, it follows that these phonological neighbours
will have strongest effects if they belong to the most
dominant language, and will also have stronger effects
on lower frequency targets. Therefore, following this
reasoning, we aimed to determine whether potential
effects of (any type of) phonological neighbourhood
were modulated by two factors: (1) an individual’s
length of exposure to English, in line with the different
effects observed in L1 vs L2, both for phonological
neighbourhood density (e.g. Marian & Blumenfeld,
2006) and for cognates (e.g. Costa et al., 2000), and (2)
the frequency of the target word, consistent with the
fact that different effects of phonological neighbour-
hood measures were observed on monolinguals
depending on the frequency of the target (Hameau
et al., 2018). We hypothesised different effects of
target language and non-target language phonological
neighbourhood density depending on the length of
exposure to English, and on the frequency of the
English target.

Materials and methods

Participants

Fifty-one individuals (32 females) with French as a native
language and who had lived in an English-speaking
country for more than two years were recruited
through networks of French speakers in Sydney (e.g. Alli-
ance Française, French Lycée, Facebook groups). This
study was approved by the Macquarie University
Human Research ethics committee. Participants pro-
vided written informed consent and received 15AUD
for their participation. One of the participants’ data
was omitted because of low accuracy (below 55%). All
participants grew up in a French monolingual environ-
ment, either in France or in a French-speaking region
of Belgium, learned English at school for at least four
years, moved to an English speaking country after age
16, and were living in Sydney at the time of the exper-
iment. The 50 participants whose data were included
had normal or corrected-to-normal vision and no
reported history of learning difficulties or language
impairment. None spoke a language other than French
or English at home. They were aged 18 to 65 (mean =
37.22, SD = 11.11), had spent two to 42 years living in
an English-speaking country (mean = 9.96, SD = 8.94)
and claimed to spend between five and 60% of their
time per week speaking French rather than English
(mean = 25, SD = 14.03).

We considered (late) bilingualism as a continuum,
and differentiated between bilinguals using an objective
measure of overall exposure to the L2: The number of
years spent living in an English-speaking environment.
Although this measure does not take into account the
relative use of English and French in an individual’s
daily life, we argue that in the case of our adult partici-
pant sample, individuals are greatly if not primarily
differentiated by the time they spent living in an
English-speaking environment. For instance, age and
context of acquisition were similar in our population,
with all participants having lived in a French-speaking
environment and only speaking French for at least the
first 16 years of their lives, and all participants having
first learned English formally at school in their French-
speaking country. At the time of the experiment, all
the participants were either studying or working in an
environment where some use of English was necessary.
In addition, for the purpose of our experiment, a
measure of “proficiency” in general, was not appropriate
as this would include dimensions that are not relevant
here (e.g. grammar, syntax, idioms, pronunciation,
mastery of written English). Rather, for our purposes,
we required a measure that is most likely to reflect
(only) the extent of the speaker’s L2 vocabulary. For
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instance, exposure to L2 has been strongly linked to
vocabulary acquisition in bilingual children (e.g. Thor-
dardottir, 2011). The number of years of exposure to
English is therefore likely to affect both the individual’s
vocabulary size and how the coexistence of the two lex-
icons affects processing.

Materials

Stimuli comprised 386 black and white drawings of
nouns representing objects taken from the International
Picture Naming Project (IPNP) picture database (Szekely
et al., 2004) selected to have a target name that was a
single word, and of high name agreement in English
monolingual speakers (75% or greater). Following the
experiment, items were excluded from the analyses if
they had low (less than 50%) Australian2 or bilingual
accuracy (56 items), or because the Australian name
for this target was comprised of two words (e.g. skipping
rope, spinning top, coat hanger; 10 items). Two additional
compound words (backpack and bandaid) were not
present in the CELEX database (Baayen et al., 1993)
and were also removed. This led to a final set of 318
items. A list of all stimuli is provided in Appendix A.

Procedure

The experiment was approved as part of a larger project
by the Macquarie University Human Research Ethics
committee, and participants gave informed written
consent prior to completing the experiment. DMDX
(Forster & Forster, 2003) was used for presentation of
the stimuli. Instructions were presented on the screen
and explained further by the examiner: participants
were asked to name pictures as quickly and accurately
as possible, in English, with a single word. Each trial
started with a 200 ms fixation cross, followed by a
blank screen for 600 ms, which was then followed by
the target picture presented in the centre of the
screen for 2000 ms. Recording started upon stimulus

presentation and continued for 2000 ms after the
picture disappeared. A new trial was initiated 1500 ms
after timeout. The onset of a vocal response triggered
a voice key, determining response time. There were 10
practice items, followed by the 386 picture stimuli
appearing in random order, organised in four blocks of
approximately 11 min each, separated by a break. The
experiment lasted approximately an hour.

Analysis

Response time and accuracy data were analysed using
(generalised) linear mixed effects models, using a
range of control and experimental predictors.

Control predictors
Our control predictors included psycholinguistic vari-
ables (described in Table 1) that have commonly been
found to influence the speed of picture naming: visual
complexity, imageability, name agreement, familiarity,
log word frequency, word length in phonemes (e.g.
Alario et al., 2004; Bonin et al., 2002). We chose not to
include age of acquisition as age of acquisition norms
from native English speakers are uninformative for
second language English speakers. We also added two
variables relating to the experiment: trial order and the
standardised response time of the preceding trial
(Baayen & Milin, 2010).

Experimental predictors
Our experimental predictors were language exposure,
phonological edit distance (see below), and a set of
measures of phonological neighbourhood density.

Language exposure. Language exposure was defined
as the number of years the participant had been
exposed to English by living, fully immersed, in an
English-speaking country: mean = 9.96 years, SD = 8.94.

