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ABSTRACT

Different languages often share speech sounds, and
some degree of phonological similarity or equiva-
lence is commonly assumed between these shared
sounds. We investigated phonological represen-
tations in late bilinguals through a phonological
priming paradigm, where participants heard an En-
glish CVC prime followed by a French CVC tar-
get. Prime-target pairs either matched (e.g. bet, béte)
or mismatched (e.g. seed, pdte). If the prime and
target share a phonological representation, then re-
sponses to the target should be speeded in the match-
ing condition relative to the mismatching condition.
In three lexical decision experiments, we tested both
French—English and English—French bilinguals. We
found no evidence that phonologically matching
primes facilitate lexical access. We discuss these re-
sults in light of our understanding of phonological
representations in bilinguals, language-switching,
and priming.
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1. INTRODUCTION

Spoken languages often share similar sounds. For
bilingual or multilingual speakers, this raises a ques-
tion about mental representation: to what extent
do these speakers represent the phonemes of differ-
ent languages with the same abstract units? Con-
sider English peel /pil/ and French pile ‘battery’
/pil/. Although these words differ in phonetic de-
tail ([phixgi] and [pil] respectively), many speakers
regard these words as having ‘the same sounds’. In-
deed, piler is regarded as more similar to peelr than
it is to, say, paleg or tealg.!

Prior work has claimed that words ‘with the same
sounds’ facilitate lexical access for bilinguals in
unambiguous environments. For example, faster
picture naming was observed for (near-)matching
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words (Catalan gat, Spanish gato) than for non-
matching words (Catalan taula, Spanish mesa) [4,
9]. Similar results have been found in the do-
main of speech perception [11, 14]: for example, a
visual-world study found that German—English and
English-German bilinguals were briefly distracted
by a competitor image of a lid (German Deckel)
when searching for the target desk, even though
the experiment was entirely in English [1]. The
consensus that emerges from this literature is that
cross-linguistic phonological competitors (‘interlin-
gual homophones’) influence lexical access.

What is unclear, however, is what exactly con-
stitutes a phonological competitor. For the most
part, the previous literature has simply assumed that
equivalence exists between some pairs (e.g. English
/f/ and French /f/) but not between others (e.g. En-
glish /k/ and French /G/). These assumptions are
largely uncontroversial. However, some phonemes
appear to have multiple possible correspondents in
the other language, or none at all. Returning to the
piler example from earlier: we suggested that this
word is most similar to peelg, but another plausi-
ble mapping is to pillg. It has been proposed that
in cases like this, the most phonetically similar map-
ping is primary while the other is secondary [17].
However, it has been noted that structural issues
(such as patterns of allophony, phonotactics, and
featural oppositions) are just as, if not more, rele-
vant than plain phonetic similarity [2].

Phonological priming can be used as a diagnostic
in determining the similarity of phonemes [8, 16],
and could be useful in disentangling these questions.
A first step is therefore to determine if the phono-
logical priming paradigm can be used to assess in-
terlingual equivalence in general. This paper reports
on three experiments which attempt to answer this
question. These all followed the same method: Par-
ticipants were presented with an English prime, fol-
lowed by a French target. The task was lexical de-
cision on the target. If an English prime (such as



loopg /lup/) leads to facilitation of lexical access
to a phonologically similar French target (such as
louper /lup/ ‘magnifying glass’), we can conclude
that the phonological representations of the word
are similar. If, however, loopr does not facilitate
louper, then their phonological representations must
be dissimilar.

2. EXPERIMENT 1
2.1. Participants

Thirty French L1 English L2 bilinguals (23 female)
participated in this experiment. Their mean age was
24.3 years (min: 18; max: 33). All participants were
native speakers of French and had lived in French-
speaking countries their entire lives. They began
learning English at a mean age of 10 years (max:
14; min: 6).

