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Abstract

Whereas the belief “the younger, the better” regarding foreign language learning seems
to hold tenaciously, studies comparing learners of different starting ages attest that in
instructed (as opposed to naturalistic) learning contexts, a younger age of onset does
not automatically yield better results. However, little is known about how multilingual
learners from different age groups develop in their non-native languages over time.
The present study thus investigates the understudied domain of perceptual develop-
ment with seven adolescents aged 12—13 and seven adults aged 19-39 (L1 German,
L2 English) over the first year of L3 Polish instruction (tested after one, three, five,
and ten months). The sound contrast under scrutiny was /v—w/, which only exists in
the learners’ L2 and L3. As expected, in the ABX task, adults performed better than
adolescents in both languages at most testing times and generally showed a slight up-
ward trend in both their L2 and L3 learning trajectories. For the adolescents, develop-
ment was more non-linear. Further, a boosting ‘novelty effect’ was found for the
younger learner group: After only a few hours of L3 instruction, they perceived the
contrast more consistently and faster than in L2 and at any other testing time, perform-
ing within the adults’ range.

Keywords: Multilingualism; age differences; perceptual development; L2/L3 phonol-
ogy; instructed learning.

1. Introduction

One of the important prerequisites for the successful development of commu-
nicative skills is accurate speech perception (Cristia et al. 2012). Naturally, the
question of how speech perception develops in second language (henceforth
L2) learners has thus been a core issue in L2 research. To that end, different
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explanatory models have been brought forward, most of which share the as-
sumption that the learner’s first or native language (henceforth L1) and its
sound inventory will, especially at the beginning of L2 learning, heavily influ-
ence and therefore guide the perception of L2 sounds (e. g. Flege’s (2002)
Speech Learning Model, SLM; Best and Tyler’s (2007) Perceptual Assimila-
tion Model, PAM). According to these models, different predictions can be
made about which non-native sounds might be more challenging to perceive
than others, depending on the degree of distance between L2 and L1 sounds.

This hypothesis also implies that developmental trajectories may look dif-
ferent for younger and older learners. Studies investigating L1 perception de-
velopment provide evidence that native speech perception develops slowly
throughout childhood and adolescence, up until the age of 14 and beyond (see
e.g. Bent 2015; Hazan & Barrett 2000; Idemaru & Holt 2013; Johnson 2000).
Since children’s L1 sound systems appear to be more flexible and malleable,
it is sensible to assume that they are quicker to form new categories for un-
known L2 sounds if necessary, given a consistently high amount and quality
of input (Flege 1995). However, this may not always be the case in classroom
learning contexts (Cenoz 2002; Mufioz 2006), so that it is unclear whether age
effects can be expected to play out in the same way as in naturalistic learning
environments, i.e. in favour of younger learners. Indeed, studies conducted
within formal learning contexts in various language domains such as phonol-
ogy, grammar and vocabulary learning have pointed, rather, towards an ad-
vantage for older learners (Kopeckova, Dimroth & Gut 2019; Pfenninger &
Singleton 2017).

Another important question the majority of the current speech perception
models do not address is the case of a speaker who has already acquired (or is
currently in the process of learning) a non-native language, and then starts
learning their — chronologically-speaking — third language (henceforth L3).
Instead of being exposed to unfamiliar sounds solely against the backdrop of
their L1, they would possibly already have enlarged or adapted, at least to
some extent, their repertoire to their L2. This would make their sound reper-
toire both quantitatively and qualitatively different from that of a monolingual
speaker at the onset of L2 acquisition.

In fact, in today’s multicultural and globalized world, this scenario applies
to a multitude of language learners. Still, the popular models of L2 speech
perception, such as SLM and PAM, fail to make precise predictions for L3
learners (naturally, since these models were not geared towards L3 learning).
However, there have been attempts to build on the Perceptual Assimilation
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Model-L2 (Best & Tyler 2007) and generate predictions for multilingual/L3
learners in line with the general reasonings of the model (Wrembel et al. 2019).
Wrembel et al. (2019: 522) suggest that L3 learners assimilate new L3 sounds
to both L1 and L2 categories perceptually, and that they furthermore have a
‘head start’ in perceiving novel contrasts from the very beginning simply due
to prior experience of learning different languages, which they refer to as “fa-
cilitative effect of multilingualism”. They found initial evidence for their hy-
potheses in a study conducted with 14 L3 learners completing a cross-linguis-
tic similarity task and a perceptual discrimination task, but admit that more
empirical research, especially of longitudinal nature, is needed to corroborate
their claims and “ultimately arrive at a comprehensive model of L3 speech
learning” (Wrembel et al. 2019: 531).

The present longitudinal study thus aims to fill these research gaps by in-
vestigating the non-native perceptual development of seven adolescent! and
seven adult L1 German speakers in both of their non-native languages (L2
English and L3 Polish). For four times over the course of their first year of L3
learning, the learners completed a perception task testing their ability to dis-
criminate between the /v/—/w/ sound contrast, which exists in their L2 and L3,
but not in their L1. Eventually, these data can contribute to advancing models
of speech perception to include multilingual learners of different ages and
learning contexts and develop a more thorough understanding of multilingual
speech processing.

2. Age differences in naturalistic and instructed language
learning contexts

With regard to language learning, there is the widespread belief that children
are generally guaranteed to succeed at this task, picking up a new language
fast and seemingly effortlessly (Pfenninger & Singleton 2017: 7). In turn, the
common observation of generally increased difficulties of post-puberty L2
learners has led researchers to hypothesize that there is a critical period of lan-
guage learning, after which a learner’s ability to acquire a new language is
inhibited due to maturational constraints (Lenneberg 1967). Numerous studies
from the 1960s onwards have indeed found a declining linear correlation

! Note that throughout this paper the younger group of learners is referred to as either children
or adolescents. For sake of brevity, children is used in all tables and figures.
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between age of acquisition and ultimate attainment from early childhood until
puberty: the younger a person at first exposure to a new language, the higher
the chance that they will develop target-like abilities (see, e.g., Johnson &
Newport 1989; DeKeyser 2000; Flege et al. 1999 for morphosyntax; Flege et
al. 1995; Flege et al. 1999; Flege & MacKay 2004, 2011 for phonology).