Phonological edit distance. Phonological edit distance
between translation pairs (Phonological Corpus Tools:
Hall et al., 2015) could be considered a continuous

Table 1. Summary of item-related control predictors.
Name Definition Mean(SD)

Visual complexity Size of the digitised stimuli picture files in Kbytes (IPNP, Szekely & Bates, 2000) 16,665 (8911)
Imageability Human ratings of a word’s capacity to arouse nonverbal images (MRC database: Coltheart et al., 1977).

Only available for 250 of the 318 items.
593 (33)

Name agreement The degree to which participants agree on the name of the picture. Based on mean speeded accuracy
of 40 young monolingual Australian English speakers (Hameau, 2016) expressed in %

88 (13)

Familiarity Human ratings of how usual or unusual the concept/object is in an individual’s realm of experience on
a 7-point scale (Johnston et al., 2010)

5.02 (1.15)

Log word frequency Log summed spoken and written word form frequency (per million) (CELEX: Baayen et al., 1993) 2.39 (0.71)
Word length
(phonemes)

Number of phonemes 4.25 (1.58)

Phonological edit
distance

Phonological similarity between the English target and its French translation equivalent. Higher scores
indicate less overlap (Phonological Corpus Tools: Hall et al., 2015)

18.52 (10.42)
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measure of “cognateness”. This measure compares the
French translation’s phonology and the IPA transcription
of the English target word, calculating the number of
one symbol changes required to turn the English phono-
logical form to the French phonological form. Changes
are here weighted based on featural similarity. For
instance, the English noun saw (/sɔ/) and its French
translation equivalent scie (/si/) have a phonological
edit distance score of 3, which is obtained as follows:
the consonant is identical, but the vowel has three
different featural contrasts: Open-mid versus close,
back versus front, and rounded versus unrounded,
hence the phonological edit distance value of 3. The
more featural contrasts between each phoneme of a
word and the corresponding phoneme of its translation,
the higher the phonological edit distance. We chose this
measure of formal overlap between the target word and
its translation equivalent, rather than a binary cognate/
non cognate distinction, to allow a more fine-grained
consideration of phonological similarities between the
two languages at play in this experiment.

Phonological neighbourhood density. The bilingual-
specific measure of phonological neighbourhood
density used in this study was tailored to our bilingual
population for three reasons: first, we wished to
examine neighbours from both the target language
(English) and the non-target language (French);
second, in late bilinguals the limited size of the L2 voca-
bulary reduces the number of L2 neighbours compared
to monolingual native speakers of that language, and
third, the potential specificities of the phonological rep-
resentations in our sample of late bilinguals may require
an adapted calculation of phonological neighbourhood
density.

Our calculation method was developed taking into
account the following factors. First, there is clearly no
full overlap between vowel categories in English and
French, with 20 different vowels in English and 17 in
French, including nasal vowels. Take, for example, the
English target word mitt (/mɪt/). In French, there is only
one /i/ vowel (at least in the European French varieties),
therefore French speakers might not have two clear and
distinct representations for the English phonemes /ɪ/ (as
inmitt) and /i/ (as inmeat), and both might be perceived
as equivalent (i.e. mitt and meat will be homophones). If
that is the case, then for a French native speaker, the
English words bit and meat only differ by one
phoneme and, hence, unlike for English monolinguals,
count as phonological neighbours. In the same vein, for
the late bilingual, the French word vite (/vit/ - meaning
“fast”) would count as a cross language neighbour of
bit, although strictly following the one phoneme differ-
ence rule based on IPA, they differ by two phonemes.

We used Iverson and Evans’ (2007) findings to map
English vowels to French vowels for French native speak-
ers. They asked French native speakers to listen to aurally
presented English vowels, identifying which French
vowel was most similar this English vowel, as well as
rating how similar the English vowel was to its French
so-defined counterpart (see Table 2). All their partici-
pants grew up in France but had started learning
English in childhood and were tested in London where
they had been living for up to 17 years (we note here
that this sample is similar to that of the present study
in terms of the type and amount of exposure to
English). We used these English-French vowel mappings
to build on Vitevitch (2012) and develop “French-
speaker” transcriptions of English targets: English vowels
that were paired to a different French vowel with a simi-
larity rating of 70% or more, were replaced by that vowel.
For instance, IPA transcription for the word bit (/bɪt/) was
recoded as /bit/ as French speakers rated the English
vowel /ɪ/ 87% similar to the French vowel /i/.

Phonological neighbourhood densities of target
words were calculated using the program CLEARPOND
(Marian et al., 2012), with the addition of the neighbours
of the “French-speaker” transcription of these words. We
then adjusted the pool of potential neighbours, retain-
ing only words that were likely to be present in the
majority of our French native speakers’ English lexicon,
by estimating a frequency cut-off: 27,000 words is the
average number of words known by a native speaker
of English aged 30 (levels of vocabulary can go up to
40,000). For second language learners after 3–4 years
spent in an English-speaking country, the number of
words is estimated to 13000 words (so 32 to 48% of a
native speaker’s vocabulary) (Estimates of vocabulary sizes
for both monolinguals and bilinguals were taken from the
“Test your vocab” (2013) website: http://testyourvocab.
com). Words in the CELEX (Baayen et al., 1993) database

Table 2. English vowels, the most similar corresponding French
vowel, and the average similarity rating (percentage) between
the English and the French vowels (adapted from Iverson &
Evans, 2007).
English vowel Closest French vowel Average similarity rating

i i .86
ɪ i .87
eɪ ɛ .70
ɛ ɛ .86
a a .91
aɪ a .57
aʊ a .47
ɑ ɑ .80
ɒ ɔ .83
ɔ o .84
əʊ o .74
ɜ ø .80
ʌ ø .85
u u .82
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most likely reflect the highest level of vocabulary a native
speaker of English can achieve. Hence, we estimated that
the 32% of words with the highest CELEX frequency were
those most likely to be in our bilingual participants’
English lexicons. These words correspond to words with a
CELEX log combined (sum of spoken and written) word-
form frequency greater than 3. French neighbours of the
English targets were also obtained using CLEARPOND
(Marian et al., 2012)3 and using the same “French-speaker”
transcription in addition to the English form of each target.