2.2. Stimuli

Stimuli consisted of 173 English primes (all real
words) and 162 French targets (including both
words and nonwords). From these, 389 unique
prime—target pairs were constructed. The target ei-
ther matched the prime in terms of gross phonol-
ogy (e.g. betg /bet/ preceding béter [bet/), or did
not match (e.g. betg /bet/ preceding louper [lup/,
or betp preceding */vys/). The majority of stim-
uli were CVC, with some CCVC and CVCC. Both
words and nonwords could be preceded by a phono-
logically similar prime. This control meant that par-
ticipants could not simply listen to whether the two
words ‘sounded similar’; they instead had to per-
form full lexical access on the target word.

A further distinction was made among the primes

Table 1: Overview of trial types, varying in lex-
icality of target word, the French-like-ness of the
prime word, and the phonological match or mis-
match between prime and target. W: Word trial;
NW: Non-word trial; FP: French-like prime; NFP:
Non-French-like prime.

FP NFP

= w [Prime loop /lup/  N/A
2 Target loupe /lup/ N/A
S Nw FPrime N/A bed [bed/

Target N/A */bed/
S W Prime Der /bet/ trade [trerd/
g Target loupe /lup/ loupe [lup/
Z Nw Prime  Der /bet/ good [gud/
= Taget */vys/  */pil/
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according to whether they could be plausibly inter-
preted as an English pronunciation of a French word.
For example, loopg /lup/ could be considered to be
an English-accented production of louper. On the
other hand, bedg cannot be interpreted in this way
because /bed/ is not a French word. A possible
task-specific strategy that participants could adopt is
to attend to the English prime as if it were French,
perform French lexical decision on the prime, and
immediately respond with their decision if the tar-
get is phonetically similar to the prime. While the
inclusion of non-French-sounding primes does not
entirely invalidate this strategy, it allows for it to be
tested and controlled at the analysis stage. That is, if
this strategy is being used then we expect to observe
faster responses to French nonwords following non-
French-like primes and French lexical words follow-
ing French-like primes, relative to all other condi-
tions.

All words (primes and targets) were preceded by
a grammatically appropriate particle, such as theg
or ler. This step was taken to maximize intelligibil-
ity of the short stimuli by L2 listeners, and because
many bare nouns in French are ungrammatical with-
out a particle. While most research on phonologi-
cal priming has used bare words (e.g. [6, 13]), short
phrases have been shown to lead to equivalent prim-
ing effects [16].

The different trial types are summarized in Ta-
ble 1. Four counterbalanced lists were constructed,
each consisting of 56 words and 56 nonwords with
French-sounding primes, and 22 words and 22 non-
words with non-French-sounding primes. Of the
word trials, 28 were matching and 50 non-matching;
and of the nonword trials, 11 were matching and 68
non-matching. No participant was presented more
than once with a given prime or a given target.”
The prime phrases were recorded by a male native
speaker of English, and the target phrases by a fe-
male native speaker of French.

2.3. Procedure

Participants were randomly assigned to one of the
counterbalanced lists. The procedure followed that
of [16]: The prime phrase was presented on screen.
The recording of the prime was presented over head-
phones 500 ms later. At the offset of the audio, the
visual display was replaced by a fixation cross. Af-
ter another 500 ms delay, the target was presented
over headphones. Participants responded “word” or
“nonword” to the last word of the target phrase. The
next trial began 750 ms after a response was regis-
tered. Every 7 trials, participants were prompted by
question on the screen where they were asked if they



had encountered a particular prime before. This sec-
ondary task was intended to ensure that participants
were paying attention to the primes; they received
visual feedback on their accuracy.

2.4. Analysis

A mixed-effects linear regression model was con-
structed to predict (log-transformed) reaction time to
correctly answered target trials. Fixed effects were
match condition (matching vs not matching), prime
type (French-like prime vs non-French-like prime),
target word frequency (z-transformed), and prime
word frequency (z-transformed). Random intercepts
of prime word, target word, and participant were in-
cluded along with a random slope for match condi-
tion by prime word, target words, and participant.
This was the largest random slope structure that led
to reliable convergence.

