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Previous studies on bilingual visual word recognition have been mainly based
on European participants, while less is understood about Asian populations. In
this study, the recognition of German-English cognates and interlingual homo-
graphs in lexical decision tasks was examined in the two non-native languages
of Cantonese-English-German trilinguals. In the L2 English task, cognates were
reacted to faster and more accurately than their matched non-cognates, while
in the equivalent L3 German task, no cognate facilitation effect was found.
However, cognate facilitation effects on response time and accuracy were ob-
served in another L3 German task including cognates and interlingual homo-
graphs. The study suggests that Asian trilinguals access L2 and L3 in a language
non-selective manner, despite their low proficiency in the recently acquired L3.
Meanwhile, lexical processing in a non-proficient L3 is to a great extent affected
by multiple contextual factors.
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Introduction

Cognates and interlingual homographs (IHs) have received intense attention in
bilingualism research, the former having similar spellings and meanings (e.g.
German-English pair: Bier ‘beer’ — beer), and the latter having the same spelling
but different meanings (e.g. German-English pair: Tag ‘day’ - tag) in two languag-
es. One of the most fundamental questions is: when bilinguals see such a word
in one language, would they simultaneously activate its orthographically simi-
lar counterparts in another language? Although there are studies supporting the
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language-selective view that expects bilinguals to completely shut off one of their
two languages and be unaffected by the non-target language when processing cog-
nates and interlingual homographs (Caramazza & Brones, 1979; e.g. Scarborough,
Gerard, & Cortese, 1984), more studies suggest that bilinguals activate both of their
languages when seeing such words (e.g. Dijkstra & Van Heuven, 2002; Lemhofer &
Dijkstra, 2004; Peeters, Dijkstra, & Grainger, 2013; Poarch & Van Hell, 2012). The
processing of cognates and interlingual homographs is typically examined in lexi-
cal decision tasks (LDTs), which require bilinguals to judge whether a letter string
is a real word in one of their languages. Many studies found that bilinguals were
quicker and more accurate in processing L1-L2 cognates compared with non-
cognate control words, and this was referred to as the ‘cognate facilitation effect’
(Dijkstra, Grainger, & Van Heuven, 1999; Dijkstra & Van Heuven, 2002; Lemhofer
& Dijkstra, 2004; Peeters et al., 2013). In comparison, interlingual homographs
were often reacted to more slowly and less accurately than their matched monolin-
gual control words were (Dijkstra, Van Jaarsveld, & Ten Brinke, 1998; Van Heuven,
Schriefers, Dijkstra, & Hagoort, 2008), which was referred to as the ‘interlingual
homograph inhibition effect. These cognate and interlingual homograph effects
indicate that both readings of the cognates/interlingual homographs are at play
during word recognition and therefore bilinguals’ two languages are activated in
parallel. Meanwhile, it is noticed that cognate and interlingual homograph effects
are not always constant and their directions can be influenced by factors like lexical
frequency (Dijkstra et al., 1998; Peeters et al., 2013), the number of orthographic
neighbors (Van Heuven, Dijkstra, & Grainger, 1998), language proficiencies of
the bilinguals (Brenders, Van Hell, & Dijkstra, 2011; Kroll, Sumutka, & Schwartz,
2005; Poarch & Van Hell, 2012), stimulus composition (Dijkstra et al., 1999, 1998)
and task demands (Dijkstra, Miwa, Brummelhuis, Sappelli, & Baayen, 2010).

The recognition of cognates and interlingual homographs can be accounted
for by various theories of the bilingual lexicon. Psycholinguistic models generally
converge on a stage-by-stage lexical selection process that involves a lexical and a
conceptual level, no matter how many languages a person speaks (Levelt, Roelofs,
& Meyer, 1999). Different from the monolingual word recognition models, bilin-
gual models need to formulate the lexical representations from two languages.
In nearly all major bilingualism models, bilinguals’ two languages are linked in
various ways. For example, Kirsner, Lalor and Hird (1993) believe that words are
organized by morphology instead of languages, so both the English words marry,
marriage, and married and the French words marier and marriage will have one
shared morphological representation in the mind of English-French bilinguals
(Kirsner et al., 1993). Based on a series of visual word recognition experiments,
the well-cited Bilingual Interactive Activation (BIA) model (Dijkstra et al., 1998)
also organizes lexical items from two languages in an integrated lexicon. Lexical
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items in BIA are linked with excitatory and inhibitory connections at the feature,
letter, word, and language levels. The later BIA+ model incorporates semantics,
phonology and task schema (Dijkstra & Van Heuven, 2002) while maintaining the
assumption of an integrated lexicon.

Unlike bilingual studies, cognate recognition by trilinguals is examined only
by a small number of studies on European language speakers (Lemhofer, Dijkstra,
& Michel, 2004; Poarch & Van Hell, 2014; Szubko-Sitarek, 2011, 2015; Van Hell
& Dijkstra, 2002). For example, the study by Van Hell and Dijkstra (2002) found
that trilinguals who were proficient in all of their three languages showed a tri-
ple cognate facilitation effect when processing in their L1. In that study, Dutch -
English - French trilinguals performed a word association task and a lexical deci-
sion task in their L1, Dutch. In both tasks, subjects showed shorter RTs for L1-1L2
cognates than for non-cognate controls. At the same time, the trilinguals who were
highly proficient in their L3, French, were also faster in reacting to L1-L3 cognates
than to control words. Note that lexical processing of the L2 and L3 by trilin-
guals could be different from that of the L1 and L2 by bilinguals, as the L1 is sug-
gested to be qualitatively different from later acquired languages (Aparicio et al.,
2012; Aparicio & Lavaur, 2016). Aparicio and Lavaur (2016) conducted L2 and L3
LDTs on French-English-Spanish trilinguals using a masked priming translation
paradigm. They found translation priming effects in both LDTs, but only when
the prime belonged to participants’ dominant L1. Relatedly, the ERP recording
of French-English-Spanish trilinguals performing a semantic categorization task
found that L1 words generated earlier N400 peak amplitudes than L2 and L3 words
(Aparicio et al., 2012). Thus, due to the special status of the L1, the processing of a
native language and a non-native language (L1 and L2) can be different from that
of two non-native languages (L2 and L3). Therefore, findings in bilingual L1 and
L2 processing may not be applicable to trilingual L2 and L3 processing.

The influence of cognates can be from a native to a non-native language, and
vice versa. For example, influence from a native language to a non-native language
was observed in the L3 German LDT by Lemhofer, Dijkstra, and Michel (2004),
where Dutch - English - German trilinguals showed L1-L3 and L1-L2-L3 cog-
nate facilitation effects in L3 lexical processing. Similarly, Szubko-Sitarek (2011)
found that Polish-English-German unbalanced trilinguals, who were advanced in
L2 English and pre-intermediate/intermediate in L3 German, reacted faster to L1-
L2-L3 cognates than non-cognates in the L3 LDT, suggesting an influence from L1
to L3. Cognate effects from a non-native language to a native language were sup-
ported by Bice and Kroll (2015) on English-Spanish bilinguals. The study observed
reduced N400 effects for English-Spanish cognates during the L1 English LDT,
showing influences from L2 Spanish to L1 English. These findings supported mu-
tual interactions between languages in the mind of bilinguals and multilinguals.
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Until now, evidence for parallel activation of two languages has been mostly
gathered from studies on bilingual L1 and L2 processing (e.g. Brenders et al., 2011;
Caramazza & Brones, 1979; Dijkstra & Van Heuven, 2002; Kroll et al., 2005; Van
Heuven etal., 1998). As discussed earlier, the mental representation of two non-na-
tive languages might not be the same as that of a native and a non-native language.
However, the processing of two non-native languages per se did not receive due at-
tention in the past. Among the few studies that involved trilingual participants, the
topic of non-native language processing was just discussed briefly (e.g. Lemhofer
et al., 2004; Szubko-Sitarek, 2011; Van Hell & Dijkstra, 2002). Also, participants in
those studies were European trilinguals speaking typologically related languages.
There are large numbers of Asian trilinguals who speak typologically dissimilar
languages with unbalanced proficiencies. Little is known about the lexical process-
ing of non-native languages by these Asian trilinguals. Our study approaches this
issue by testing trilingual speakers with L1 Cantonese, L2 English and L3 German.
This group differs from the participants of previous studies because trilinguals in
this study were proficient in their L1 and L2 but not in their L3, while their typo-
logically similar L2 and L3 are substantially different from their L1. Will there be
extensive interactions between L2 and L3 lexicons because of typology, or very
limited interactions because of the larger proficiency disparity between the L2 and
L3 than between the L1 and L2/L3? An examination of these trilinguals will allow
us to extend the language selectivity discussion to a more diversified population.