We computed several measures of phonological
neighbourhood density (PND). These were both
measures that used our bilingual-specific approach,
and, for better comparison with previous research, tra-
ditionally computed measures that do not account for
phonological assimilation and frequency in bilinguals,
and consist of the raw output from CLEARPOND
(Marian et al., 2012):

. English PND, bilingual-specific (mean = 11.70, SD =
12.08).

. English PND, traditionally computed English PND
tradit (mean = 15.08, SD = 15.42).

. French PND, bilingual-specific: number of neighbours
of the English target in French (mean = 13.02, SD =
21.27).

. French PND, traditionally computed (French PND
tradit.; mean = 5.15, SD = 12.77).

. Combined English and French PND (Combined PND),
bilingual-specific: Total number of neighbours of the
English target in both English and French (sum of
PND and French PND) (mean = 24.73, SD = 31.03).

. Combined PND, traditionally computed (Combined
PND tradit., mean = 20.95, SD = 24.55).

The measures that took into account late bilinguals
characteristics differed significantly from the “tra-
ditional” PND measures computed using the raw
output from CLEARPOND (English PND measures:
t(600) = 3.73, p < .001; French PND measures: t(632) =
6.65, p < .001; Combined PND measures: t(462) = 6.03,
p < .001), however, they were strongly correlated (for
English PND: r = .948, p < .001; French PND: r = .662,
p < .001; Combined PND: r = .865, p < .001).

Analysis procedure

Vocal response latencies were manually adjusted for
response onset, in order to correct for instances when
the voice trigger was activated by irrelevant noise,
using CheckVocal (Protopapas, 2007). A response was
coded as correct when it corresponded exactly to the
target word, with no fluency error. For example,

refrigerator for fridge or bathtub for bath were discarded.
Incorrect responses included fluency errors, synonyms,
visual errors, other error types that did not fit in these
categories, and no responses (or timeout).

All predictors were standardised to be on the same
scale, so that the interpretation of intercepts was not
affected by interaction terms between the variables at
play (Schielzeth, 2010). Inspection of the pairwise corre-
lations between all predictors revealed that several of
the predictors were significantly correlated, especially
and unsurprisingly most of the PND variables (see corre-
lation table in Appendix B). Hence, we had potential
multicollinearity between our PND measures (corre-
lation coefficients of .8 or higher: Hutcheson & Sofro-
niou, 1999). To remediate this, we ran different models
for each of the different PND measures. Although this
procedure did not allow us to determine the effect of
a PND measure “over and above” the effects of the
other PND measures, by comparing the fit of respective
models we could nevertheless evaluate and compare
their predictive power. In addition, we monitored multi-
collinearity by computing variance inflation factors (VIFs)
with values above 2.5 being the sign of potentially pro-
blematic multicollinearity (Allison, 2012; throughout the
whole set of analyses, all VIFs were well below that
threshold).

In addition to the main effects of PND measures, we
were interested in testing a number of interactions. Fol-
lowing Hameau et al.’s (2018) results, we examined the
interaction between PND measures and the frequency
of the target. However, given that frequency of the
English words was not felt to be an appropriate
measure of “true” frequency for our late bilinguals par-
ticipants, we instead investigated the interaction
between PNDmeasures and familiarity, which correlated
strongly with log frequency in our item set (r = .494,
p < .001). It has been shown that familiarity ratings,
although closely related to frequency, may be more
accurate, especially for words in the lower frequency
range (e.g. in lexical decision: Gernsbacher, 1984; in
picture naming in aphasia: Nickels & Howard, 1995), and
recent research suggests that measures of frequency
based on ratings rather than objective measures of fre-
quency have a better predictive power in L2 processing
(Chen & Dong, 2019). Our familiarity measure, based on
ratings, may be a better fit for our L2 naming data com-
pared to a corpus-based frequency measure, and was
therefore preferred to frequency for testing this
interaction.

We tested two further interactions (as previously
explained) between the length of exposure to English
and, on the one hand, PND measures, and on the
other hand, phonological edit distance.
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We used (generalised) linear mixed effect modelling
to assess the specific influence on response time and
on accuracy of each phonological neighbourhood
value and the continuous translation similarity
measure, taking into account the variability inherent to
different participants and items. Data were analysed
using R (R Development Core Team, 2011) using the
lme4 software package (Bates et al., 2014), and lmerTest
(Kuznetsova et al., 2017) was used to retrieve p-values.
Interaction plots were created using the packages
effects (Fox & Weisberg, 2019) and ggplot2 (Wickham,
2016). We ran two series of models, first on response
time for correct responses, and second on accuracy.
Because of generally high correlations between PND
measures (see Appendix B), separate models were run
for each specific PNDmeasure. How a PNDmeasure con-
tributed to the model fit compared to other PND
measures, was assessed by comparing the Akaike Infor-
mation Criterion of respective models.

Results

The different response time and accuracy models
showed remarkably similar effects of the PND measures
of interest. An overview of the results is provided in
Table 3. In order to avoid repetition in the text,
because of the similarity between the results, we
describe below the results for the first tested model
(involving our late bilingual-specific English PND
measure) only, first for response time and then for accu-
racy. Full model summaries for all the analyses can be
found in Appendices C and D.