However, the majority of age research that may be largely responsible for
the common assumptions about child-adult differences has been conducted in
naturalistic settings (Larson-Hall 2008: 36), and there are several reasons to
assume that these findings cannot be extrapolated to instructed learning con-
texts. For instance, formal language instruction often requires a certain level
of cognitive development. (Younger) children are generally thought to learn in
an implicit way (DeKeyser 2003), but the consistent quantity and quality of
input prerequisite for implicit learning may not be provided in language class-
rooms due to constraints of time and resources. While older learners may profit
from more explicit methods of instruction and already possess the necessary
skills to comprehend and discuss language in a more abstract way, younger
learners may not be cognitively advanced enough in this regard (Mufioz 2001:
35).

Indeed, studies comparing learner groups of different ages of onset in
classroom language learning settings have yielded mixed results depending on
which language skill was investigated. Within the domains of grammar and
vocabulary learning, older learners turned out to be better than, or at least just
as good as, younger ones (de Bot 2014; Mufioz 2006; Pfenninger & Singleton
2017). What about phonology, though, the one language area where age effects
seem to be especially visible (Flege et al. 1999; Scovel 1988)? Some studies
have also reported advantages for later starters here (see Fullana 2006 for pho-
nemic discrimination; Garcia Lecumberri & Gallardo 2003 for accentedness
and intelligibility). Yet, others have suggested the opposite. Cenoz (2002) and
Larson-Hall (2008), for instance, both tested earlier and later learners after
several years of L2 instruction. The former employed various measures of oral
proficiency in a storytelling task, while the latter administered an oral gram-
maticality judgment test, a phonemic discrimination test, and an aptitude test.
It was only in the phonology-related tests in both studies (pronunciation meas-
ure of oral proficiency in Cenoz’s paper, phonemic discrimination test in Lar-
son-Hall’s) that the earlier-onset learners outperformed the older ones. How-
ever, in Cenoz’s (2002) study, the mean difference was statistically significant
but rather minute in effect, while Larson-Hall (2008: 50-51) explicitly warns
of a direct age-to-ability inference in the specific context of the two age groups
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of her Japanese participants, pointing to other confounding factors such as mo-
tivation. Still, the findings of these two studies point to a special standing of
phonology in the investigation of age differences, since they demonstrate that
other aspects of language were not affected in the same way. However, much
like the other studies, they only compare learners within close proximity age-
wise (always under 14 years old).

True child—adult studies are much scarcer. The present author is only
aware of two small-scale studies comparing the phonological abilities of chil-
dren and adults in formal learning contexts. Kopeckova, Dimroth & Gut
(2019) tested ten children (aged 9—11) and 19 adults (aged 19-27), all L1 Ger-
man speakers, in an experimental classroom setting with highly controlled in-
put. For ten days, both groups received two hours of communication-based
Polish instruction followed by one to two hours of language testing, of which
this particular study only reports results of sibilant and vowel perception and
production as measured in the first and the second week of the course. The
adults were more successful than the children in perception, while there was
no significant group difference in production. As to learning trajectories, their
findings illustrate that “phonological learning at this very initial stage cannot
be modelled as a straight path of progress towards higher accuracy” (Ko-
peckova et al. 2019: 22) in either of the groups, further confirming conceptu-
alizations of language learning as a complex and dynamic process. Similarly,
Kopeckové, Gut & Golin (2019) report non-linear learning trajectories in their
longitudinal investigation of nine children and seven adults. They tested the
learners’ production of the /v/—/w/ contrast (non-existent in their L1) in both
of their non-native languages for three times across the first year of L3 learn-
ing. In terms of production, the adults outperformed the children in their L2
for both sounds at all three testing times. In their L3, however, a language that
was completely novel to both groups, the children produced both sounds more
accurately at the first two testing times, i.e. five and ten weeks into L3 learn-
ing. At the final testing time, after ten months of L3 instruction, the picture
flipped, and the adults suddenly performed better than the children. While the
confusion rate (producing /v/ as [w] and vice versa) in both languages dropped
for the adults over the course of the year, for the children it actually rose. Fur-
thermore, an acoustic analysis revealed that the children’s L2 phonological
system appeared to be affected by their L3 learning more so than that of the
adults’, indicating a difference in stability. It remains to be seen to what extent
their findings also hold true for perceptual development.
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To sum up, a younger starting age does not automatically yield better re-
sults in instructed learning contexts, and findings may vary according to which
language aspect was tested. Previous research from the past two decades has
thus contributed significantly to our understanding of age as a predictor in for-
eign language learning and how it might differ in naturalistic vs. instructed
settings. Yet, a number of relevant questions remain unexplored. First of all,
most previous studies in formal learning contexts mentioned above tested
learners at a later stage of acquisition and did not collect longitudinal data from
the initial learning stages onwards. Also, participants in these studies have usu-
ally consisted of speakers within a small age range; child-adult comparisons
are rare. As a result, little is known about paths of development of early vs.
late learners in instructed learning contexts. Finally, most of the previous stud-
ies have only tested one language (usually English as L2), even though at many
European schools nowadays, two or three languages are taught concurrently
(see e.g. European Commission 1995). This is of great relevance considering
that current language learning models theorize that languages share a common
space in a multilingual speaker’s mind (de Bot 2012). This assumption has
found much support in studies on cross-linguistic influence, which have
demonstrated that a speaker’s languages interact and influence each other in
all possible directions (Cenoz et al. 2001). Thus, investigating only one of the
non-native languages in a multilingual speaker may not tell the whole story, as
demonstrated in the next section, which introduces theoretical models of per-
ceptual development.