This study examined the processing of L2-L3 cognates and interlingual ho-
mographs by comparing their response latency and accuracy with those of their
matched non-cognate and non-homograph controls in three lexical decision tasks.
Experiment 1 was an L2 English LDT with L2-L3 cognates as the critical stimuli.
The experiment was completed by a Cantonese-English-German trilingual group
as well as a Cantonese-English bilingual group. Since bilinguals had no L3 German
knowledge, they should not react to cognates and non-cognates differently in the
L2 task. Therefore, if cognate facilitation effects were found in the trilingual group
but not in the bilingual group, it should be due to the parallel activation of L2 and
L3 lexicons rather than the stimuli themselves. Having established cognate facili-
tation effects in L2 processing, the processing of cognates was explored again in
the L3 in two German LDTs, which were completed by trilinguals only. Cognates
were tested with different stimuli lists and on different trilingual participants in
two L3 tasks to ascertain whether there were any cognate effects in L3 processing.
Experiment 2 was a German equivalent of the first English experiment, examin-
ing the same cognate pairs as in the English task, while Experiment 3 tested an-
other set of cognates plus interlingual homographs. The reason for including both
types in Experiment 3 was to prevent a type II error, because in real life trilinguals
should encounter both cognates and interlingual homographs at the same time,
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and an earlier study found that interlingual homograph effects disappeared when
the stimuli list excluded cognates (Dijkstra et al., 1998). Finally, as cognate/inter-
lingual homograph processing was suggested by previous studies to be influenced
by cross-linguistic orthographic similarity of cognates (Dijkstra et al. 2010), lexi-
cal frequency (Dijkstra et al., 1998; Peeters et al., 2013) and language proficiency
(Brenders, Van Hell & Dijkstra, 2011), these factors were included in the data
analysis. The results will be discussed with reference to the BIA+ model (Dijkstra
& Van Heuven, 2002).

2. Experiment 1 - Cognates in an L2 English-only LDT

2.1 Methods

2.1.1  Participants

An L2 English LDT was administered to 21 Cantonese-English-German trilingual
participants (Female = 11, Male = 10, mean age = 22.3 years, range = 20-26) and
21 Cantonese-English bilingual controls (Female = 11, Male = 10, mean age = 21.6
years, range =20-27). Both groups of participants were native Cantonese-
speaking university students born and raised in Hong Kong, a bilingual society
where Cantonese is the dominant spoken language and English is widely used in
official documents, public signs, and as a language of instruction in schools. Thus,
most of the participants learned their L2 English as early as kindergarten and con-
tinued to be exposed to English often. Their mean age of L2 English acquisition
was 3.0 (SD = 0.92) years old and the average English test score was equivalent to
IELTS 6.9 (SD = 0.51, range = 5.5-8.0). Trilinguals and bilinguals did not differ
significantly in ages of L2 English acquisition, #(40) = -0.28, p =.783, d = —0.09,
or in their L2 proficiencies measured by IELTS scores, #(40) = —0.15, p = .883,
d = -0.05. The trilingual participants were additionally taking German VI courses
in The Chinese University of Hong Kong, the level of which was confirmed by their
native German teachers to be equivalent to A2-B1 (beginning to intermediate) in
the Common European Framework. L3 proficiency was not objectively measured
in scores as the trilinguals had not taken any public examinations on German pro-
ficiencies, but their L3 German was weaker than their L2 English due to the lack
of immersion experience and the limited length of studying and exposure. The tri-
linguals had learned German for six courses through bi-weekly, 1.5-hour language
lessons. They reported themselves to have spent an average of only 0.52 hours
outside the classroom on L3-related activities such as reading German newspa-
pers or watching German television. Table 1 shows the self-reported ratings of
language proficiencies on a seven-point Likert scale (1 = very low, 7 = perfect) for
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reading, speaking, comprehension and writing skills. L2 scores were around five
and the L1 scores were around six to seven, showing that participants were quite
confident about their bilingual ability, while the trilinguals gave relatively lower
scores to their L3, indicating that they perceived their L3 as the weakest language.
All participants had normal or corrected-to-normal vision.

Table 1. Means (and standard deviations) of proficiency ratings by participants in
Experiment 1 on a seven-point scale (1 = very low, 7 = perfect)

Group Language Speaking Comprehension  Reading Writing

Trilingual LI Cantonese  6.27 (0.77)  6.80 (0.40) 6.53(0.62)  6.00(1.41)
L2 English 5.05(1.13)  5.76 (0.81) 5.61(0.84)  4.80(0.91)
L3 German 3.23(1.34)  3.47(0.85) 3.80(0.95)  3.19(0.91)

Bilingual L1 Cantonese  6.12 (0.56)  6.91 (0.87) 6.54 (0.73)  6.01(0.99)
L2 English 5.00 (0.81)  5.69 (0.72) 5.30(0.98)  4.68 (0.78)

2.1.2  Materials

The test items consisted of 70 real English words (35 English-German cognates
and 35 non- cognate controls) and 70 pseudo English letter strings. The English-
German cognates in this study also included both identical cognates (e.g. region -
Region ‘region’) and non-identical cognates (e.g. product — Produkt ‘product’). The
non-identical cognates were presented in English orthography. For example, in
the English-German cognate pair product - Produkt, only product was used in
this task. Thus, all cognates in this experiment were real English words that re-
quired positive responses. The non-cognate controls were ‘pure English words’
which differed obviously from their German translation equivalences in orthog-
raphy. Levenshtein Distance (LD) was used to quantify the difference between
two character strings (Levenshtein, 1966). The larger the LD, the more different
the two strings will be. LD could be understood as the minimal number of in-
sertions, deletions or substitutions required to change one word into the other.
For instance, the LD between Produkt and product is one, as the word product
could be derived from Produkt by changing one letter (from k to ¢). We calculated
the LD between English-German cognate pairs, as well as between non-cognate
stimuli and their German translation equivalents. T-tests showed that the LDs
of cognates (M = 0.66, SD = 0.80) were significantly smaller than those of non-
cognate control words (M = 5.54, SD = 2.39) in this experiment, #(68) = —10.43,
p<.001, d=-12.49, demonstrating that the cognate stimuli exhibited higher
degrees of cross-linguistic overlap than non-cognate controls. Frequency values,
word lengths, and orthographic neighbor counts were retrieved from N-Watch
(Davis, 2005). Non-cognates and cognates were matched on a one-to-one basis in
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terms of the number of letters, lexical frequency and the number of orthographic
neighbors. For instance, the cognate gold (4 letters, 9 neighbors, 87.99 per million
words) was matched with the non-cognate rise (4 letters, 9 neighbors, 85.03 per
million words). Paired t-tests revealed no significant differences between cognates
and non-cognates on lexical frequency, #(34) = 0.15, p = .88, d = 0.04, or number
of orthographic neighbors, #(34) = 1.45, p = .15, d = 0.35, and non-cognates had
exactly the same word length as cognates. As a stimulus check, reaction times doc-
umented in the English Lexicon Project (Balota et al., 2007) for the stimuli were
retrieved, and paired t-tests did not show significant differences between the those
of cognates (M = 630 ms) and of non-cognates (M = 611 ms), #(34) = 1.77, p = .09,
d = 0.41. The non-words were pseudo English words that were created by chang-
ing one or two letters of real English words. Each pseudo word was matched with
each real word in length. A summary of stimuli parameters is provided in Table 2.

Table 2. Mean frequencies (per million), mean numbers of orthographic neighbors, and
mean numbers of letters of stimuli used in three LDT experiments

Word type Frequency No. of neighbors No. of letters
Expl  Cognate 31531 (722.11)  2.60 (3.37) 5.60 (1.60)
Non-cognate controls 336.96 (815.43) 2.94 (3.52) 5.60 (1.60)
Pseudo English 5.60 (1.60)
Exp2  Cognate 357.25(981.82)  3.23(3.38) 5.66 (1.62)
Non-cognate controls 354.87 (969.67) 3.60(3.11) 5.63 (1.56)
Pseudo German 5.62 (1.55)
Exp3 Cognate 141.10 (275.87) 5.06 (5.06) 5.06 (1.25)
Non-cognate controls 149.17 (302.65) 5.31 (5.03) 5.06 (1.25)
H 228.85 (435.60)  9.34 (4.52) 4.06 (0.84)
Non-IH controls 209.78 (352.47) 8.56 (3.70) 5.06 (0.84)
Pseudo German 4.53(1.17)

2.1.3 Procedure

After consenting procedures, participants were seated comfortably about 60 cm
from a computer screen. The letter strings were presented in 18-point Arial letters
in white against a black background in pseudo-random order using E-prime 2.0
software (Psychology Software Tools, Pittsburgh, PA). All letters were in uppercase
to avoid the unwanted influence of orthography in the upcoming German tasks,
as German capitalizes every noun while English does not. Participants were firstly
presented with written instructions in English asking them to judge whether the
letter string they saw was a real English word by pressing Z and M buttons with
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their left and right index fingers as quickly and as accurately as possible. The Z
and M buttons for positive and negative responses were counterbalanced across
participants to rule out the handedness factor. In each experiment, trials were pre-
ceded by a practice block of five items and an accuracy of 80% in the practice block
was required to proceed to the main task.

Each trial was preceded by a fixation cross in the center of the screen for 800 ms
followed by a blank screen for 300 ms and then the target letter string, which was
presented for maximally 5000 ms or until participants gave a response. Then there
was another blank screen for 300 ms after which the next trial began. Participants
completed Experiment 1 (140 trials) plus Experiment 3 (136 trials), with a break
between the experiments. After completion, participants filled in a language back-
ground questionnaire and received a nominal payment for participation.