Response time analyses – bilingual-specific
English PND

Incorrect responses were removed from response time
(RT) analyses, resulting in 12,198 observations for analy-
sis. For this analysis, the optimal data transformation
resulting from the BoxCox test (Box & Cox, 1964) was
to raise RTs to the power of −.38. The initial linear
mixed effect model included by-item and by-participant
random intercepts, and trial order, preceding RT, visual
complexity, imageability, word frequency, familiarity,
length in phonemes, Australian speeded name agree-
ment, number of years of exposure to English, phonolo-
gical edit distance, and bilingual-specific English PND as
fixed factors, as well as the interaction between phono-
logical edit distance and exposure to English, the inter-
action between English exposure and English PND, and
the interaction between target familiarity and bilin-
gual-specific English PND (see Appendix B). Next,
model comparison was performed to determine the

significant contribution of each fixed factor and inter-
action in the model. Predictors that improved the
model were name agreement (X2(1) = 85.65, p < .001),
response time of the preceding trial (X2(1) = 38.64, p
< .001), target familiarity (X2(1) = 35.25, p < .001), and
trial order (X2(1) = 20.46, p < .001), and for the exper-
imental predictors, phonological edit distance (X2(1) =
27.23, p < .001). Predictors that did not significantly
improve the model were log word frequency (X2(1) =
3.03, p = .082), visual complexity (X2(1) = 2.71, p = .099),
length (X2(1) = 0.001, p = .974)4, and for the experimental
predictors, exposure to English (X2(1) = 3.63, p = .057),
and bilingual-specific PND (X2(1) = 1.45, p = .228).

The tested interactions all improved the model’s fit:
the interaction between phonological edit distance
and the number of years of exposure to English (X2(1)
= 5.47, p = .019), between number of years of exposure
to English and bilingual-specific English PND (X2(1) =
6.07, p = .014), and between familiarity and bilingual-
specific English PND (X2(1) = 10.16, p = .001). Because
imageability values were only available for 249 items,
chi-square type model comparison was not possible,
hence the independent contribution of imageability
was assessed by considering the Akaike Information Cri-
terion (AIC) of a model with imageability (−136,331.8)
and a model without this variable (−171,489.7). A differ-
ence in AIC of more than two is substantial evidence of
the superiority of the model with the lowest AIC (e.g.
Burnham & Anderson, 2004), hence the model without
imageability was deemed a better fit to the data than
the model including imageability.

Next, we removed non-significant fixed factors
(except for those that were included in significant inter-
actions) which resulted in a model that included trial
number, preceding RT, familiarity, Australian name
agreement, English exposure, phonological edit distance
and bilingual-specific English PND as fixed factors, and
the three interactions. The resulting model is summar-
ised in Table 4.

Consistent with previous studies of predictors of
picture naming behaviour (e.g. Alario et al., 2004), in
this final model, words named earlier in the experiment,
with shorter preceding RTs, higher name agreement,
and higher familiarity, were named faster (see Full
model in Appendix C1). Interestingly, (English) log fre-
quency was not a significant predictor of latencies, rein-
forcing the inadequacy of this measure for individuals
with lower levels of English proficiency. In line with
Sadat et al. (2014), words with higher phonological
overlap with their translation equivalent were named
faster. Exposure to English was only marginally signifi-
cant, with participants with less exposure tending to
be slower. There was a significant interaction between
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Table 3. Summary of significant predictors and interactions for each response time and accuracy model corresponding to a given measure of PND, and model AIC.
Model
corresponding to

Previous
RT

Trial
order Imageability

Name
agreement Familiarity

Phonological edit
distance

English
exposure

PND
measure

PND measure *
Familiarity

PND measure *
Exposure

Phonological edit
distance * Exposure Model AIC

Response time
English PND
(biling)

b d n/a b b d (b) ø ✓ ✓ ✓ −171555.30

English PND (trad) b d n/a b b d (b) ø ✓ ✓ ✓ −171554.60
French PND
(biling)

b d n/a b b d (b) ø ✓ ✓ ✓ −171557.00

French PND (trad) b d n/a b b d (b) ø ✓ ✓ ✓ −171556.30
Combined PND
(biling)

b d n/a b b d (b) ø ✓ ✓ ✓ −171559.20

Combined PND
(trad)

b d n/a b b d (b) ø ✓ ✓ ✓ −171560.10

Accuracy
English PND
(biling)

n/a d d n/a b d b ø ✓ ø ø 10890.77

English PND (trad) n/a d d n/a b d b ø ✓ ø ø 10891.07
French PND
(biling)

n/a d d n/a b d b ø ✓ ø ø 10891.49

French PND (trad) n/a d d n/a b d b ø ✓ ø ø 10894.63
Combined PND
(biling)

n/a d d n/a b d b ø ✓ ø ø 10887.87

Combined PND
(trad)

n/a d d n/a b d b ø ✓ ø ø 10887.60

(biling) = Bilingual-specific PND measures; (trad) = Traditionally computed PND measures; b = facilitatory effect; d = inhibitory effect; ø = no significant effect; ✓ = presence of a significant interaction.
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English exposure and phonological edit distance, as illus-
trated in Figure 1, Panel A: Participants were generally
faster to name targets with more phonological overlap
(low phonological edit distance) with their French trans-
lation equivalents than targets with less phonological
overlap, a “cognateness benefit”. However, the size of
this benefit was larger for those participants with little
English exposure than for participants with more
English exposure. In other words, the “cognateness
benefit” reduced as English exposure increased.

The measure of bilingual-specific English PND inter-
acted with English exposure (see Figure 1, Panel B)
such that individuals with more exposure to English
exhibited a negligible effect of bilingual-specific PND
while individuals with less exposure to English were
slower with words of higher bilingual-specific PND
than words with lower bilingual-specific PND.

Bilingual-specific English PND also interacted with
familiarity (see Figure 1, Panel C): There was little effect
of bilingual-specific English PND on higher familiarity
items (if anything, the effect trended in the direction
of facilitation), and the largest (inhibitory) effect of bilin-
gual-specific English PND was seen on lower familiarity
targets (lower familiarity words were slower named if
they had higher bilingual-specific English PND).