3. Development of non-native speech perception

As stated earlier, L2 perception in the initial stages of learning is thought to
heavily depend on the learner’s L1 sound system. Hence, contingent on the
degree of distance between L2 and L1 sounds, different predictions can be
made as to which non-native sounds might be more challenging to perceive
than others. To that end, the Perceptual Assimilation Model (PAM), which fo-
cuses on adult naive listeners (functional monolinguals), proposes that they
are likely “to perceptually assimilate the nonnative phone to the most articu-
latorily-similar native phoneme” when presented with a non-native phonetic
segment for the first time (Best 1995). Any specific non-native phone can be
identified as a good or poor equivalent of L1 phonemes, resulting in at least
four different assimilation patterns for each non-native sound contrast (Best
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1995: 194-98): They can be assimilated into the L1 phonological space as
good, acceptable or deviant exemplars of an L1 category, or they can fall in
between L1 phoneme categories.

In a later adaption of the model for L2 learners (as opposed to naive lis-
teners) dubbed PAM-L2, Best and Tyler (2007) predict a continuous refine-
ment of non-native speech perception over time as a function of specific ex-
perience with using their L1 and L2. The present study investigates the non-
native sound contrast /v/—/w/, and based on PAM and PAM-L2, some predic-
tions can be put forward. The acquisition of the contrast between the voiced
labiodental fricative /v/ and the labiovelar approximant /w/, as it exists in Eng-
lish and Polish, has previously been shown to be challenging for L1 speakers
of German in both perception (Ankerstein & Morschett 2013; Iverson et al.
2008) and production (Kopeckova, Gut & Golin 2019; Pascoe 1987). This can
be explained by the absence of /w/ in the German sound inventory as well as
by the slightly different phonetic realizations of /v/ in comparison to English
and Polish. In German, /v/ is commonly realized as weak labiodental approx-
imant [v], and is therefore phonetically speaking almost in between English
and Polish [w] and [v]. Learners may thus initially map both of these two
L2/L3 phonemes onto the L1 category of /v/ (single category assimilation),
evidenced by a high confusion rate of /v/ and /w/. Another possible scenario
would be that one sound of the non-native contrast, arguably [w], is perceived
as a much poorer member of the native language category /v/ than is the other.
In that case, the discrimination between these two non-native sounds would be
predicted to range from moderate to very good due to their different standings
as deviant and good exemplars of the L1 category /v/.

Either way, over time and with growing exposure to the target language,
PAM-L2 predicts a continuous refinement of L2 categories. As mentioned
above, Wrembel et al. (2019) suggest building on PAM-L2 and try to extend
its general predictions to L3 learners to account for their enlarged phonological
repertoire as well as their greater language learning experience. However, at
this point, it is unclear what their developmental predictions for L3 learning
would be in this line of argumentation. Furthermore, their proposal does not
provide any hypotheses regarding the learning trajectories of the other lan-
guages in the multilingual’s system (i.e. L1, L2 and other L3s). Such predic-
tions would particularly be of interest to learners who are still in the process
of L2 acquisition at the time of L3 onset.

Generally, there are only a few small-scale studies investigating speech
perception in formally-instructed multilinguals, and most of them are either
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not developmental (Cabrelli 2017; Onishi 2016) or their investigation does not
extend beyond the target language (Kopeckova, Dimroth & Gut 2019; Wrem-
bel et al. 2019). Still, findings of perception studies comparing multilingual
and mono- or bilingual speakers corroborate the notion of a ‘multilingual ad-
vantage,’ in the sense that multilingual learners are more sensitive to novel
contrasts and hence learn to distinguish them earlier (see Kopeckova 2016 for
a critical review of previous research). This hypothesis of facilitative effects
thanks to prior language exposure is also confirmed in Onishi’s (2016) study
with adult L1 Korean, L2 English, L3 Japanese speakers, in which she reports
a positive correlation between L2 and L3 accuracy scores on several contrasts.
Although there have been no studies to date that evaluate both L2 and L3 per-
ception in children, evidence for a multilingual advantage in L3 perception has
been reported for young and adult multilinguals alike (see e.g. Antoniou et al.
2015; Enomoto 1994; Onishi 2016; Tremblay & Sabourin 2012).

Looping back to the age question in L2 learning, for which neither PAM
nor PAM-L2 offer any hypotheses, Flege’s (1995) Speech Learning Model
(SLM) makes some predictions based on L1-L2 sound system interactions.
One of its central postulates is that “[t]he mechanisms and processes used in
learning the L1 sound system, including category formation, remain intact
over the life span and can be applied to L2 learning” (Flege 1995: 239). How-
ever, despite the assumption that learning abilities remain stable, there are
some predictions as to how learning processes differ with age. According to
SLM, a speaker’s languages co-exist in a common phonetic space, which con-
sists of sound categories established in the process of language acquisition.
SLM posits that the formation of new (L2) sound categories becomes increas-
ingly challenging with age, as the L1 phonetic subsystem grows in its assimi-
lative power. This especially applies to L2 sounds that are somewhat similar
yet not identical to an L1 sound category. While younger learners might be
more flexible in adapting and fine-tuning their still-developing phonetic sys-
tem to the new language and form new categories where needed, L1 categories
in older learners are stronger “attractors” for unfamiliar sounds (Flege &
MacKay 2011: 76). Older learners are therefore more likely to integrate similar
L2 sounds into a corresponding L1 category. The lack of appropriate L2 cate-
gories, in turn, is thought to decrease the chances of accurate perception and
production of the respective sound. Naturally, a prerequisite of the formation
of appropriate categories is sufficient quantity and quality of L2 input (Baker
Smemoe et al. 2002; Flege & MacKay 2004; MacKay et al. 2001), which, as
discussed earlier, is likely not the case in formal learning contexts. Thus, a
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prediction that can be inferred from SLM regarding age differences in class-
room language learning would not necessarily be higher accuracy in perceiv-
ing and producing non-native sounds for children or adolescents per se, but
rather more variability in their performance. Although younger learners’ pho-
nological systems are assumed to be more malleable and therefore more likely
to create appropriate categories corresponding to novel L2/L3 sounds, they
may not receive enough input to inform category formation. The lack of infor-
mation may then result in non-linear learning trajectories to an even greater
extent than it would be expected in adults, whose phonological categories are,
in turn, more stable at the time a new language enters the picture (for some
empirical support for this hypothesis see, e.g., Kopeckova 2012).