An additional analysis was undertaken in order to
check for the use of the task-specific strategy of per-
forming lexical decision on the English prime as if it
were French, and then accepting or rejecting the tar-
get if there was an approximate phonological match
between the words. For each participant, a t-test was
performed to compare the reaction times of trials
which were eligible for this strategy to the reaction
times of other trials.

2.5. Results

Mean reaction times are reported in Table 2. All
participants scored above chance on the lexical de-
cision task, and so none were excluded. Thirty-eight
items were removed for having accuracy rates be-
low chance. This left 1499 correct responses to tar-
get items that could be analyzed. No significant ef-
fects in the mixed-effects model were observed (all
p > .3). Thus, there was no systematic difference
between the conditions, even when accounting for
the ability of the prime to be interpreted as a French
word. The t-tests revealed no evidence for strategic
bias in the results. (Three participants actually re-
sponded significantly more slowly to trials with the
hypothetically beneficial conditions.)

2.6. Discussion

This experiment revealed no evidence of priming
from English into French for French—English late
bilinguals. It is plausible that the lack of an effect
could be attributed to the fact that English is the L2
of these participants, and we expect greater influ-
ence of L1 on L2 processing than vice versa (i.e. lan-
guage transfer [7]). That is, to observe true interlin-
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Table 2: Mean of by-subject mean reaction times
for Experiment 1, split by condition. Standard de-
viations in parentheses.

Prime type

French-like
French-like
Non-French-like

Similarity RT (ms)

Match 760 (172)
Mismatch 771 (160)
Mismatch 763 (164)

gual priming we may need to use the L1 to prime the
L2. This possibility motivated Experiment 2, where
we tested English—French bilinguals.

3. EXPERIMENT 2
3.1. Participants

Eleven English L1 French L2 bilinguals (9 female)
participated in this experiment. Their mean age was
24.5 years (min: 21; max: 28). The participants
were working or studying in Paris at the time of the
experiment, and began learning French at a mean
age of 12.5 (min: 5; max: 22). Each participant had
been resident in France for between 1 and 6 years at
the time of the experiment.

3.2. Stimuli, procedure, analysis

The stimuli and procedure were identical to those of
Experiment 1, with one exception: the prime was
only auditory, not visual. This was done because it
was thought that the participants, being English na-
tives, would not need visual assistance in compre-
hending the prime. Analysis followed that of Ex-
periment 1. Due to convergence issues no random
slopes were included.

3.3. Results

Mean reaction times are reported in Table 3. No
participants were excluded: 478 data points from
correctly-answered target word trials were thus
available for analysis. More frequent words had
faster reaction times than less frequent words (§ =
—0.078, t = —2.549, p = .014). No other signifi-
cant effects were observed (all p > .4). The t-tests
revealed no evidence for strategic bias in the re-
sponses.

3.4. Discussion

A comparison of overall mean accuracy rates sug-
gests that these English—-French bilinguals (mean:
70.1%) were less adept at the lexical decision task



Table 3: Mean of by-subject mean reaction times
for Experiment 2, split by condition. Standard de-
viations in parentheses.

Prime type

French-like
French-like
Non-French-like

Similarity RT (ms)

Match 839 (180)
Mismatch 870 (164)
Mismatch 846 (218)

than the French-English participants of Experi-
ment 1 (mean: 79.5%). Nevertheless, the lack of
any indication of a priming effect is surprising. A
possible confound is the high cognitive load of the
experiment—the stimulus phrases varied in syntac-
tic class, and different word classes are known to be
processed differently [10, 3]. Experiment 3 there-
fore restricted the stimuli to nouns only.

4. EXPERIMENT 3
4.1. Participants

Nine English L1 French L2 bilinguals (seven fe-
male) participated in the experiment. Their mean
age was 26.7 years (min: 20; max: 32). The partic-
ipants were working or studying in Paris at the time
of the experiment, and began learning French at a
mean age of 15.1 (min: 7; max: 27). Each partici-
pant had been resident in France for between 1 and
6 years at the time of the experiment.