Response time analyses – other PND measures

Subsequently, bilingual-specific English PND was
replaced by every other phonological neighbourhood
density measure (English PND tradit., bilingual-specific

French PND, French PND tradit., bilingual-specific Com-
bined PND, and Combined PND tradit.) in separate
models. Effects of the different measures of PND, the
other experimental variables and the different tested
interactions, along with the AIC of each model, are sum-
marised in Table 3, and full response time models are
displayed in Appendix C.

Effects of the other PND measures were very compar-
able to the English PND measure: all the interactions dis-
cussed above for English PND were also significant for
French PND and Combined (English & French) PND
and the parallel measures using traditional calculations
(rather than calculations adjusted for late bilingual pho-
nology). As one of our main goals was to determine
which PND measure was the best predictor of picture
naming performance, we considered each model’s AIC
(models with at least a 2 units lower AIC are a better
fit than models with a higher AIC: Burnham & Anderson,
2004). Since these models only differ by one predictor
(the specific measure of PND), differences in AIC
reflect the particular contribution of each of these criti-
cal predictors to the fit of the model. The models
including the Combined PND measures provided the
best fit of the data, with lower AICs than the models
including the French PND measures, which in turn
had lower AICs than English PND measures. Finally,
contrary to our expectations, models featuring PND
measures computed using our bilingual-specific
measure were not meaningfully different from the cor-
responding models featuring traditionally computed
PND measures.

Table 4. (Transformed) Response time analyses: Summary of the final Bilingual-specific PND: model structure, Akaike Information
Criterion (AIC), Variance and standard deviation (SD) of random effects, coefficients (B) and their standard errors (SE), t-values,
p-values, and variance inflation factor (VIF), for each fixed effect and interaction.

Model structure

Lmer (RTT ∼ (1 | participant) + (1 | item) + standardised preceding RT + trial order + name
agreement + familiarity + phonological edit distance * exposure to English + Bilingual-specific
English PND * exposure to English + Bilingual-specific English PND * familiarity, data: French

late bilinguals, optimiser: nloptwrap)

AIC −171555.3

Random effects Variance SD

Item (intercept) 1.17E-08 1.08E-04
Participant (intercept) 1.12E-08 1.06E-04
Residual 4.12E-08 2.03E-04

Fixed effects B SE t-value p-value VIF

(Intercept) 9.57E-04 1.63E-05 58.59 < .001
Preceding RT standardised −1.21E-05 1.95E-06 −6.22 <.001 1.00
Trial order −1.11E-05 1.93E-06 −5.75 <.001 1.00
Name agreement 6.35E-05 6.48E-06 9.79 <.001 1.03
Familiarity 5.24E-05 6.56E-06 7.99 <.001 1.07
Bilingual-specific English PND −6.63E-06 6.56E-06 −1.01 .313 1.06
English exposure 2.90E-05 1.51E-05 1.92 .061 1.00
Phonological edit distance −3.55E-05 6.54E-06 −5.42 <.001 1.05
Familiarity * Bilingual-specific English PND 2.03E-05 6.60E-06 3.07 .002 1.04
English exposure * Bilingual-specific English PND 4.55E-06 1.85E-06 2.46 .014 1.01
English exposure * Phonological edit distance 4.51E-06 1.93E-06 2.34 .020 1.01

All variables in the fixed effects were standardised.
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Figure 1. Illustration of significant interactions (all from Bilingual-specific English PND models). Panel A: Exposure to English * stan-
dardised phonological edit distance (S.Phon.edit) on response time. Panel B: Exposure to English * standardised Bilingual-specific
English PND (S.PND) on response time. Panel C: Familiarity * standardised Bilingual-specific English PND (S.PND) on response time.
Panel D: Familiarity * standardised Bilingual-specific English PND (S.PND) on accuracy.
Note: for plotting clarity, raw RTs were used in the response time models plots.
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Accuracy analyses – (bilingual-specific) English
PND

Overall accuracy was 77%. Accuracy (error = 0, correct = 1)
was analysed using generalised linear mixed effect
models, using the same procedure as for latency but
excluding preceding RT, and name agreement (as
name agreement here is simply a measure of mean accu-
racy per-item). Predictors that improved the model were
familiarity (X2(1) = 26.47, p < .001), trial order (X2(1) =
11.30, p < .001), log frequency (X2(1) = 6.79, p = .009)
and for the experimental predictors, phonological edit
distance (X2(1) = 7.30, p = .007) and number of years of
exposure to English (X2(1) = 13.83, p < .001). The model
with imageability had a lower AIC than the model
without imageability (10,892.36 versus 14,165.56). Pre-
dictors that did not improve the model (as main or
simple effects) were length (X2(1) = 0.024, p = .877),
visual complexity (X2(1) = 0.032, p = .858), and for the
experimental predictors, bilingual-specific English PND
(X2(1) = 0.5357, p = .464). The addition of the interaction
between phonological edit distance and exposure to
English did not improve the accuracy model (X2(1) =
0.88, p = .349), and neither did the interaction between
bilingual-specific English PND and exposure to English
(X2(1) = 0.30, p = .586). The interaction between famili-
arity and bilingual-specific English PND did improve
the model (X2(1) = 16.57, p < .001). The predictors
retained in the model in addition to bilingual-specific
English PND, were, therefore, trial order, familiarity, log
frequency, imageability, English exposure and phonolo-
gical edit distance, as well as the interaction between
familiarity and bilingual-specific English PND. In this
final model (summarised in Table 5), there were signifi-
cant effects such that targets that were named earlier
in the experiment, had higher imageability, higher fam-
iliarity ratings and higher frequency were named more
accurately. In addition, targets that were lower in phono-
logical edit distance (more similar phonological form) to
their French translation equivalent were more accurately
named and participants with more extensive exposure
to English showed more accurate naming. Bilingual-
specific English PND interacted with familiarity in the fol-
lowing way: for lower familiarity items, there was an
inhibitory effect of bilingual-specific English PND,
whereas on more familiar targets, there was no (or if any-
thing, a slightly facilitatory) influence of bilingual-
specific English PND5 (see Figure 1, Panel D).