4. The present study

To further explore the multilingual perceptual development of adolescents vs.
adults, the present study followed 14 speakers with the same language combi-
nation of L1 German and L2 English (but belonging to two different age
groups) over the course of their first year of learning L3 Polish. The /v/—/w/
sound contrast was chosen as a particularly interesting feature to investigate
in these speakers, because it exists in both their foreign languages, but not in
their L1. As mentioned above, previous studies have demonstrated that this
contrast is challenging for L1 German learners of English and Polish.

4.1. Predictions

Regarding the multilingual perceptual development of the adult and child lan-
guage learners in this study, the following predictions were made:

(1) Relationship between the non-native languages. If the /w/—/v/ contrast
can be distinguished reliably in L2 English, it will also be discerned in L3
Polish and vice versa. The individuals’ L2 accuracy scores will therefore
emerge as a predictor for their L3 performance.

(2) Development over time. With increased (L3) learning experience, both
learner groups may start noticing an abstract structural proximity for this
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contrast between their L2 and L3. As a result, they will perform more ac-
curately and more consistently in both of their foreign languages over time
(continual refinement of perception as predicted by PAM-L2).

(3) Child-adult comparison. As more experienced and cognitively more ad-
vanced learners with quantitatively greater exposure to the contrast
through their L2 English, the adults will outperform the younger learners
in both accuracy and response times.

4.2. Methods

4.2.1. Participants

Fourteen L3 learners of Polish took part in the longitudinal study. They were
divided into two groups according to their age. Seven adolescents (aged 12—
13) and seven adults (aged 21-39), all of whom spoke German as L1 and Eng-

lish as L2, completed perception tasks in both of their foreign languages. A
summary of the participants’ profiles is given in Table 1.

Table 1. Participants’ language learning profiles, AOL = onset age of learning.

Group N Age(mean) L1 L2 (mean AOL; self-assessed profi- L3
ciency)
Children 7 12-13 (12.2) German English (6.5; lower intermediate) Polish

Adults 7 21-39(26.4) German English (9.4; upper intermediate Polish
to advanced)

The groups were matched regarding their L3 Polish input, which amounted to
three hours per week. For all participants, Polish was a completely new lan-
guage, i.e. all heritage speakers were excluded from the final dataset, as were
all early bilinguals and speakers of additional languages not tested in this
study.? As Table 1 shows, the groups differed in their mean starting age of L2

2 Five of the seven adults also took some French and Spanish lessons in secondary school, and
were thus tested in these languages as well, but including all additional languages in the present
analysis would exceed the scope of this paper.
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learning. This is because educational policies have changed over the years re-
garding the school year in which English is introduced as a mandatory subject.
The two groups also differed in their self-assessed L2 proficiency, which
ranged from an upper-intermediate to an advanced level for the adult group,
while the younger learners can all be located within a lower intermediate pro-
ficiency level. No objective measure of language proficiency was employed.

The adult participants were recruited in community college and university
language classes and received a small financial compensation for participating
in the study. Their reasons for learning Polish ranged from having a Polish
partner to plans of taking part in a Polish—German Erasmus exchange. Initially,
a greater number of speakers were recorded, out of which only seven partici-
pants matching the profile (no heritage speakers and no prior L3 knowledge)
were present at all four testing times and thus remained in the dataset for final
analyses.

The younger L3 learners in the present study were recruited at a school
located in Germany within close proximity to the Polish border. They all chose
Polish as a new subject (over French) and were total beginners. All of them
had received instruction in their L2 English for several years. They also had
four 45-minute English lessons at school (a total of three hours per week)
alongside Polish lessons throughout the time span of the research project.

4.2.2 Design, materials, and procedure

T1: Five weeks
Background interview, T3: Five months
L2/L3 perception L2/L3 perception

Start L3 T2: Ten weeks T4: Ten months

instruction L2/L3 perception Background interview,
L2/L3 perception

Figure 1. Data collection timeline.
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Figure 1 visualizes the longitudinal data collection with four testing times. It
started a month after the participants’ start of L3 Polish lessons and stretched
over the first year of learning. This longitudinal design is extremely informa-
tive when tackling research questions regarding learning trajectories, as every
learner can act as their own control (Cabrelli 2013: 103). A timed ABX cate-
gorization task (see Figure 2) was employed to assess the learners’ ability to
discriminate between /v/ and /w/. This is a typical test of language-specific
contrasts often used in perception studies (Strange & Shafer 2008), in which
the participant listens to two minimal pair stimuli (AB) recorded by one
speaker. Next, another (third) stimulus (X) is produced by a different speaker,
and is either the same as the first (A) or the second one (B). The participant is
then asked to decide whether the final stimulus (X) was more like the first (A)
or the second one (B).

ISI 1000

ISI 1000

1500 ms

RW 3000

Fig. 2. ABX task procedure (ISI = inter-stimulus interval, RW = response window).

All participants were tested individually in a quiet room (located in the univer-
sity or school buildings) and on separate occasions for each language, in-
structed by a native speaker of the respective language. This was done to help
create the appropriate language mode. The task itself was administered through
E-Prime 2.0 measuring accuracy and response time (henceforth RT), and the
participants indicated their judgment by pressing a button on a button box. After
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a short practice session of four trials, they were given the opportunity to ask
questions of clarification and then proceeded with the real experiment.

The five minimal pairs for L2 English and six minimal pairs for L3 Polish
(see Table 2) were randomized and appeared in all possible combinations
(ABA, ABB, BAB, BAA), resulting in 20 and 24 trials, respectively. If no
response was logged within 3000 ms after the last stimulus, the trial was coded
as incorrect, and the experiment automatically proceeded with the next trial.
In the same session, other contrasts were tested as well but are not reported
here. Thus, there was a total of 40 randomized trials in the English session and
44 in the Polish session, each with a short break halfway through, so that it
took about five minutes to complete the task.

Table 2. Tokens used in ABX task.