4.2. Stimuli, procedure, analysis

A subset of the stimuli from Experiment 1 were cho-
sen. Only nouns were selected, and organized into
three lists of 106 prime—target pairs each, with the
same proportions of words—nonwords and French-
sounding and non-French-sounding primes as in Ex-
periments 1 and 2. Leading particles were omit-
ted from both prime and target, since all stimuli
were nouns. The procedure followed that of Exper-
iment 2. Analysis followed that of Experiment 2.
Due to convergence issues the random intercept of
prime word was not included.

4.3. Results

Mean reaction times are reported in Table 4. Two
participants had accuracy at chance level and were
not included in the analysis. As a result, 235 correct
responses to target words were available for analy-
sis. No significant effects in the mixed-effects model
were observed (all p > .2). The t-tests revealed no
evidence for strategic bias in the results.
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Table 4: Mean of by-subject mean reaction times
for Experiment 3, split by condition. Standard de-
viations in parentheses.

Prime type

French-like
French-like
Non-French-like

Similarity RT (ms)

Match 788 (323)
Mismatch 708 (337)
Mismatch 675 (217)

S. DISCUSSION AND CONCLUSIONS

Three experiments did not reveal evidence of cross-
language phonological priming, from either L2 to
L1 (Experiment 1) or L1 to L2 (Experiments 2
and 3). This result is surprising, as previous studies
have observed competition and interference effects
between L1 andL2[1,4,9, 11, 14], as well as mono-
lingual phonological priming in similar contexts to
the current study [16].

Despite their relatively low number of partici-
pants, Experiments 2 and 3 had sufficient power to
observe effects of equivalent magnitude to identity
priming in monolingual contexts [16]. Indeed, ex-
amination of the condition means in Tables 3 and 4
suggest that there was not even a hint of a pattern to-
wards priming. Repeating our modeling on pooled
data from both of these experiments revealed the
same pattern of non-significant results.

An alternative explanation for these null results
might relate to the cost of language switching.
Specifically, each trial involved such a switch, as the
prime had to be processed in English and the target
in French. Language switching is cognitively costly
[12], and a prior study has reported a mean switch
cost of over 100 ms in picture-naming tasks [15].
This delay is larger than the usual size of phonolog-
ical priming effects [5, 13, 16], so it is possible that
the language switching simply ‘overwhelmed’ any
phonological priming effect. If this is the case, then
the phonological priming paradigm is ultimately in-
appropriate for answering questions of phonological
similarity between languages.

Future work could use a visual world paradigm,
following [1], where the non-target language is im-
plicitly rather than explicitly primed. Such an ap-
proach would avoid the possible issues of language
switching. However, it is not clear whether the vi-
sual world paradigm is sensitive enough to detect the
differences in magnitude of priming between, say,
peelp and piler versus pillg and piler. Further re-
search towards achieving this long-term objective is
clearly warranted.



6. ACKNOWLEDGEMENTS

We are grateful to Michel Dutat, Lorna Le Stanc,
Alexander Martin, and Auréliane Pajani for techni-
cal assistance, and Isabelle Brunet and Gerda Mel-
nik for assisting in the recruitment and running of
participants. We also acknowledge three anony-
mous reviewers who provided constructive feedback
on an earlier draft. This work was supported by
the Agence Nationale pour la Recherche (ANR-17-
EURE-0017, ANR-17-CE28-0007-01).

7. REFERENCES

[1] Blumenfeld, H. K., Marian, V. 2007. Constraints
on parallel activation in bilingual spoken language
processing: Examining proficiency and lexical sta-
tus using eye-tracking. Language and Cognitive
Processes 22(5), 633-660.