Accuracy analyses – other PND measures

Similar to response time analyses, other models were
computed using the same structure as the final

bilingual-specific English PND model but replacing this
measure by the other PND measures, one at a time. All
model summaries are available in Appendix D. Again,
results were comparable across all PND measures (See
Table 3 for a summary). We inspected AIC values for
each accuracy model, and found that the models with
the best fit to the data were those using combined
measures of PND. The model that had the highest AIC
(hence with the least good fit) was the one that
included French PND computed the traditional
way. Measures computed with our bilingual-specific
approach were, once again, not meaningfully better
than PND measures computed the traditional way
(apart from French PND where the fit of the correspond-
ing bilingual-specific model was better than that of the
model that included the same measure but computed
the traditional way).

Discussion

This experiment examined picture naming, in English, by
French native speakers who had acquired English later in
life but had been immersed in an English-speaking
environment for at least the previous two years. We
used a continuous measure of “cognateness”, and a
novel measure of phonological neighbourhood density
in an attempt to capture the specific phonological rep-
resentations of non-native words in a late bilingual’s
lexicon, and took into account the more limited range
of vocabulary expected in these late bilinguals. We
aimed to investigate to what extent phonologically
related words in both languages of a late bilingual
influenced the picture naming performance in L2, and
whether familiarity of the target and number of years
of exposure of the speaker to their second language
influenced potential effects of phonological neighbour-
hood density.

The role of language exposure

Unsurprisingly, picture naming became more accurate
and marginally faster the more extensive the partici-
pants’ exposure to English (operationalised as years of
immersion in an English speaking environment). We
found the standard “cognate” facilitation effect on
response time and accuracy but using a more nuanced
(continuous) measure of phonological overlap (see also
Sadat et al., 2016): the more similar sounding an
English word was to its French counterpart, the faster
and the more accurately it was named. In addition, we
showed that this cognate facilitation effect on response
time in L2 decreased with English exposure. This is in line
with Costa et al. (2000) who found stronger cognate
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effects when bilinguals name pictures in their L2 (less
proficient language) compared to their L1 (more profi-
cient language). However, our response time results
extend this by demonstrating that these proficiency
differences can be seen even within the non-dominant
language, as proficiency increases with exposure.

Turning to the influence of language exposure on the
effects of phonological neighbourhood, our results differ
from those of Marian and Blumenfeld (2006): we found
that measures of phonological neighbourhood density
had an inhibitory effect on word production in the indi-
viduals with the shortest exposure to English, while
Marian and Blumenfeld found stronger facilitatory
effects of phonological neighbourhood density when
the target language was the second, less proficient
language (as opposed to the first language). However,
our participant sample likely had lower proficiency
overall than that of Marian and Blumenfeld (2006).
Marian and Blumenfeld’s participants were proficient
late bilinguals, with longer exposure to their second
language compared to our study (these participants
had started “learning” their second language 17 years
on average prior to the experiment, while our sample
had been exposed to the second language for as little
as two years, and for about ten years on average).
Hence, Marian and Blumenfeld’s sample is more similar
to those individuals in our study who had the longest
exposure. The fact that, in our study, an interaction
was found between the effect of (within language) pho-
nological neighbourhood density and language
exposure fits with this interpretation: in the present
study the inhibitory effect of neighbours was only
present for participants with less exposure to

English, but it evolved towards a facilitatory trend for
those participants whose exposure time was possibly
more similar to that of Marian and Blumenfeld’s
participants.

However our finding of a significant interaction
between exposure and phonological neighbourhood
density measures does not fit with Sadat et al. (2016)
who found main inhibitory effects of target language
phonological neighbourhood density and no effect of
cross-language phonological neighbourhood density in
highly proficient early bilinguals. Indeed, our findings
suggested that highly proficient bilinguals should
show a trend towards facilitatory effects of (within
language) phonological neighbourhood density. We
discuss the potential source of this difference below.

Effects of PND depend on target familiarity

Aside from effects of L2 proficiency on the direction of
phonological neighbourhood density effects on
latency, we also found interactions between every
measure of phonological neighbourhood and familiarity,
in both response time and accuracy: There was an inhibi-
tory effect of higher phonological neighbourhood
density but only for more unfamiliar words. In contrast,
for words of higher familiarity, the effect, if anything,
tended to be facilitatory. If this is the case, then depend-
ing on the overall familiarity of an item set, we might see
different effects of phonological neighbourhood density
emerging in L2 picture naming, that is, inhibitory effects
when the dataset is of overall low familiarity and facilita-
tory effects if the dataset is of particularly high famili-
arity. This possibility was examined by retrieving

Table 5. Accuracy analyses: Summary of the final Bilingual-specific PND: model structure, Akaike Information Criterion (AIC), Variance
and standard deviation (SD) of random effects, coefficients (B) and their standard errors (SE), z-values, p-values, and variance inflation
factor (VIF), for each fixed effect and interaction.

Model structure

glmer (accuracy ∼ (1 | participant) + (1 | item) + trial order + imageability + familiarity +
phonological edit distance + exposure to English + Bilingual-specific English PND * familiarity, data:

French late bilinguals, optimiser: bobyqa)

AIC 10890.77

Random effects Variance SD

item (intercept) 1.292 1.137
participant (intercept) 0.277 0.526

Fixed effects B SE z-value p-value VIF

(Intercept) 1.67E+00 1.10E-01 15.22 <.001
Trial order −8.74E-02 2.56E-02 −3.41 .001 1.00

Imageability 3.38E-01 7.81E-02 4.33 <.001 1.03
Familiarity 5.10E-01 8.49E-02 6.01 <.001 1.07
English exposure 3.15E-01 7.92E-02 3.98 <.001 1.00
Bilingual-specific English PND −2.19E-02 7.82E-02 −0.28 .779 1.05
Phonological edit distance −2.49E-01 8.17E-02 −3.05 .002 1.07
Familiarity * Bilingual-specific English PND 3.53E-01 8.35E-02 4.23 <.001 1.09