Language Contrast word-initial Contrast word-medial

English whale—veil, wine—vine, wet-vet, =~ wayward—wavered,
wheel-veal leeward—levered

Polish t6dka—woddka, tata—wata pita—piwa, staly—stawy, brata—

brawa, lala—lawa

4.2.4. Data analysis

As a first step, d’ sensitivity scores were computed from the accuracy scores
for each participant. Building on insights from signal detection theory, this is
commonly done in perception studies to check for response bias (see e.g. Verde
& Macmillan 2006). Since there are only two response options in an ABX task
(button 1 and 2), a participant could theoretically achieve a 50% accuracy
score by only pressing button 1, for instance, which would not reflect their true
ability to discern the contrast. Such a response bias is taken into account when
calculating d' sensitivity scores, which would turn out lower than the raw ac-
curacy scores in such a case. Correlation measures were run on aggregated L2
and L3 scores to investigate the relationship between the two. Both groups’
accuracy and d' sensitivity scores are strongly and linearly correlated at all
testing times and for both languages (r = 0.99).3 Scatter plots confirmed that

3 A Pearson correlation test was run on all participants’ mean accuracy scores per language and
testing time (N = 112, normally distributed) and corresponding d’ sensitivity scores.
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accuracy scores below 50% result in negative d' values, indicating insensitivity
to the contrast. There were no outliers, as for example cases of moderate to
high accuracy scores in connection with lower d’ numbers, so that a possible
response bias can be ruled out for all participants. Since accuracy scores are
easier to interpret and allow for a straightforward comparison of L2 and L3
performance, they are reported in the results section.

L3 accuracy, as well as L3 response time (RT) data, were then modelled
with (generalized) mixed-effects linear regression using the glmer () and
1me () function, respectively, from the Ime4 package (Bates et al. 2015) in R
(R Development Core Team 2019). Generalized linear mixed modelling has
been shown to be appropriate for binomially distributed data such as accuracy
scores (Breslow and Clayton 1993; Jaeger 2008) as well as for repeated-
measures designs (Dixon 2008), while response time data is continuous and
was therefore modelled in a linear mixed-effects regression.

The following transformations of variables and model specifications were
applied. First, the variable 7esting time was transformed into a sliding contrast
using the contr. sdif function from the MASS package. A sliding contrast
is more appropriate than the default treatment contrast when assessing the par-
ticipants’ learning trajectory, as it compares adjacent testing times (T1 to T2,
T2 to T3, and T3 to T4), instead of using T1 as a sole reference point for com-
parison (Schad et al. 2019). None of the variables were centered. In order to
handle convergence issues, a bound optimization by quadratic approximation
(BOBYQA; Powell 2009) with a set maximum of 200,000 iterations was ap-
plied (Miller 2018).

As commonly happens with such data, the response time values were pos-
itively skewed (according to visual inspection as well as the Shapiro-Wilk test
for normality). They were therefore log-transformed (Levshina 2015: 66) with
the 1oglp R base package function, which consequently improved the model
fit. Furthermore, outliers on the upper end, i.e. individual items with very slow
RT, were removed. The criterion of inclusion was based on the absolute three
deviations around the median (MAD), which was calculated with the out-
liers mad function from the Routliers package (Leys et al. 2013). Out of
the 1058 correct L3 items for both groups combined, 35 of the adults’ and 30
of the children’s responses were thus discarded (6.1% in total, spread fairly
evenly across testing times and task-internal conditions). On the lower end
(very short RT), no responses were excluded due to the relatively long interval
of 1500 ms between the last stimulus and the response window.

The crucial effects investigated in the models were Testing time (T1, T2,
T3, T4), Group (children vs. adults), Position (word-initial vs. word-medial),
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and Condition (ABA vs. ABB).* The additional factor Mean L2 accuracy® was
then added to assess to what extent the participants’ performance on the same
contrast in their L2 impacted their ability to perceive it in their L3. Models
with and without Mean L2 accuracy were compared using the anova () func-
tion from the stats package (R Development Core Team 2019). As advised by
Barr et al. (2013), first, the most complex model consistent with the experi-
mental design was fitted, followed by removing only terms required to allow
a non-singular fit®, which, in this case, affected most random slopes. The re-
sulting mixed effect structure is presented in greater detail in Table 3.

Table 3. Mixed effect structure in final models.

Accuracy model (glmer) RT model (Imer)

Dependent variable L3 accuracy (binary) L3 response time (in ms) for
correct responses only
Independent Random Participant Participant
variables intercepts ~ Minimal pair Minimal pair
Random - Testing time | Participant
slopes
Fixed Group
effects Testing time
Condition
Position

Mean L2 accuracy

Interactions Group x Testing time
Group x Condition
Group X Position
Group x Mean L2 accuracy
Testing time x Mean L2 accuracy
Group x Testing time x Mean L2 accuracy

4 The four kinds of trial types every minimal pair was tested in (ABA, ABB, BAB, BAA) were
collapsed into two conditions: Either X was the same word as the first stimulus (ABA, BAB) or
the second stimulus (ABB, BAA). The former was recoded as ABA and the latter as ABB.

> Mean L2 accuracy was calculated separately for each participant, testing time, position and
condition.

¢ Almost all random slopes that were initially included either explained very little of the variance
or had correlation parameters with values close to £1. They were therefore discarded to avoid
singular model fit.
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The models were therefore suitable to test the three predictions made before-
hand:

(1) Relationship between the non-native languages — indicated by the effect
of Mean L2 accuracy

(2) Development over time — indicated the effect of Testing time
(3) Child-adult comparison — indicated by the effect of Group

Beyond these research questions, potential effects of the task-internal factors
Condition and Position could indicate group differences in processing strate-
gies and the use of possible phonetic cues. They are thus reported on as well.

The model outputs shown in the results section, including p-values (based
on conditional F-tests with Kenward-Roger approximation for the degrees of
freedom) and Nakagawa’s marginal/adjusted R?, were obtained with the
tab_ model function from the sjPlot package (Liidecke 2020).

5. Results

5.1. Descriptive statistics: Accuracy in each language across
testing times

Table 4. Mean (SD) accuracy scores.