2.2 Results

Out of the raw dataset, trials with RTs shorter than 200 ms or longer than two and
a half standard deviations above the participant’s mean were considered as outliers
and were excluded from the analyses. This resulted in deletion of 0.4% of cognates,
3.1% of non-cognates and 4.9% of pseudo English words for the trilingual data,
and 0.5% of cognates, 1.4% of non-cognates and 3.7% of pseudo English words
for the bilingual control data. Cognates and non-cognates were deleted pairwise
because the matching was done one by one. One non-cognate item (i.e. comfort)
and its corresponding cognate (i.e. product) were deleted from analysis because
the non-cognate was later discovered to be ill-designed. The analysis also excluded

Table 3. Reaction times (ms) and error rates (%) for tested stimuli in three experiments

Cognate Non-cognate IH Non-IH
control control
RT Error RT Error RT Error RT Error
L2 English (Exp 1)
— Trilingual 683 0.7 746 34 - - - -
(95) 1.7) (131) (7.5)
- Bilingual 745 53 720 53 - - - -
(178)  (6.6) (178) (6.1)
L3 German (Exp 2) 947 189 932 9.3 - - - -
(453) (15.7) (453) (12.2)
L3 German (Exp 3) 914 7.9 1057 19.8 965 13.0 932 15.8
(337) (10.9) (441) (11.3)  (411) (10.9) (398) (13.9)

Note. Reaction times (RTs) were in milliseconds. Error rates were in percentages. Standard deviations were

in parentheses.
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one participant and two pairs of cognate — non-cognate items (i.e. wolf - trim and
semester — specimen) with an overall accuracy of 50% or below. Analyses of vari-
ances were performed on the reaction times (RTs) of correct responses in partici-
pant analysis (F1) and item analysis (F2). All RT analyses were performed on the
raw reaction times and logarithmic (log) reaction times. As the two types of analy-
ses did not yield different results, only log-transformed RT statistics are reported
(the same applies to all three experiments). Logistic regressions were performed
on error analyses. The means and standard deviations of RTs and error rates of all
tested stimuli types are summarized in Table 3.

2.21 RTs

As the LDT was about L2 English and L3 German, cognate effects were expect-
ed in the trilingual group but not in the bilingual control group. Figure 1 shows
mean RTs for cognates and non-cognates of the trilingual group and bilingual
control group. Overall, the mean RTs to real English and pseudo English words
were 716 ms and 994 ms for trilingual group, and 732 ms and 956 ms for bilingual
control group. Trilinguals reacted faster to cognates (M = 683 ms) than to non-
cognates (M = 746 ms), corresponding to a cognate facilitation effect on response
latency. By comparison, the difference between RTs to cognates (M = 745 ms) and
to non-cognates (M = 720 ms) was smaller in the bilingual control group.

In the by-subject analysis (F,), an analysis of variances was conducted on
each subject’s mean RTs of the correct responses with Cognate Status (cognate
vs. non-cognate) as the within-subject factor, and Group (trilingual vs. bilin-
gual) as the between-subject factor. In the by-item analysis (F,), an analysis of
variances was conducted on each item’s mean RTs of the correct responses with
Cognate Status (cognate vs. non-cognate) as the between-item factor due to item-
by-item matching, and Group (trilingual vs. bilingual) as the within-item factor.
There was a significant main effect of Cognate Status on RT, F,(1,39)=11.71,
p=.001, 7> =.02; F(1, 64) = 3.32, p = .07, 5> = .03, and a Cognate Status x Group
interaction effect on RT, F|(1,39)=11.30, p<.001, n* =.02; F, (1, 64) = 4.83,
p <.05, n* = .01. The effect of Group on RT was marginal, F,(1, 39) = 2.91, p = .07,
n*=.07; F,(1,64) =3.21, p=.08, n*=.005. Post-hoc pairwise comparison was
done with the R package ‘Ismeans’ using the Tukey method (Lenth Russell V.,
2016). Overall, cognates were reacted to faster than non-cognates, p(F,) =.001,
p(F,) = .07. In particular, trilinguals responded faster to cognates than non-cog-
nates, p(F,) <.001, p(F,) = .07, whereas bilingual controls’ RTs did not differ be-
tween cognates and non-cognates, p(F,) = .99, p(F,) = .78. Meanwhile, the RTs to
cognates were shorter in the trilingual group than in the bilingual control group,
p(F)) = .06, p(F,) = .03, while RTs to non-cognate controls did not show a group
difference, p(F)) =.77, p(F,) =.99. As predicted, in the L2 English-only task,
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trilinguals reacted faster to English-German cognates, while bilingual controls did
not, given that bilinguals had no knowledge of German.

2.2.2  Error rates
Figure 1 shows the average cognate and non-cognate error rates of participants’
in the trilingual group and the bilingual control group. Data analyses were per-
formed on all responses participants gave in the LDT. The mean error rate to real
English and pseudo English words was 2.0% and 15.0% for trilinguals, and 0.5%
and 12.7% for bilinguals. Trilinguals” error rates on cognates (0.7%) were lower
than non-cognates (3.4%), while bilingual controls’ error rates on cognates (5.3%)
and non-cognates (5.2%) did not differ significantly.

A binomial logistic regression model was built on Error (wrong vs. correct)
with Cognate Status (cognate vs. non-cognate) and Group (trilingual vs. bilin-
gual). Group x Cognate Status interaction was included to validate the stimuli. The
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Figure 1. Comparison between bilinguals’ and trilinguals’ reaction times (RTs) and error
rates in Experiment 1
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model was significant [y*(3) = 44.49, p < .001, RL2 =0.05, Rc52 =0.02, RN2 =0.05].
It showed a significant cognate facilitation effect on error rates for the trilingual
group, in that trilinguals were 6.21 times more likely to make errors on non-cog-
nates than on cognates (f§ = 1.82, SE = 0.48, z = 3.76, p < .001). In comparison, the
bilingual control group did not show significant differences in the odds of making
errors on cognates and on non-cognates (f§=0.39, SE = 0.23, z=1.65, p =.09),
which was as expected since the bilinguals had no knowledge of German. This
confirmed that the cognate facilitation effect in the trilingual group was not due to
internal characteristics of the words tested in the task.

2.3 Discussion

Experiment 1 replicated the typical cognate facilitation effect in the two non-
native languages of trilinguals. For the trilingual participants, English-German
cognates were responded to faster and more accurately than non-cognate control
words. Since cognate effects were absent from the bilingual controls, the facilita-
tion effects in trilinguals should not be caused by inherent properties of stimulus
words. Therefore, this L2-1L3 cognate advantage manifested a parallel activation of
the non-target L3 and the target L2, which was what a language non-selective ac-
cess view would predict. Although the participants were L2 English speakers who
acquired English in early childhood and used English frequently, their L2 English
lexical processing could still be influenced by the L3 German that was incomplete-
ly acquired in adulthood. This pattern of a lately acquired language influencing an
early acquired language corroborates the bilingual study by Bice and Kroll (2015),
where the lately acquired L2 was observed to impact bilinguals’ early acquired L1.

The result of L2 processing being affected by L3 leads to the next question: is
the reverse also true? In order to answer this question, the L2 English LDT was
translated into L3 German in Experiment 2 and was tested on another group of
Cantonese-English-German trilingual participants.

3. Experiment 2 - Cognates in an L3 German-only LDT

3.1 Methods

3.1.1  Participants

Participants of the German LDT were 20 trilinguals (Female = 10, Male = 10,
mean age = 22.8 years, range = 21-27) with the same language background as the
trilinguals in Experiment 1. Participants of Experiment 1 and 2 were different in-
dividuals to minimize confounds of practice effects, as the first two experiments
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were nearly identical except for the conducting language. The mean age of L2
English acquisition was 3.6 years old (SD = 0.59) and the average IELTS score was
6.85 (SD = 0.58, range = 6.0-7.5). They did not differ significantly from partici-
pants in Experiment 1 in ages of L2 English acquisition, #(38.45) = 1.11, p = .27,
d =0.35, or in IELTS scores, £(39) = —0.46, p = .65, d = —0.15. They also came from
the German VT course, with similar L3 learning experiences and proficiencies as
participants of Experiment 1. On average, 0.61 hours were spent each week on
extra-curricular German-related activities by this group. Their self-rated language
proficiencies are shown in Table 4. Participants of Experiment 1 and 2 did not dif-
fer in L2 proficiency ratings of speaking, #(39) = —0.01, p = .99, d = 0.002, compre-
hension, #(39) = -0.01, p = .91, d = 0.03, reading, #(39) = -0.01, p =.92, d = 0.03,
or writing, #(39) = -0.03, p = .98, d = 0.01, nor in L3 proficiency ratings of speak-
ing, t(39) = 0.25, p = .81, d = 0.08, comprehension, #(39) = —0.68, p = .49, d = 0.21,
reading, #(39) = —0.011, p = .91, d = 0.06, or writing, #(39) = 0.20, p = .85, d = 0.04.