Chang, C. B. 2015. Determining cross-linguistic
phonological similarity between segments: The
primacy of abstract aspects of similarity. In: Raimy,
E., Cairns, C. E., (eds), The Segment in Phonetics
and Phonology. Chichester, UK: Wiley.

Cordier, F., Croizet, J.-C., Rigalleau, F. 2013. Com-
paring nouns and verbs in a lexical task. Journal of
Psycholinguistic Research 42(1), 21-35.

Costa, A., Caramazza, A., Sebastian-Galles, N.
2000. The cognate facilitation effect: implications
for models of lexical access. Journal of Experimen-
tal Psychology: Learning, Memory, and Cognition
26(5), 1283-1295.

Dufour, S. 2008. Phonological priming in au-
ditory word recognition: When both controlled
and automatic processes are responsible for the ef-
fects. Canadian Journal of Experimental Psychol-
ogy 62(1), 33-41.

Dufour, S., Frauenfelder, U. H. 2016. Inhibitory
phonetic priming: Where does the effect come
from? The Quarterly Journal of Experimental Psy-
chology 69(1), 180-196.

Gass, S. M., Selinker, L. 1983. Language Trans-
fer in Language Learning. Amsterdam: John Ben-
jamins.

Gor, K. 2018. Phonological priming and the role
of phonology in nonnative word recognition. Bilin-
gualism: Language and Cognition 21(3), 437-442.
Hoshino, N., Kroll, J. F. 2008. Cognate effects
in picture naming: Does cross-language activation
survive a change of script? Cognition 106(1), 501—
511.

Kauschke, C., Stenneken, P. 2008. Differences in
noun and verb processing in lexical decision cannot
be attributed to word form and morphological com-
plexity alone. Journal of Psycholinguistic Research
37(6), 443-452.

Marian, V., Spivey, M. 2003. Competing activa-
tion in bilingual language processing: Within-and
between-language competition. Bilingualism: Lan-
guage and Cognition 6(2), 97-115.

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

(10]

(1]

1371

[12] Meuter, R. F., Allport, A. 1999. Bilingual language
switching in naming: Asymmetrical costs of lan-
guage selection. Journal of Memory and Language
40(1), 25-40.

Radeau, M., Besson, M., Fonteneau, E., Castro,
S. L. 1998. Semantic, repetition and rime prim-
ing between spoken words: behavioral and electro-
physiological evidence. Biological Psychology 48,
183-204.

Schulpen, B., Dijkstra, T., Schriefers, H. J., Hasper,
M. 2003. Recognition of interlingual homophones
in bilingual auditory word recognition. Journal of
Experimental Psychology: Human Perception and
Performance 29(6), 1155.

Thomas, M. S., Allport, A. 2000. Language switch-
ing costs in bilingual visual word recognition. Jour-
nal of Memory and Language 43(1), 44—66.
Turnbull, R., Peperkamp, S. 2017. The asymmetric
contribution of consonants and vowels to phono-
logical similarity: Evidence from lexical priming.
The Mental Lexicon 12(3), 404—430.

Weber, A., Cutler, A. 2006. First-language phono-
tactics in second-language listening. Journal of the
Acoustical Society of America 119(1), 597-607.

[13]

[14]

[15]

[16]

(17]

! Subscript E and F denotes English and French words
respectively.

2 The complete set of all stimuli, and the four counterbal-
anced lists, is available at https://github.com/roryturnbull/
BilingualPhonologicalPrimingICPhS19.

3 A reviewer asks why we did not simply include this fac-
tor as a fixed effect in our models. A fixed effect would
only assess whether there was a strategic bias in aggre-
gate across all participants in a given experiment. Since
we did not expect a strategic bias, if present, to exist for
all participants, we instead looked for the presence of bias
in each participant individually.



	Table of Contents
	Thu 8th Aug 14:00, Room 216, Phonetic psycholinguistics: Cross-language
	Rory Turnbull; Sharon Peperkamp
	Across-language priming in bilinguals: Does English bet prime French bête?