Tl T2 T3 T4

Adults L2 0.79(0.41)  0.83(0.38) 0.89(0.32)  0.89(0.32)
L3 0.81(0.39) 0.89(0.32) 0.82(0.38)  0.92(0.27)

Children L2  0.59(0.49)  0.58(0.50)  0.78(0.42)  0.67 (0.47)
L3  0.78(0.42) 0.67(0.47) 0.67(0.47)  0.74(0.44)

Table 4 shows the mean accuracy scores and standard deviation of both groups
at all testing times and in both languages. As Figure 3 visualizes, the adults’
performance in the two languages appeared fairly aligned and considerably
high from the very beginning, with a slight upward trend from T1 to T4. The
children, on the other hand, started off very differently: While their L3 score
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was comparable to the adults’ at 78% at the first testing time, their L2 perfor-
mance was much lower then, with an accuracy mean score of only 59%. How-
ever, at T3 and T4, their ability to discriminate between the contrast in L2
improved. In L3, the children’s performance plummeted marginally at T2 and
T3, but almost recuperated back to where it was at T1 at T4 (74%). Hence, L2
and L3 scores largely overlapped at T4. Comparing children and adults in their
performance descriptively, adults did better in both languages at all testing
times but T1, where both groups performed equally well in their L3.

Adults Children

LA

o

B L2
=

Mean accuracy scores
=3
o

o
~

0.2-
T T2 T3 T4 T T2 T3 T4
Testing time

Figure 3. Development of L2/L3 accuracy scores per group.

5.2. Modelling L3 accuracy scores

After plotting and inspecting the dataset descriptively, the L3 accuracy scores
were fitted to generalized linear mixed-effects models to assess the effect of
group, testing time, and L2 accuracy on the ability to discriminate between /v/
and /w/ in L3. Table 5 displays the accuracy model outputs. Note that odds
ratios below 1 indicate a lower estimated accuracy score than the reference
value, while those above 1 suggest a higher one (reference values were se-
lected according to alphabetical order, i.e. “Adults” for Group, “T1” for Test-
ing time, “ABA” for Condition, and “initial” for Position). It was decided to
present both models here, one including Mean L2 accuracy as a predictor (Ac-
curacy model 2) and one without (Accuracy model 1), as they show partially
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different results. It should be pointed out, however, that including this factor
did not improve the model fit significantly (p = 0.2362).

The major differences between the two models are the main effect of
Group as well as significant developments according to testing time in the first
model. According to both models, children had lower L3 accuracy scores than
adults, but this difference only reaches statistical significance in the first model
(B=-1.19, SE=0.48, z=—2.54, p = 0.011). While there was no significant
development over time in either of the groups when comparing adjacent test-
ing times in model 2, in model 1 the adults improved significantly from T1 to
T2 (B =0.68, SE =0.33, z=2.87, p = 0.036) as well as from T3 to T4 (f =
1.04, SE=0.36,z=2.09, p=0.004), and the children’s accuracy score dropped
significantly from T1 to T2 (B = —1.29, SE = 0.42, z=-3.08, p = 0.002). In
terms of the task-internal factors examined here, everyone performed better on
medial-position contrasts than on initial-position ones’ according to both mod-
els, although the effect is only significant for the younger group of learners in
model 2 (f = 0.64, SE = 0.32, z = 2.00, p = 0.045). However, both models
indicate different effects for the groups in relation to trial condition. Whereas
the adults’ accuracy scores were significantly higher when the items are pre-
sented in the ABB order as opposed to the ABA order in both models (= 0.56,
SE =0.24, z = 2.35, p = 0.019), the effect was the opposite for the children,
although only significantly so in the first model (B = —0.61, SE = 0.30, z =
—2.04, p = 0.042).

Interestingly, although adding Mean L2 accuracy in the second model im-
pacted the significance of some of the detected effects, its effect on the L3
accuracy scores is not entirely straightforward. There is no main effect or in-
teraction with Group; however, there is a significant three-way interaction of
Group, Mean L2 accuracy and Testing time when comparing T3 to T2 (B =
3.55,SE=1.69,z=2.10, p=0.035). The effect plot of this three-way interac-
tion (created with the effects package in R, Fox 2003) in Figure 4 helps inter-
pret this result. For testing time T2, the model suggests that L3 accuracy scores
and mean L2 accuracy scores are inversely connected for the younger learners,
which is neither the case for the adults at this testing time nor for the younger
learners themselves at T3. The figure also visualizes why generally no main
effect for Mean L2 accuracy on L3 accuracy scores was found — the regression
lines either have only gentle slopes or are entirely flat at most other testing
times.

7 The same trend (medial>initial position) was found for L2 accuracy scores.
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Table 5. L3 accuracy model output.
Accuracy model 1 Accuracy model 2
(without L2 accuracy) (with L2 accuracy)
. Odds Odds
Predictors Ratios CI p Ratios CI p
(Intercept) 508 2.13-12.08 <0.001 291 0.88-9.59  0.08
groupChildren 031 0.12-0.76 0.011 048 0.13-1.76  0.267
T2-T1 198 1.04-3.76 0.036 0.54 0.04-—7.43 0.647
T3-T2 0.55 0.29-1.06 0.073 2.03 0.18-22.44 0.563
T4-T3 284 1.39-579 0.004 097 0.10-9.54 0.976
positionMedial 1.53 0.68-3.44 0.305 142 0.62-326 041
conditionABB 1.75 1.10-2.79 0.019 1.63 1.00-2.66 0.049
groupChildren:T2-T1 0.28 0.12-0.63 0.002 2.64 0.16—43.94 0.499
groupChildren:T3-T2 1.81 0.81-4.05 0.15 0.13 0.01-2.09  0.151
groupChildren:T4-T3 0.5 0.21-1.20 0.121 2.86 0.20-42.01 0.443
groupChildren: 4 71 994 310 0078 1.89 1.01-3.54  0.045
positionMedial
roupChildren:

O htoaagp 034 030-098 0042 056 031-1.04  0.066
L2 acc 2.16 0.70-6.70  0.181
groupChildren:L2_acc 0.53 0.14-2.03 0.353
T2-T1:L2 acc 499 0.21-117.13 0.318
T3-T2:L2 acc 0.2 0.01-3.29  0.259
T4-T3:L2 acc 386 0.28-5397 0315
groupChildren:T2-T1:L2_acc 0.04 0.00—1.26 0.067
groupChildren:T3-T2:L.2_acc 3481 1.27-950.77 0.035
groupChildren:T4-T3:L.2_acc 0.11  0.00-2.77 0.18
Random Effects
62 3.29 3.29
700 0.49 Participant 0.45 Participant

0.15 Minimal_pair 0.15 Minimal_pair
ICC 0.16 0.16
N 14 Participant 14 Participant

6 Minimal pair 6 Minimal pair
Observations 1343 1343
Marginal R2 / 0.137/0.277 0.156 /0.288

Conditional R2
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Figure 4. Effect plot for L3 accuracy: Group Testing time Mean L2 accuracy.