Table 4. Means (and standard deviations) of proficiency ratings by participants in
Experiment 2 on a seven-point scale (1 = very low, 7 = perfect)

Speaking Comprehension Reading Writing
L1 Cantonese 6.25 (0.74) 6.79 (0.54) 6.55 (0.62) 6.01 (0.92)
L2 English 5.05 (1.12) 5.80 (1.32) 5.65 (1.01) 4.80 (0.98)
L3 German 3.15 (0.79) 3.65 (0.73) 3.75 (0.94) 3.15 (1.24)

3..2  Materials and procedures

The stimuli list in this experiment contained 35 German-English cognates, 35
non-cognate control words and 70 pseudo German letter strings. Cognates came
from the pairs tested in Experiment 1. The difference was that the first experiment
presented English members of the cognate pairs, while the second one presented
German members of the pairs. Higher degrees of cross-linguistic overlap were ex-
hibited by cognates than by non-cognates, as the Levenshtein Distances of cognates
(M =0.66, SD = 0.80) were significantly lower than those of controls (M = 5.65,
SD =2.09), t(39.60) =10.43, p <.001, d =2.49. Pseudo words were derived by
changing one or two letters of real German words. The L3 words were confirmed
as learned vocabulary for German VI students by two native German teachers
who taught the participants. Also, the participants did not report having encoun-
tered unfamiliar German vocabulary in the post-experiment interview. Numbers
of letters, frequency values, and numbers of orthographic neighbors counts were
retrieved from the CLEARPOND corpus (Marian, Bartolotti, Chabal, & Shook,
2012). The same matching method in Experiment 1 was used here for German-
English cognates, non-cognate controls and pseudo German words (Table 2). The
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procedure was the same as that in Experiment 1 except that there was no control
group or group comparison. As in Experiment 1, all letters were capitalized. None
of the stimuli used in Experiment 2 contained special German letters that might
give orthographic cues to participants. There were a total of 140 trials.

3.2 Results

Similar to the first experiment, outliers with RTs shorter than 200 ms or lon-
ger than two and a half standard deviations above the participant’s mean were
trimmed, which constituted 2.2% of cognates, 3.1% of non-cognates and 6.6% of
pseudo words. Two participants and one pair of cognate — non-cognate items (i.e.
Plan ‘plan’ - Zehn ‘ten’) with error rates equal to or higher than 50% were excluded
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Figure 2. Comparison of reaction times (RTs) and error rates between cognates and non-
cognates in Experiment 2
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from analyses. Each participant’s mean RTs of correct responses on cognates and
non-cognates were calculated, and then compared by a two-tailed t-test. Error
data were analyzed by a binomial logistic regression analysis as errors were cat-
egorical in nature. RTs and error rates of cognates and non-cognates were shown
in Table 3 and Figure 2.

3.21 RTs

The mean RTs to real German and pseudo German words were 966 ms and
1265 ms. The difference between RTs to cognates (M =947 ms) and RTs to
non-cognate control words (M =932 ms) did not reach statistical significance,
t(17) = 1.05, p = .31, d = 0.24.

3.2.2 Error rates

The mean error rates to real German and pseudo German words were 11.0% and
21.2%. Cognates had higher error rates (19.4%) than non-cognates (9.3%). The
binomial logistic regression model [y*(1) = 20.44, p < .001, R * = 0.04, Rc32 =0.03,
RN2 =0.06] on Error (wrong vs. correct) with Cognate Status (cognate vs. non-
cognate) as the factor suggested that trilinguals were 2.34 times more likely to
make mistakes on cognates than on non-cognates (f§ = 0.85, SE = 0.19, z = 4.39,
p <.001). In other words, cognates elicited more incorrect responses in the
German LDT than non-cognates did, which was contrary to the prediction from
the bilingualism literature.

3.2.3 Post hoc analyses
Since there seemed to be a counterintuitive cognate inhibition effect, further ex-
ploration into stimuli design was sought in order to understand such a result. It
was noticed that among the cognates in Experiment 2, 14 of them were identical
cognates sharing the same spelling in German and English, while 16 of them were
non-identical cognates that differed in one or two letters in the two languages.
As identical and non-identical cognates might show different patterns in LDTs
(Dijkstra et al., 2010), this orthographic factor was assessed in a post hoc analysis.
The mean error rate was 26.1% (SD = 0.26) for identical cognates and was
10.3% (SD =0.22) for non-identical cognates. The mean error rate was 9.54%
(SD =0.08)) for non-cognates that were paired with identical cognates, and was
8.95% (SD = 0.82) for non-cognates paired with non-identical cognates. Logistic
regressions were performed on Error (wrong vs. correct) with Cognate Status
(cognate vs. non-cognate), Cognate Type (identical vs. non-identical) as factors.
The model that included both factors and their interaction [y*(3) = 38.24, p <.001,
R,?=0.04, R.>=0.04, R,?=0.06] revealed a significant interaction effect of
Cognate Type x Cognate Status on Error, f§=1.10, SE = 0.34, z=3.18, p = .001,
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but no significant effect of Cognate Status or Cognate Type, p = .63. The mod-
el that excluded the interaction [y*(2) =27.92, p <.001, R,?=0.03, R.{* = 0.03,
R,? = 0.04] found significant main effects of Cognate Status (8 = 0.53, SE=0.17,
z=3.17, p<.01) and Cognate Type (f=0.68, SE =0.17, z=4.03, p <.001) on
Error. The likelihood ratio test suggested that the removal of the interaction terms
significantly reduced model fit, y*(1) = 11.18, p = .001, so the first model with in-
teraction gave a better account for the data. Results from the first model indi-
cated that the cognate effect on error rate data in Experiment 2 was confounded
by whether the cognate had identical or non-identical orthographies in German
and English. Then, two logistic regressions on Error with Cognate Status were run
separately for identical and non-identical cognate items. Results showed that iden-
tical cognates had significantly more errors than their matched non-cognate con-
trols, § = 0.98, SE = 0.22, z = 4.03, p < .001, while non-identical cognates and their
matched non-cognate controls did not differ significantly in error rates, § = —0.12,
SE =0.26, z = —-0.48, p = .06. Although the pattern was still inconsistent with the
assumption that cognates should be responded to more accurately, it supported
our speculation that identical and non-identical cognates were reacted to differ-
ently in the task.

3.3 Discussion

Contrary to our prediction, the L3 task did not find a cognate facilitation effect.
Firstly, no cognate facilitation effect was observed in RTs. Participants reacted to
cognates and non-cognates with similar latencies. Secondly, there was an uncon-
ventional cognate inhibition effect on error rates. Further analysis revealed that
this inhibition effect was only present in identical cognates.

The question that ensued was why there was an inhibition effect on identical
cognates. Is it possible that the participants were not proficient enough in L3, so
they got confused because those identical cognates were real words in both the tar-
get language (German) and the non-target language (English)? For example, when
participants saw an identical cognate Hand, they were supposed to give a positive
response because it is a real German word. However, since Hand is also an English
word, the most unbalanced participants who were not proficient in German would
have probably first recognized it as an English word due to their higher English
proficiency, after which they realized that it should also be a German word as
well. They would need to suppress the English reading to give the correct answer,
so they might have made more errors on identical cognates like Hand due to the
cognitively demanding task of inhibiting a non-target language. In fact, this was
what participants should do in a language decision task, rather than in a lexi-
cal decision task. A language decision task asks participants to decide whether
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a word is in language A or language B, and cognate inhibition is the expected
result of language decision tasks (Dijkstra et al., 2010). Turning to learners with
more balanced L2 and L3 proficiencies, the word Hand should have immediately
activated their German lexicon and there would be no need to suppress an ear-
lier activated non-target language. Thus, our hypothesis was that less proficient L3
learners would show a stronger cognate inhibition effect because of the ambiguity
of language membership of identical cognates.

In order to test this hypothesis, the participants should be divided into two
proficiency groups to begin with, but the proficiency factor could not be examined
because the participants all came from the same proficiency level with almost the
same L3 learning experience. Initially, we tried to use the L3 self-reported profi-
ciency scores as proficiency measurements, but none of them showed any sensible
correlation with the experiment results. Also, as participants’ self-ratings were
similar to each other, these scores might not precisely reflect the proficiency varia-
tion within the trilingual group. Then, we took an alternative by considering those
who did well (measured by accuracy in Experiment 2) in the LDT as high perform-
ers, based on the premise that higher performance should go hand in hand with
higher language abilities, and this generalization could be drawn from the fact that
participants performed better in equivalent LDTs conducted in their more profi-
cient L2 (Experiment 1) than in their less proficient L3 (Experiment 2). Thus, par-
ticipants’ accuracies in correctly identifying pseudo words in Experiment 2 were
used as landmarks for performance, in that higher accuracies indicated higher
performances. The cognate inhibition effect (CIE) on the accuracy of each par-
ticipant was obtained by subtracting the non-cognate error rate from the cognate
error rate of that person. The higher the CIE, the stronger cognate inhibition ef-
fect a participant exhibited. As shown in Figure 3 and by the Pearson correlation
test, there was a strong and significant negative correlation between CIE and par-
ticipants’ accuracies on identifying pseudo words, r = —0.94, p <.001. This pat-
tern indicated that low performers exhibited larger cognate inhibition effects than
high performers. Since cognate inhibition only applied to identical cognates, this
result indicated that low performers were influenced by identical cognates from
the non-target language, as hypothesized earlier. The difference between low and
high performers in LDTs was also evidenced in the bilingual study by Brenders
and colleagues (2011), where the beginning L2 learners, but not the proficient bi-
linguals, showed a cognate inhibition effect on RT. Therefore, it was suggested that
the low-proficiency participants were likely to be confused by the lexical ambigu-
ity in identical cognates.