All variables in the fixed effects were standardised.
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concept familiarity values corresponding to Marian and
Blumenfeld (2006) and Sadat et al.’s (2016) stimuli. We
took the English translations of items from both
studies (Marian and Blumenfeld: German; Sadat et al.:
Spanish) and retrieved the corresponding familiarity
values using the same source as in the present study
(Johnston et al., 2010). Sixty-eight percent of the
English counterparts of Marian and Blumenfeld’s items
were in Johnston et al.’s database, and 71% of Sadat
et al.’s items. Familiarity values were significantly
higher in Marian et al.’s dataset (mean = 5.48, SD =
1.04) compared to ours (mean = 5.02, SD = 1.15); (t
(355) =−2.37, p = .018, two-tailed) and to Sadat et al.’s
(mean = 4.90, SD = 1.16); (t(418) =−2.98, p = .001, two-
tailed). Familiarity values in our dataset did not differ sig-
nificantly from those in Sadat et al. (t(697) = 1.35, p
= .176, two-tailed). These results are consistent with
the hypothesis that, in bilingual picture naming, higher
familiarity datasets can generate facilitatory PND
effects (as is the case in Marian & Blumenfeld, 2006)
and that low familiarity datasets are more likely to gen-
erate inhibitory PND effects (as in Sadat et al., 2016). Of
course, we must be cautious when interpreting these
results as only around 70% of the familiarity values
were available: these values might not be fully represen-
tative of the complete sets.

Late bilinguals are affected by both within – and
cross-language phonological neighbourhood
density

Effects were observed in the same direction for all three
measures of phonological neighbourhood density
(within- and cross- language and combined). This
suggests that at least in late bilinguals with limited profi-
ciency, phonological neighbours (of both languages) are
activated during word production and influence proces-
sing. This section addresses the fact that the measures
relating to Combined and French (cross-language, L1)
neighbourhood appeared to be slightly better predic-
tors than those pertaining to English (within-language,
L2) neighbours. We will discuss this, while being aware
that some caution needs to be used: the three
mesures were intercorrelated, and it is therefore
difficult to be confident what the contribution of each
measure to the observed effects was.

The relative apparent superiority of Combined PND
and French (cross-language) PND, together with the
fact that, at least on response time, effects of phonologi-
cal neighbourhood density were stronger in individuals
with lowest levels of exposure, suggests that the
effects may be driven by neighbours of the most profi-
cient or dominant language (here, in the least balanced

individuals, French). As dominance changes, English
words may have a stronger impact on lexical processing,
and the opposite occurs for French words. That is, the
relative familiarity difference between English targets
and French neighbours decreases as proficiency
increases and dominance changes. Marian and Blumen-
feld (2006) argued that stronger effects of phonological
neighbourhood density on response time in lower profi-
ciency individuals could be attributed to the fact that
words in a less proficient language have an overall
“low frequency status” that makes these words “more
sensitive” to phonological neighbourhood density (of
that language). We agree that words of a less proficient
language will have an overall lower frequency status, but
as this is the case for both the targets and their neigh-
bours in that language, it is unclear why the relative
balance of activation between target and neighbours
would be different in low proficiency compared to
high proficiency speakers. We argue that, as Marian
and Blumenfeld proposed, in (late) bilinguals, words in
a less proficient language are more sensitive to effects
of phonological neighbours, but our view is that this is
the (relatively higher “frequency”) neighbours of the
more proficient/dominant language that drive this
effect.

An important point we want to acknowledge is that,
following the language mode theory (e.g. Grosjean,
1998, 2001) the setting of our experiment may have pro-
moted a higher activation of the non-target language.
Indeed, participants were aware that the experimenter
was proficient in French (as well as English). This likely
promoted a higher activation of the non-target
language (French), and hence might have contributed
to enhanced cross-linguistic effects (such as effects of
cross-language neighbours and cognates) compared to
a strictly monolingual setting. There is therefore the
possibility that the patterns we are seeing here might
correspond to an “enhanced” version of cross-language
dynamics in late bilinguals’ lexical processing.

We note that analyses performed using PND
measures computed without the “bilingual-specific”
adaptation showed the same significant interactions
on response time and accuracy (and no additional
effects) compared to those performed with the adap-
tation. Even though, in general, models with these tra-
ditionally computed measures had a very slightly
worse fit (higher AICs) than models with the bilingual-
specific adaptation, these differences were too small to
claim that the bilingual-specific measures provided a
better fit to the data .While this finding was not
expected, it shows the robustness of the observed
PND effects in the present study. It also alleviates our
concern, and that of Marian and Blumenfeld (2006)
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and Vitevitch (2012), that traditionally computed phono-
logical neighbourhood measures may not be meaning-
ful for bilinguals. Hence, these “standard” measures of
phonological neighbourhood density might be just as
effective at predicting bilingual picture naming perform-
ance as measures adapted to specific bilinguals.