5.3. Descriptive statistics: Response time

Table 6. Mean (SD) of response times in milliseconds.

Tl T2 T3 T4
Adults L2 385(352)  332(221)  395(273) 393 (252)
L3 453(300)  383(288)  418(385) 373 (237)
Children L2  642(579)  559(443) 503 (433) 432 (376)
L3 431 (264)  492(418) 443 (314) 387 (231)
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Table 6 details the mean and standard deviations of the untrimmed response
times in milliseconds (for accurate responses only) for both groups and lan-
guages across all testing times. The groups showed somewhat distinct learning
trajectories (also see Figure 5). For the adults, L2 and L3 response times were
similar from the very beginning and seemed to align even more over time.
Initially, they were marginally faster in their L2. At T3 and T4, the difference
shrunk further. While there was a slight downward trend of L3 response time,
the adults’ L2 performance remained relatively stable. The children, on the
other hand, started off fairly slow in their L2 but became faster over time,
decreasing from T1 to T4 by more than 200 ms on average. Mirroring the ac-
curacy score findings, the children performed much better in L3 than L2 at T1,
but this language effect flattened afterwards. From T2 onwards, response times
were increasingly aligned; the difference between L2 and L3 decreased stead-

ily.

Adults Children
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< B
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Figure 5. Mean response time per group and language.

5.4. Modelling response time trajectories in L3

Table 7 shows the model output of the log-transformed L3 response times (ref-
erence values were again selected according to alphabetical order, i.e. “Adults”
for Group, “T1” for Testing time, “ABA” for Condition, and “initial” for Po-
sition). This time only the model including the factor Mean L2 accuracy is
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Table 7. Response time model output.

Response time model

Predictors Estimates CI P
(Intercept) 5.69 5.44-593 <0.001
groupChildren 0.05 -0.27-0.36 0.775
positionMedial 0.09 0.00-0.18 0.058
conditionABB 0.09 0.01-0.17 0.034
T2-T1 -0.73 -1.37--0.09 0.028
T3-T2 0.72 0.10-1.35 0.028
T4-T3 0.49 -0.16—1.13  0.142
L2 acc —0.04 -0.31-0.22 0.749
groupChildren:positionMedial —-0.01 -0.14-0.12  0.903
groupChildren:conditionABB —-0.09 -0.21-0.03 0.122
groupChildren:T2-T1 0.53 -024-129 0.18
groupChildren:T3-T2 -0.67 -1.47-0.13  0.107
groupChildren:T4-T3 -0.78 -1.60-0.04  0.066
groupChildren:L2_acc 0.04 -0.29-0.38  0.798
T2-T1:L2 acc 0.64 -0.04-1.32  0.065
T3-T2:L2 acc —-0.87 -1.55--0.19 0.015
T4-T3:L2 acc —-0.43 -1.12-0.26 0.221
groupChildren:T2-T1:L2_acc -0.5 -1.35-0.35 0.248
groupChildren:T3-T2:L.2_acc 0.91 0.00 — 1.81 0.052
groupChildren:T4-T3:L2_acc 0.81 -0.11-1.72  0.086
Random Effects

o2 0.21

T00 participant 0.03

100 Minimal pair 0

T11 participant. 1. Testing timeT2 0.12

T11 participant. 1. Testing timeT3 0.09

T11 participant. 1. Testing timeT4 0.05

PO1 participant. 1. Testing_timeT2 -0.85

PO1 participant. 1. Testing_timeT3 —0.67

PO1 participant. 1. Testing timeT4 —-0.69

ICC 0.14

N Minimal_pair 6

N Participant 14

Observations 989

Marginal R2 / Conditional R2 0.054/0.184
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Figure 6. Effect plot for L3 RT: Group x Testing time x Mean L2 accuracy.

presented, because it was significantly better than the one without (p =
0.0128). There was no significant group difference in how fast the participants
responded accurately (children were predicted to be marginally faster than the
adults). While the adults responded faster from T1 to T2 (B =—0.73, SE=0.39,
t(112) = —2.28, p = 0.028), and then slower from T2 to T3 (B = 0.72, SE =
0.32, t(58) = 2.26, p = 0.028), there was no significant development over time
for the children when comparing adjacent testing times. The position of the
sound within the word did not have a significant impact on response times
according to the model. However, trial condition did have an effect on the
adults, who were faster in the ABA condition (§ = 0.09, SE = 0.04, t(932) =
2.12, p = 0.034). The adolescents, in turn, responded faster to ABB items, al-
though not significantly so. No main effect of Mean L2 accuracy was found,
only a significant interaction with testing time comparing T2 and T3 for the
adults (B = —0.87, SE = 0.35, t(71) = —2.50, p = 0.015). The effect plot (see
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Figure 6) reveals that T2 was the only testing time where higher L2 accuracy
scores corresponded to longer L3 response times for the adults. Finally, it
should be pointed out that the model yields a low R? score, which indicates
high inter- and perhaps even intra-learner variability that cannot be explained
by the factors measured here.

6. Discussion
6.1. Relationship between the non-native languages

It was predicted that if the /w/—/v/ contrast can be distinguished consistently
in L2 English, it will also be discerned in L3 Polish and vice versa, so that a
participants’ L2 mean score would emerge as predictor for their L3 perfor-
mance in the accuracy and response time models. This hypothesis could not
be upheld according to either of the models, as no main effect of Mean L2
accuracy on L3 performance was found. Some of the significant interactions
with Group and Testing time identified in the models suggest that, especially
for the children, the relationship between L2 and L.3 was dynamic and evolved
over time, sometimes indicating a positive relation and at other times perhaps
even a competitive one.