Experiment 2 did not find a cognate facilitation effect for the L3 German task,
and this was contrary to predictions based on the bilingual literature. Our analyses
suggested that there might be confusion among participants which resulted in this
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pattern. To consolidate cognate effects (or lack thereof) in the L3, German-English
cognates were tested again in another L3 LDT with a different stimuli composition
in Experiment 3.

0.4

03

0.2

0.1

Cognate inhibition effect (CIE)
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Each participant’s accuracy on pseudo words

Figure 3. Correlation between the cognate inhibition effect and the overall performance
of each participant

4. Experiment 3 - Cognates and interlingual homographs in an L3
German-only LDT

4.1 Methods

Trilingual participants of Experiment 1 and Experiment 2 took part in
Experiment 3, resulting in 41 participants (Female =21, Male =20, mean
age = 22.7 years, range = 20-27). The stimuli contained a new set of 16 German-
English cognates matched with 16 non-cognate control words, 18 German-English
interlingual homographs matched with 18 non-interlingual homograph controls,
as well as 68 pseudo German words. Non-cognates were designed the same way
as in Experiment 2, and the Levenshtein Distances of non-cognates (M = 5.06,
SD = 1.08) were significantly higher than that of cognates (M = 1.00, SD = 0.86),
1(43.72) = 13.16, p < .001, d = 3.15. Cognates in Experiment 3 and Experiment 2
did not differ significantly in lexical frequencies, #(49) = 0.85, p = .40, d = 0.26.
Interlingual homographs could be found in both German and English vocabulary,
while the non-interlingual homographs were German word forms non-existent in
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English vocabulary. Frequency values, word lengths, and orthographic neighbor
counts were retrieved from CLEARPOND (Marian et al., 2012). The matching of
stimuli (see Table 2) and experimental procedures were the same as the first two
experiments and there were a total of 136 trials.

4.2 Results

The same 50% cut-oft threshold was applied to trials in Experiment 3, resulting
in a rejection of data from four participants, one interlingual homograph - non-
homograph pair (Herd ‘stove’ — Tuch ‘scarf’), and one cognate — non-cognate pair
(Tag ‘day’ - zur t0’). Outliers included 3.0% of cognates, 1.9% of non-cognates,
2.2% of interlingual homographs, 1.9% of non-interlingual homographs, and 4.3%
of pseudo German words. T-tests and logistic regressions were applied to examine
RT and error data. The RT and error rates are shown in Table 3 and Figure 4.

4.21 RTs

The mean RTs to real German and pseudo German words were 967 ms and 1129 ms.
In contrast to Experiment 2, cognates (M = 914 ms) were responded to faster than
non-cognate words were (M = 1057 ms), exhibiting a cognate facilitation effect of
143 ms, #(36) = 6.06, p < .001, d = 0.9. The mean RTs to interlingual homographs
(M =965 ms) and non-interlingual homographs (M = 932 ms) did not amount to
a significant interlingual homograph effect, #(36) = -7.14, p = .47, d = 0.12.

4.2.2 Error rates

The mean error rates to real German and pseudo German words were 14.1%
and 16.9%. The mean error rates to cognates and non-cognates were 7.9% and
19.8%, and to interlingual homographs and non-interlingual homographs were
13.0% and 15.8%. Binomial logistic regression [y*(1) = 41.28, p <.001, R,? = 0.04,
Rcsz =0.03, RN2 = 0.06] on Error (wrong vs. correct) with Cognate Status (cognate
vs. non-cognate) as the factor suggested that the odds of errors on cognates were
76.44% lower than that of cognates (f§=-1.09, SE=0.18, z=-6.13, p <.001),
so cognates were responded to with higher accuracy. Error rates for interlingual
homographs and non-interlingual homographs were 17.4% and 15.1%, respec-
tively. The binomial logistic regression model on Error (wrong vs. correct) with
Interlingual Homograph Status (interlingual homograph vs. non-interlingual ho-
mograph) as predictor was not significant [y*(1) = 0.09, p = .76, RLZ =0, RCS2 =0,
R,/ = 0], suggesting that interlingual homographs and non-interlingual homo-
graphs did not differ significantly in error rates.
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4.3 Discussion

In the second L3 task testing on both cognates and interlingual homograph, cog-
nates were responded to faster and more accurately than non-cognates words
were, but interlingual homographs and non-interlingual homographs did not dif-
fer significantly in either RTs or error rates. Note that interlingual homographs
were homographic forms which may have different frequency values in the L2
and L3, and the relative frequency of the two readings has been suggested to af-
fect the processing of IHs (Dijkstra et al., 1998). However, the relative frequency
factor could not be addressed in this study because the majority of interlingual
homograph stimuli used did not have discrepant frequencies in the two languages.
90% of IHs in the experiment had L2 and L3 readings that were either frequent
or infrequent. Excluding such words, the remainder did not allow for statistical
tests because of the relatively small data set. Nevertheless, we did observe that
interlingual homographs with high-frequency reading in the non-target language
appeared to be difficult for participants. For examples, interlingual homographs
like Ton with low frequency in the target L3 and high frequency in the non-target
L2 had a high mean RT of 1053 ms, which was well above the 965 ms mean RT of
all interlingual homographs.

5. General discussion

In the LDTs we tested the processing of cognates and interlingual homographs in
L2 and L3 on a group of beginning-to-intermediate L3 German learners speaking
English as their L2. In Experiment 1, German-English cognates were reacted to
significantly faster and more accurately than pure English control words were in
the L2 English task. By comparison, the bilingual control group did not show any
cognate effect in the same L2 task. In Experiment 2, the German version of the first
experiment, no cognate effect was found. In Experiment 3, another German LDT
integrating both cognates and interlingual homographs, the German-English cog-
nates were responded to faster and with fewer errors than German non-cognates
were, while interlingual homographs and their matched non-interlingual homo-
graph controls did not differ significantly in either response latency or accuracy.
Cognate facilitation effects on RT and error rate data in Experiments 1 and 3
lend support to a language non-selective approach to trilingual L2 and L3 process-
ing. Bilingualism literature has provided at least two explanations for the cognate
facilitation effect. The cumulative frequency approach assumes that identical cog-
nates in two languages share a single mental representation, and that cognates
are more easily processed because bilinguals encounter cognates more often than
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other words in one language (De Groot & Nas, 1991; Sanchez-Casas, Davis, &
Garcia-Albea, 1992). Another viewpoint, taken by the BIA+ model (Dijkstra &
Van Heuven, 2002), believes that cognates activate the same semantics and the
meaning overlap facilitates language processing (Van Hell & De Groot, 1998). This
approach takes both identical and non-identical cognates into consideration and
predicts that partial orthographic overlap will also send activation to the seman-
tics. The second approach is more applicable to the present study because we did
not intentionally use only identical cognates in the stimuli, and an overall cognate
facilitation effect was found in Experiments 1 and 3 which included both types of
cognates. During the processing of L2-L3 cognates, the partial or full orthograph-
ic overlap activates the shared semantics in both the target and the non-target
languages from bottom-up, and the activation of semantics accelerates processing
speed and enhances processing accuracy.

Language dominance influences the processing of L2-L3 cognates, but in a
way that is different from the generalizations in previous behavioral studies. The
cognate facilitation effect is commonly thought to be stronger in tasks conducted
in a non-dominant language than in a dominant language (Lemhofer & Dijkstra,
2004; Poarch & Van Hell, 2012, 2014). During the processing of a non-dominant
language, the dominant language is likely to remain active and spread activation
to the non-dominant language. Thus, a stronger language is more likely to influ-
ence a weaker language than in the opposite direction (Kroll et al., 2005). It is pro-
posed by Van Hell and Dijkstra (2002) that a high proficiency level is required for
a weaker language to have significant effects on a stronger language. However, the
L2 LDT in Experiment 1 demonstrates that a much weaker L3 could also influence
a stronger L2. In fact, under certain circumstances, it possible for even a limited
foreign language experience to influence cross-linguistic activation patterns (Van
Hell & Poarch, 2014). At the time of the study, participants were still learning the
L3 in classroom settings in order to pass exams, so their memory of the L3 could be
fresh and strong enough to influence a proficient L2. Despite the lack of behavioral
data supporting backward influence from a weak language to a strong one, recent
ERP studies showed the effects of an L2 on an L1 in cognate processing (e.g. Bice
& Kroll, 2015; Midgley, Holcomb, & Grainger, 2011). In particular, Bice and Kroll
(2015) suggested that L2 learners’ stronger L1 was influenced by the weaker L2
even at early learning stages. This bilingual pattern is consistent with the current
study in which trilinguals’ stronger L2 was affected by their weaker L3 in the L2-
only task. Apart from this, selecting L2 and L3 lexical items and selecting L1 and L2
lexical items in LDTs are not exactly the same, and therefore phenomena common
to bilinguals might not be found in trilinguals. Firstly, trilinguals’ L2 may not be as
highly activated or deeply entrenched as bilinguals’ L1 and thus be more vulner-
able to cross-linguistic influence from another language. Also, there could be an
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‘L2 status’ factor (Williams & Hammarberg, 1998) playing a role, in that trilinguals
categorize L2 and L3 as their ‘non-native languages’ and thus are more likely to
exhibit transfers between L2 and L3. Additionally, as English and German are ty-
pologically more similar than Cantonese and English or Cantonese and German,
mutual influences could happen extensively in these two non-native languages.
These factors all contribute to a backward influence from a weak L3 to a strong L2.