How could the effects of phonological neighbour-
hood density in late bilinguals be interpreted within the-
ories of speech production? In the case of monolinguals,
it has been argued (e.g. Chen & Mirman, 2012; Dell &
Gordon, 2003) that an influence of phonological neigh-
bourhood density can be best explained by models
that postulate cascading and interactivity between the
lexical level and the phonological level: A facilitatory
effect of neighbours arises from feedback from the
target’s phonemes to both the target and its phonologi-
cal neighbour’s lexical representation. This in turn leads
to greater activation of the target phonemes and stron-
ger activation of the target’s lexical node resulting in
higher likelihood of selection. Hence, the more neigh-
bours, the more likely the target is to be selected and
the more extra activation is sent to target phonemes.
Note that, although both Chen and Mirman (2012) and
Dell and Gordon (2003) only envisaged facilitatory
effects of phonological neighbours, inhibitory effects
could be possible within the same account: If phonologi-
cal neighbours are strongly activated at the lexical level,
approaching the level of activation of the target, then
these neighbours might generate inhibitory effects. For
instance, more time steps may be required for the
target to reach a level of activation sufficiently superior
to that of the phonological neighbour(s) to be selected,
resulting in slower “naming” times for words with many
phonological neighbours. Hence, in order to accommo-
date our results, a theory requires a mechanism that will
result in both facilitatory and inhibitory effects of neigh-
bours. The influence of phonological neighbourhood
density in bilinguals (especially cross-language) has not
received as much attention to date. There is strong evi-
dence that, in bilingual speech production, activation is
language-independent, that is, the non-target language
is activated, at least to the level of phonological rep-
resentations via the translation equivalent of the target
word (Colomé, 2001; Rodriguez-Fornells et al., 2005).
For instance, when naming a picture in one language,
activation from semantics flows to the lexical nodes of
both the target language and the non-target language,
then each of these lexical nodes send activation to
their respective phoneme nodes. However, it is one
step further to assume activation of phonological neigh-
bours of the other language, because it implies that
phoneme nodes from the non-target language can
also be activated via a lexical representation from the

target language, and not only via activation of its trans-
lation equivalent. This entails that, in bilinguals, acti-
vation from a lexical representation that is specific to
one language is sent to phoneme nodes in a language
non-specific way (which means that the phonological
repertoire is shared between languages). Furthermore,
it implies that these phoneme nodes send activation
back to lexical representations of both languages,
meaning there is interactivity between levels of proces-
sing, both within and across languages (at least in the
case of L2 naming). Based on the observation of larger
cognate facilitation when the response was in the non-
dominant language, Costa et al. (2000) argued that the
amount of activation of the phoneme nodes level was
proportional to the lexical node’s activation level,
which was higher for representations from a dominant
language, as they are of higher frequency. Following
this logic, it is then possible that for participants with
less exposure to English (hence most probably dominant
in French), when naming in English, French represen-
tations are relatively more highly activated, compared
to participants with more extensive experience in
English. Therefore, in our experiment, French neigh-
bours could be serious competitors of an English
target, resulting in an inhibitory effect of these French
neighbours and of the Combined measure including
both French and English neighbours. But when
language dominance is shifted to the target language,
less effect of (cross-language) neighbours might be
expected, as we found in this experiment.

Costa and colleagues’ argument of stronger acti-
vation of words in a dominant language also fits well
with our finding that familiarity levels of the target
(that evolve as proficiency increases) result in different
patterns of phonological neighbourhood density effects.

Conclusion

This research investigated the patterns of (cross-)
language activation in late bilinguals with a focus on
the phonological properties of the bilingual lexicon. It
showed that the influence of phonological neighbour-
hood density in English picture naming for late bilingual
speakers is modulated by several factors relating to the
relative frequency status of the target compared to
that of its neighbours. When the target was low in fam-
iliarity the effect of phonological neighbours tended to
be inhibitory, and facilitatory when the target word
had high familiarity. In addition, phonological neigh-
bourhood density measures tended to have an inhibi-
tory effect on latencies in individuals with the lowest
number of years of exposure to English compared to
individuals with more exposure. A parallel can be
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drawn between these results and the predictions of the
weaker links hypothesis (Gollan et al., 2008) in that
language exposure could be equated to frequency
status of words of the languages of a bilingual. When
individuals had low exposure, target items were overall
low in frequency/familiarity, with resultant inhibitory
effects of phonological neighbourhood density,
whereas individuals with higher exposure showed a
trend for facilitatory effects of phonological neighbour-
hood density. We suggested that increased phonologi-
cal neighbourhood density effects in individuals of
lower exposure were driven by cross-language neigh-
bours from the more proficient, dominant language.
Moreover, we found that effects of form overlap
between translation equivalents (“cognateness”) were
stronger in individuals with less exposure, showing
again the influence of L2 exposure on patterns of
cross-language activation. Taken together, these results
suggest that the weaker links hypothesis can not only
explain effects at the lexical level, but also effects that
happen as a consequence of interactivity between the
lexical and post-lexical/phoneme level of processing,
within and across languages. We suggest that our
results can be best accommodated within interactive
activation models with interactivity between the lexical
level and the phoneme level, and that in bilingual speak-
ers activation and interactivity exist within and across
languages. Finally, this study illustrates the need to
incorporate effects of increasing exposure to L2 in the
patterns of activation of the two languages within
(late) bilingual speakers in bilingual models of spoken
word production, and underlines the dynamic nature
of the bilingual lexicon.

Notes

1. For the sake of simplicity, we refer to the population
under investigation as late bilinguals or just bilinguals
(other ways to refer to our population would be
second language -or L2- learners). We are acutely
aware of the debate around what constitutes a bilingual,
and variability within this population and we do not
intend to imply that our findings will necessarily gener-
alise to all (late) bilingual speakers.

2. Forty English monolingual students fromMacquarie Uni-
versity (Hameau, 2016; Hameau et al., 2018).

3. In CLEARPOND, French neighbours are drawn from the
Lexique 2 database (New et al., 2004), using a frequency
cut-off that ensures that the French neighbours are likely
to be words from an educated French monolingual
adult’s vocabulary (i.e. excluding rare words that poten-
tially very few participants would know).

4. Note that in a previous version of this manuscript (as
part of the first author’s PhD thesis: Hameau, 2016), we
reported analyses run both with and without word
length in phonemes, despite the absence of an effect

on either response time or accuracy of this variable.
The presence or absence of length as a predictor did
not change the pattern of significance (interactions) of
the experimental predictors.

5. Since Log frequency significantly predicted accuracy (as
opposed to response time), we tested the interaction
between frequency and PND in line with Hameau et al.
(2018): this interaction did not improve the PND
model: X2(1) = 0.0176, p = .894.
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