Interestingly, a cognate facilitation effect was observed in the second German
LDT (Experiment 3) but not in the first German LDT (Experiment 2). Several
explanations were explored. One possibility is that the inclusion of interlingual ho-
mographs in Experiment 3 improved participants’ performance on cognates, but
this is unlikely because recent studies found the opposite pattern. For instance, the
mixing of cognates and interlingual homographs resulted in inhibition effects of
cognates in Dutch-English bilingual children (Brenders et al., 2011). Also, studies
on Dutch-English bilingual adults showed that the presence of real Dutch words
in English LDTs cancelled out the canonical cognate facilitation effect (Poort &
Rodd, 2017; Poort, Warren, & Rodd, 2016). Since interlingual homographs are
real words in the non-target language, they could remind participants of the two
interpretations of cognates and cause participants’ confusion in figuring out a cor-
rect response. Thus, the inclusion of interlingual homographs should reduce, in-
stead of enhance, the cognate facilitation effect, which is contrary to the results
in Experiment 3.

Another possibility is a practice effect, for 20 out of the 37 participants in
Experiment 3 had previously completed Experiment 2, as both were L3 lexical
decision tasks. However, the t-test showed that participants who previously took
Experiment 2 did not have significantly shorter RTs than those previously took
Experiment 1, #(35) = 0.31, p =.75, d = 0.10. Meanwhile, the analysis on cognate
effect changes between Experiment 1 and 2 takers did not support the practice
account. The factor of Previous Session (participated in Experiment 1 vs. partici-
pated in Experiment 2) x Cognate Status interaction was added into ANOVAs and
binomial regression analyses of RT and error data of Experiment 3. For the RT
analysis, the effect of Previous Session x Cognate Status interaction was not sig-
nificant, F(1,70) = 0.11, p = 0.74, * < 0.0015, whereas for the error rate analysis,
adding the factor of Previous Session x Cognate Status interaction did not signifi-
cantly improve model fit, y*(1) = 1.43, p = .23, meaning that cognate facilitation
effects were found in the two groups of participants alike. Summarizing the results,
participants who previously took Experiment 2 did not change in their strategies
of using cross-linguistic overlap to facilitate German-English cognate recognition
in the subsequent Experiment 3. Therefore, a practice effect should not be an im-
portant factor contributing to different cognate effects in the two German LDTs.
However, due to the fixed orders of Experiment 2 and Experiment 3, a practice
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confound could not be completely avoided. To rule out a practice effect, future
research with a new group of Experiment 3 takers is needed.

The third explanation is inspired by Dijkstra and colleagues (1998), who
pointed out that a shift in performance strategy could happen during the course
of the experiments. According to the Language Mode theory (Grosjean, 2001),
bilinguals can move from a ‘monolingual mode’ (predominantly activating one
language) to a ‘bilingual mode’ (activating two languages) in different contexts. It
is speculated that all of the participants in Experiment 3 were tuned to an English-
German ‘bilingual mode’ after the completion of Experiment 1 or Experiment 2
that had elicited dual language activation. If both non-native languages were ac-
tive in the last session (Experiment 3), a cognate effect would become more likely.
Indeed, the exceptionally high error rates of identical cognates in Experiment 2
were not observed in Experiment 3, showing that the participants might no longer
be confused by the ambiguity of such words. The effects of global context and ex-
perimental block on bilingual language activation were also supported by an ERP
study conducted in the L2 of German-English bilinguals (Elston-Giittler, Gunter,
& Kotz, 2005). In the study, participants who previously watched an L1 German
movie exhibited semantic priming effect in the processing of German-English ho-
mographs in the first block only. Similarly, the divergent findings in the two L3
German tasks of the present study underscore the importance of contextual fac-
tors in the processing of L2-L3 cognates.

Frequency is another potential confound leading to different findings in the
two L3 tasks. Mean frequency values in Table 2 seem to suggest that the cognates
used in Experiment 2 were more frequent than those in Experiment 3. To examine
this issue, Frequency was added as a continuous variable to the original logistic re-
gression models on cognate error rates. For both experiments, the new models with
Frequency and Cognate Status as predictors [Experiment 2: ¥3(2) = 31.9, p <.001,
R,?=0.09,R.¢* = 0.05, R,/ = 0.12; Experiment 3: y*(2) = 57.9, p < .001, R,* = 0.06,
R > =0.05, R 2=0.09] found a significant effect of Frequency (Expenment 2:
j3 2 0,03, SE<0.001, z=-2.11, p <.05; Experiment 3: f#=-0.02, SE = 0.005,
z=-3.23, p <.01), and still a significant effect of Cognate Status (Experiment 2:
£=0.95,SE=0.32,z=2.92,p < .01; Experiment 3: § = -1.08, SE = 0.18, z = —5.93,
p <.001) on error rates. However, adding Frequency x Cognate Status interac-
tion did not increase the models significantly [Experiment 2: y*(1) = 2.16, p = .14;
Experiment 3: y*(1) = —2.58, p = .10). The insignificant interaction effects indicat-
ed that Frequency could not account for the difference in error rates between cog-
nates and non-cognates in the two experiments. In other words, lexical frequency
did not significantly affect either the cognate inhibition effect in Experiment 2, or
the cognate facilitation effect in Experiment 3. Therefore, frequency does not seem
to be the main reason for the different results in the two LDTs.
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The cognate facilitation in the second L3 task (Experiment 3) was expected,
while patterns in the first L3 task (Experiment 2) were not typical. It was sus-
pected that the absence of cognate facilitation effects in Experiment 2 was an ar-
tifact caused by participants’ limited proficiency, which took a toll on their cogni-
tive resources and led to non-target performance strategies. First of all, when the
cognitive resources were occupied in tasks conducted in a weak L3, participants
might not be able to use semantics to facilitate cognate processing. The relation-
ship between working memory and cognate performances was explored in an-
other study using translation tasks (Kroll, Michael, Tokowicz, & Dufour, 2002). In
that study, L2 learners with lower working memory benefited more from cognates
than L2 learners with higher working memory, which suggested that leaners with
lower working memory relied more on forms, while learners with higher working
memory relied more on concepts. L2 learners in that study resemble trilinguals in
the current study. Low-performing trilinguals focused more on forms than con-
cepts, and thus failed to use the conceptual overlap to accelerate lexical retrieval.
Meanwhile, too much attention on word forms made low performers confused by
ambiguous, identical cognates, so they misidentified such words as non-German
words. As discussed in the post hoc analysis of the results in Experiment 2, incor-
rect responding strategies were likely used by these participants, who were essen-
tially using language decision task strategies to perform an LDT, resulting in cog-
nate inhibition effects. In addition, seeing cognates which were also real English
words, trilinguals might grow too cautious and attempt to consciously suppress
the non-target L2 English as a whole, as trilinguals tend have a higher metalin-
guistic awareness than bilinguals do (O Laoire, 2005). The suppression of L1 dur-
ing L2 processing was also observed in the ERP study by Bice and Kroll (2015),
which found that learners showed a non-canonical N400 for cognates in L2 LDTs.
Based on the assumption that the N400 reflected processing difficulty, the study
indicated that some learners inhibited L1 during L2 processing and made cognates
harder, instead of easier to retrieve.

Mechanisms in the BIA+ model (Dijkstra & Van Heuven, 2002) could be pur-
sued to explain the inhibitory effect in identical cognates. In the BIA+ framework,
an inhibitory mechanism plays an essential role in visual word recognition: L3
cognates with their orthographically similar L2 cross-linguistic partners are si-
multaneously activated from bottom-up, and a top-down inhibitory mechanism is
needed to suppress the non-target language competitors in order to make a correct
decision. On the one hand, the low performers with limited cognitive resourc-
es were not very adept at top-down inhibition. On the other hand, the identical
cognates raised processing difficulties by presenting real L2 words in an L3 task.
Therefore, the low performers showed interference instead of facilitation from
L2 when encountering identical cognates. The relation between cognitive ability
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and cognate effect was also discussed in a few other studies comparing older and
younger bilingual adults (Logan & Balota, 2003; Siyambalapitiya, Chenery, &
Copland, 2009). Siyambalapitiya and colleagues (2009) found a cognate inhibition
effect in the cross-linguistic condition of a repetition priming task in older bilin-
guals and suggested that their poor inhibition ability was the reason for slower
lexical access. Similarly, Logan and Balota (2003) observed that those with poor
cognitive ability have difficulties in selecting close lexical competitors. The low
performers in this study are analogous to those older bilinguals with limited con-
trolling abilities.

In contrast to the cognate effects, no interlingual homograph inhibition effect
was found. Given the finding that interlingual homographs and non-interlingual
homographs were reacted to with similar RTs and accuracies, such a result could
not directly prove a parallel activation of German and English representations
during the processing of interlingual homographs. The null effect for interlingual
homographs is unsurprising because various studies have shown that the IH effect
was more unsteady than the cognate effect. For example, Von Studnitz and Green
(2002) found inhibition effects for interlingual homograph words compared with
one language controls, but another study with Spanish-English bilinguals (Gerard
& Scarborough, 1989) did not observe any interlingual homograph effects. It was
observed that interlingual homograph effects were more likely when the inter-
lingual homographs had low frequency in the reading of the target language and
high frequency in the reading of the non-target language (Dijkstra, Timmermans,
& Schriefers, 2000; Dijkstra et al., 1998). Since such interlingual homographs only
constituted less than 10% of IHs in this study, Experiment 3 did not provide the
best situation to elicit an interlingual homograph effect. The null effect of inter-
lingual homographs did not indicate that the L2 was not activated, as there was
a cognate facilitation effect in the same task. In case of interlingual homograph
processing, participants might have activated their L3 lexicon highly enough to
immediately cut off the activation of the L2 lexicon, so that the bottom-up activa-
tion from the shared orthography did not reach the higher semantic level. By com-
parison, in cognate processing, the shared orthography and semantics in cognates
promoted parallel activations of both L2 and L3 lexicons, which converged on the
semantic level. The absence of an interlingual homograph effect and the presence
of a cognate effect suggest that shared semantics might be more important than a
shared orthography for one lexicon to influence another.
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6. Conclusion

Our study found evidence for parallel activation of L3 and L2 lexicons during vi-
sual word recognition in a group of Asian trilinguals who were acquiring an L3 in
adulthood. Despite the trilinguals being less proficient in their L3 than in their L2,
there was still an observable cognate facilitation effect from the L3 to L2. Therefore,
the mechanism of processing L2 lexical items should remain malleable over the
lifespan, and it is possible for a recently acquired language, even with limited profi-
ciency, to influence the processing of a proficient L2 acquired in childhood. In ad-
dition to this flexibility over time, these Asian trilinguals also demonstrated greater
variability in lexical processing compared with the bilingual and trilingual popula-
tion tested earlier. Whether or not lexical overlaps in L2 and L3 show facilitative or
inhibitory effects is largely determined by interactions of multiple factors such as
language dominance, stimuli composition, orthographic similarity, performance
strategy in a task, typological proximity between languages, and individual varia-
tions on language proficiency. Future studies are needed to tease apart these inter-
actions in order to better understand trilingual non-native language processing.

Acknowledgements

Yanjiao Zhu and Peggy Mok, Department of Linguistics and Modern Languages, The Chinese
University of Hong Kong. The authors would like to thank Annette Fromel, Ulrich Wannagat
and Nicole Bass for their support in subject recruitment, and to thank their Department for
funding support.

References

Aparicio, X., & Lavaur, J.-M. (2016). Masked Translation Priming Effects in Visual Word
Recognition by Trilinguals. Journal of Psycholinguistic Research, 45, 1369-1388.

Aparicio, X., Midgley, K. J., Holcomb, P. ], Pu, H., Lavaur, J. M., & Grainger, J. (2012). Language
effects in trilinguals: An ERP study. Frontiers in Psychology, 3, 1-9.
https://doi.org/10.3389/fpsyg.2012.00402

Balota, D. A., Yap, M. J., Cortese, M. J., Hutchison, K. A., Kessler, B., Loftis, B., ... Treiman, R.
(2007). The English Lexicon Project. Behavior Research Methods, 39, 445-459.
https://doi.org/10.3758/BF03193014

Bice, K., & Kroll, J. E (2015). Native language change during early stages of second language
learning. NeuroReport, 26, 966-971. https://doi.org/10.1097/WNR.0000000000000453

Brenders, P., Van Hell, J. G., & Dijkstra, T. (2011). Word recognition in child second lan-
guage learners: Evidence from cognates and false friends. Journal of Experimental Child
Psychology, 109, 383-96. https://doi.org/10.1016/j.jecp.2011.03.012


https://doi.org/10.3389/fpsyg.2012.00402
https://doi.org/10.3389/fpsyg.2012.00402
https://doi.org/10.3758/BF03193014
https://doi.org/10.3758/BF03193014
https://doi.org/10.1097/WNR.0000000000000453
https://doi.org/10.1016/j.jecp.2011.03.012

Recognition of cognates and IHs in non-native languages [27]

Caramazza, A., & Brones, I. (1979). Lexical access in bilinguals. Bulletin of the Psychonomic
Society, 13, 212-214. https://doi.org/10.3758/BF03335062

Davis, C.J. (2005). N-Watch: A program for deriving neighborhood size and other psycholin-
guistic statistics. Behavior Research Methods, 37, 65-70.
https://doi.org/10.3758/BF03206399

De Groot, A. M. B., & Nas, G. L. J. (1991). Lexical representation of cognates and noncognates
in compound bilinguals. Journal of Memory and Language, 30, 90-123.
https://doi.org/10.1016/0749-596X(91)90012-9

Dijkstra, T., Grainger, J., & Van Heuven, W. J. B. (1999). Recognition of cognates and interlin-
gual homographs: The neglected role of phonology. Journal of Memory and Language, 41,
496-518. https://doi.org/10.1006/jmla.1999.2654

Dijkstra, T., Miwa, K., Brummelhuis, B., Sappelli, M., & Baayen, H. (2010). How cross-language
similarity and task demands affect cognate recognition. Journal of Memory and Language,
62,284-301. https://doi.org/10.1016/j.jml.2009.12.003

Dijkstra, T., Timmermans, M., & Schriefers, H. (2000). On Being Blinded by Your Other
Language: Effects of Task Demands on Interlingual Homograph Recognition. Journal of
Memory and Language, 42, 445-464. https://doi.org/10.1006/jmla.1999.2697

Dijkstra, T., & Van Heuven, W. J. B. (2002). The architecture of the bilingual word recognition
system: From identification to decision. Bilingualism: Language and Cognition, 5, 175-197.
https://doi.org/10.1017/51366728902003012

Dijkstra, T., Van Jaarsveld, H. J., & Ten Brinke, S. (1998). Interlingual homograph recognition:
Effects of task demands and language intermixing. Bilingualism: Language and Cognition,
1, 51-66.

Elston-Giittler, K. E., Gunter, T. C., & Kotz, S. A. (2005). Zooming into L2: Global language con-
text and adjustment affect processing of interlingual homographs in sentences. Cognitive
Brain Research, 25, 57-70. https://doi.org/10.1016/j.cogbrainres.2005.04.007

Gerard, L. D., & Scarborough, D. L. (1989). Language-specific lexical access of homographs
by bilinguals. Journal of Experimental Psychology: Learning, Memory, and Cognition, 15,
305-315.

Grosjean, E (2001). The bilingual’s language modes. In J. L. Nicol (Ed.), One Mind, Two
Languages: Bilingual Language Processing (pp. 1-22). Oxford, UK: Wiley-Blackwell.

Kirsner, K., Lalor, E., & Hird, K. (1993). The bilingual lexicon: Exercise, meaning and morphol-
ogy. In R. Schreuder & B. Weltens (Eds.), The Bilingual Lexicon (pp. 215-248). Amsterdam:
John Benjamins. https://doi.org/10.1075/sibil.6.11kir

Kroll, J. E, Michael, E., Tokowicz, N., & Dufour, R. (2002). The development of lexical fluency in
a second language. Second Language Research, 18, 137-171.
https://doi.org/10.1191/02676583025r2010a

Kroll, J. E, Sumutka, B. M., & Schwartz, A.1. (2005). A cognitive view of the bilingual lexicon:
Reading and speaking words in two languages. International Journal of Bilingualism, 9,
27-48. https://doi.org/10.1177/13670069050090010301

Lembhofer, K., & Dijkstra, T. (2004). Recognizing cognates and interlingual homographs: ef-
fects of code similarity in language-specific and generalized lexical decision. Memory &
Cognition, 32, 533-550. https://doi.org/10.3758/BF03195845

Lemhofer, K., Dijkstra, T., & Michel, M. (2004). Three languages, one ECHO: Cognate effects in
trilingual word recognition. Language and Cognitive Processes, 19, 585-611.
https://doi.org/10.1080/01690960444000007


https://doi.org/10.3758/BF03335062
https://doi.org/10.3758/BF03206399
https://doi.org/10.3758/BF03206399
https://doi.org/10.1016/0749-596X(91)90012-9
https://doi.org/10.1016/0749-596X(91)90012-9
https://doi.org/10.1006/jmla.1999.2654
https://doi.org/10.1016/j.jml.2009.12.003
https://doi.org/10.1006/jmla.1999.2697
https://doi.org/10.1017/S1366728902003012
https://doi.org/10.1017/S1366728902003012
https://doi.org/10.1016/j.cogbrainres.2005.04.007
https://doi.org/10.1075/sibil.6.11kir
https://doi.org/10.1191/0267658302sr201oa
https://doi.org/10.1191/0267658302sr201oa
https://doi.org/10.1177/13670069050090010301
https://doi.org/10.3758/BF03195845
https://doi.org/10.1080/01690960444000007
https://doi.org/10.1080/01690960444000007

[28] Yanjiao Zhu and Peggy Pik Ki Mok

Lenth, Russell V. (2016). Least-Squares Means: The R Package Ismeans. Journal of Statistical
Software, 69, 1-33.

Levelt, W. . M., Roelofs, A., & Meyer, A. S. (1999). A theory of lexical access in speech produc-
tion. Behavioral and Brain Sciences, 22, 1-75. https://doi.org/10.1017/50140525X99001776

Levenshtein, V. I. (1966). Binary codes capable of correcting deletions, insertions, and reversals.
Soviet Physics Doklady, 10, 707-710.

Logan, J. M., & Balota, D. A. (2003). Conscious and unconscious lexical retrieval blocking in
younger and older adults. Psychology and Aging, 18, 537-550.
https://doi.org/10.1037/0882-7974.18.3.537

Marian, V., Bartolotti, J., Chabal, S., & Shook, A. (2012). CLEARPOND: cross-linguistic easy-
access resource for phonological and orthographic neighborhood densities. PloS One, 7,
€43230. https://doi.org/10.1371/journal.pone.0043230

Midgley, K. J., Holcomb, P. J., & Grainger, J. (2011). Effects of cognate status on word comprehen-
sion in second language learners: An ERP investigation. Journal of Cognitive Neuroscience,
23,1634-1647. https://doi.org/10.1162/jocn.2010.21463

O Laoire, M. (2005). L3 in Ireland: A preliminary study of learners’ metalinguistic awareness.
In B. Hufeisen & R. Fouser (Eds.), Introductory readings in L3 (pp. 47-55). Tubingen,
Germany: Stauffenberg Verlag.

Peeters, D., Dijkstra, T., & Grainger, J. (2013). The representation and processing of identi-
cal cognates by late bilinguals: RT and ERP effects. Journal of Memory and Language, 68,
315-332. https://doi.org/10.1016/j.jml.2012.12.003

Poarch, G.J., & Van Hell, J. G. (2012). Cross-language activation in children’s speech pro-
duction: Evidence from second language learners, bilinguals, and trilinguals. Journal of
Experimental Child Psychology, 111, 419-438. https://doi.org/10.1016/j.jecp.2011.09.008

Poarch, G.J., & Van Hell, J. G. (2014). Cross-language activation in same-script and different-
script trilinguals. International Journal of Bilingualism, 18, 693-716.
https://doi.org/10.1177/1367006912472262

Poort, E. D., & Rodd, J. M. (2017). The cognate facilitation effect in bilingual lexical decision is
influenced by stimulus list composition. Acta Psychologica, 180.
doi: https://doi.org/10.1016/j.actpsy.2017.08.008

Poort, E. D., Warren, J. E., & Rodd, J. M. (2016). Recent experience with cognates and inter-
lingual homographs in one language affects subsequent processing in another language.
Bilingualism: Language and Cognition, 19, 206-212.
https://doi.org/10.1017/51366728915000395

Sanchez-Casas, R. M., Davis, C. W., & Garcia-Albea, J. E. (1992). Bilingual lexical processing:
Exploring the cognate/noncognate distinction. European Journal of Cognitive Psychology, 4,
293-310. https://doi.org/10.1080/09541449208406189

Scarborough, D. L., Gerard, L., & Cortese, C. (1984). Independence of lexical access in bilingual
word recognition. Journal of Verbal Learning and Verbal Behavior, 23, 84-99.
https://doi.org/10.1016/50022-5371(84)90519-X

Siyambalapitiya, S., Chenery, H. J., & Copland, D. A. (2009). Bilingualism and aging: Reversal of
the cognate advantage in older bilingual adults. Applied Psycholinguistics, 30, 531-554.
https://doi.org/10.1017/50142716409090262

Szubko-Sitarek, W. (2011). Cognate facilitation effects in trilingual word recognition. Studies in
Second Language Learning and Teaching, 1, 189-208.

Szubko-Sitarek, W. (2015). Multilingual Lexical Recognition in the Mental Lexicon of Third Language
Users. Berlin, Heidelberg: Springer. doi: https://doi.org/10.1007/978-3-642-32194-8


https://doi.org/10.1017/S0140525X99001776
https://doi.org/10.1037/0882-7974.18.3.537
https://doi.org/10.1037/0882-7974.18.3.537
https://doi.org/10.1371/journal.pone.0043230
https://doi.org/10.1162/jocn.2010.21463
https://doi.org/10.1016/j.jml.2012.12.003
https://doi.org/10.1016/j.jecp.2011.09.008
https://doi.org/10.1177/1367006912472262
https://doi.org/10.1177/1367006912472262
https://doi.org/10.1016/j.actpsy.2017.08.008
https://doi.org/10.1017/S1366728915000395
https://doi.org/10.1017/S1366728915000395
https://doi.org/10.1080/09541449208406189
https://doi.org/10.1016/S0022-5371(84)90519-X
https://doi.org/10.1016/S0022-5371(84)90519-X
https://doi.org/10.1017/S0142716409090262
https://doi.org/10.1017/S0142716409090262
https://doi.org/10.1007/978-3-642-32194-8

Recognition of cognates and IHs in non-native languages [29]

Van Hell, J. G., & De Groot, A. M. B. (1998). Conceptual representation in bilingual memory:
Effects of concreteness and cognate status in word association. Bilingualism: Language and
Cognition, 1, 193-211. https://doi.org/10.1017/51366728998000352

Van Hell, J. G., & Dijkstra, T. (2002). Foreign language knowledge can influence native language
performance in exclusively native contexts. Psychonomic Bulletin & Review, 9, 780-789.
https://doi.org/10.3758/BF03196335

Van Hell, J. G., & Poarch, G. J. (2014). How much bilingual experience is needed to affect execu-
tive control. Applied Psycholinguistics, 35, 925-928.
https://doi.org/10.1017/50142716414000265

Van Heuven, W. J. B., Dijkstra, T., & Grainger, J. (1998). Orthographic neighborhood effect in
bilingual word recognition. Journal of Memory and Language, 39, 458-483.
https://doi.org/10.1006/jmla.1998.2584

Van Heuven, W. J. B., Schriefers, H., Dijkstra, T., & Hagoort, P. (2008). Language conflict in the
bilingual brain. Cerebral Cortex, 18,2706-2716. https://doi.org/10.1093/cercor/bhno3o

Von Studnitz, R. E., & Green, D. W. (2002). Interlingual homograph interference in German-
English bilinguals: Its modulation and locus of control. Bilingualism: Language and
Cognition, 5, 1-23. https://doi.org/10.1017/51366728902000111

Williams, S., & Hammarberg, B. (1998). Language switches in L3 production: Implications for a
polyglot speaking model. Applied Linguistics, 19, 295-333.
https://doi.org/10.1093/applin/19.3.295

Addpress for correspondence

Peggy Pik Ki Mok

Department of Linguistics and Modern Languages
The Chinese University of Hong Kong

Leung Kau Kui Building

Shatin

Hong Kong SAR

peggymok@cuhk.edu.hk
https://orcid.org/0000-0002-9284-6083

Co-author details

Yanjiao Zhu

Department of Linguistics and Modern Languages
The Chinese University of Hong Kong

Leung Kau Kui Building

Shatin

Hong Kong SAR

zhuyan.jiao@hotmail.com


https://doi.org/10.1017/S1366728998000352
https://doi.org/10.3758/BF03196335
https://doi.org/10.3758/BF03196335
https://doi.org/10.1017/S0142716414000265
https://doi.org/10.1017/S0142716414000265
https://doi.org/10.1006/jmla.1998.2584
https://doi.org/10.1006/jmla.1998.2584
https://doi.org/10.1093/cercor/bhn030
https://doi.org/10.1017/S1366728902000111
https://doi.org/10.1093/applin/19.3.295
https://doi.org/10.1093/applin/19.3.295
mailto:peggymok@cuhk.edu.hk
https://orcid.org/0000-0002-9284-6083
mailto:zhuyan.jiao@hotmail.com

[30] Yanjiao Zhu and Peggy Pik Ki Mok

Publication history

Date received: 27 June 2017
Date accepted: 23 May 2018
Published online: 29 June 2018



	Visual recognition of cognates and interlingual homographs in two non-native languages
	1. Introduction
	2. Experiment 1 – Cognates in an L2 English-only LDT
	2.1 Methods
	2.1.1 Participants
	2.1.2 Materials
	2.1.3 Procedure

	2.2 Results
	2.2.1 RTs
	2.2.2 Error rates

	2.3 Discussion

	3. Experiment 2 – Cognates in an L3 German-only LDT
	3.1 Methods
	3.1.1 Participants
	3.1.2 Materials and procedures

	3.2 Results
	3.2.1 RTs
	3.2.2 Error rates
	3.2.3 Post hoc analyses

	3.3 Discussion

	4. Experiment 3 – Cognates and interlingual homographs in an L3 German-only LDT
	4.1 Methods
	4.2 Results
	4.2.1 RTs
	4.2.2 Error rates

	4.3 Discussion

	5. General discussion
	6. Conclusion
	Acknowledgements
	References
	Address for correspondence
	Co-author details