However, it should also be noted that both groups generally started off
with fairly high L3 accuracy scores even at T1, after only a few weeks of ex-
posure to the novel language. This can tentatively be interpreted as evidence
for the multilinguals’ reliance on their existing linguistic repertoire when
learning a new language, like other studies such as Onishi (2016) have found.
The learners’ familiarity with the contrast through their L2 English might have
given them a head start in learning this contrast in their L3, as Wrembel et al.
(2019) have suggested in their adaption of PAM-L2 for multilingual learners.
Of course, in order to substantiate this claim, it would be necessary to test a
control group to see if they perform differently on this contrast.

Yet, it cannot be dismissed that a task such as the one administered here
may also tap other cognitive abilities including, for example, the phonological
short-term memory (PSTM), which refers to the retention of verbal infor-
mation over short periods of time (Dewaele 2013). This route of argumentation
entails that PSTM would be a powerful predictor of L3 perceptual accuracy
scores at the initial stages, independently of the learners’ L2 abilities. Some
support for this lies in the observation that adults perceived the contrast more
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faithfully when the last two words that they heard where the same (ABB con-
dition) than when the first and the last words were identical (ABA condition),
whereas there was less of an effect for the children. It would be difficult,
though, to disentangle these factors even with the help of partial correlations,
since PSTM has frequently been identified as a salient predictor of foreign
language pronunciation aptitude (Dewaele 2013). However, it should be
pointed out that the reasonably long inter-stimulus intervals used here are
thought to target phonological categorization and processing (Strange and
Shafer 2008), and that the results are thus still likely to reflect the learners’
categorical representation of the /v/—/w/ contrast. It would nonetheless be in-
teresting for future research to measure PSTM and other cognitive functions
as a correlate or confound of L2/L3 performance at the initial stages.

6.2. Development over time

Based on PAM-L2’s premise of a continual refinement of perception with in-
creasing exposure, it was hypothesized that both learner groups may start no-
ticing an abstract structural proximity for the /v/—/w/ contrast between their L2
and L3 with increased (L3) learning experience, resulting in a more accurate
and consistent performance in both of their foreign languages over time. This
prediction can only be partially confirmed. For the adults, an upward trend was
visible for both languages, and it is reasonable to assume that the participants
processed the contrast similarly in both languages from the very beginning of
L3 learning. The children’s performance, on the other hand, was more variable
across testing times in both languages. Especially their T1 performance was
noteworthy regarding both accuracy scores and response time: They were
more accurate and faster in discriminating between /v/ and /w/ in their L3 than
in their L2, despite the fact that they had only received a few hours of L3 input
at that point. This positive “novelty effect” of the L3 gives reason to assume
that the younger learners did not automatically assimilate the sounds in the
very initial stages of language learning. The unfamiliarity with the tested items
may have helped them focus on the acoustic cues presented to them, and per-
haps different processing or phonological skills were tapped as a result. An-
other interesting observation about their perceptual development was that at
T2, 10 weeks into L3 learning, their L2 score dropped down to chance level.
A possible interpretation would be that their L2 subsystem was affected by the
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exposure to their new language, and they were temporarily “confused”. How-
ever, with more time and input, the novelty effect as well as the confusion
waned, and by the end of the schoolyear, they performed fairly similarly on
this contrast in their two non-native languages.

Generally, such variable trajectories of L2 and L3 phonological learning
are not surprising. Longitudinal studies such as the one conducted by Ko-
peckova, Gut & Golin (2019) have provided evidence that the development of
(multilingual) speech production is non-linear, even more so for children than
for adults, and that (non-native) languages are likely to interact over time. In-
teractions can be complex and dynamic, and the absence of aligned L2 and L3
scores does not necessarily mean that languages do not influence each other.

6.3. Child-adult comparison

The previous subsection already mentioned child-adult differences regarding
distinct learning trajectories. But what about a direct comparison of their abil-
ity to perceive the non-native /v/—/w/ contrast? It was predicted that the adults
would outperform the younger participants, since they were more experienced
and cognitively more advanced learners with quantitatively greater exposure
to the contrast through their L2. This hypothesis can be largely confirmed with
regard to accuracy scores, which were higher at all testing times in both lan-
guages. A significant main effect of group was only found in the model without
Mean L2 accuracy, though. L2 performance presumably correlated with Age
group, so when it was added to the analysis, it took some of the explained
variance from the Age group factor, therefore watering down or concealing its
effect.

However, no group difference in favour of the older learners could be iden-
tified with regard to response times. Lending further support to the existence
of some kind of positive novelty effect that only exists for the children, they
were even marginally faster than the adults in discriminating between the con-
trast in the very initial stages of L3 learning. It is thus reasonable to assume
some age-related processing differences in perceptual learning of adults and
adolescents, also considering the different effects of trial type and contrast po-
sition that were found for the groups.
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6.4. Limitations

It goes without saying that there are some limitations to this study that ought
to be considered carefully when interpreting the findings. First of all, the fac-
tors included in the models only explained a small part of the variance and
thus pointed to a great overall variability in the performance of both groups.
This illustrates that phonological learning is a highly variable and complex
process which is probably guided by a multitude of confounding factors that
can also be age-related, such as learning context, motivation, type of input,
previous language knowledge, etc. What exactly these factors are remains to
be established in future studies. Therefore, any strong interpretations concern-
ing the adults’ more consistent performance as merely a function of age or
maturation should be avoided. After all, the adults in this study were (in addi-
tion to most likely being more cognitively advanced) more experienced lan-
guage learners with higher L2 language proficiency. Furthermore, it is unclear
what happens after the first year of L3 learning. Some studies in formal learn-
ing contexts suggest that age effects in favour of young learners “may not
emerge until a substantial amount of input has been gained” (Larson-Hall
2008: 35).

It should also be stressed that the sample of learners was very small with
only seven participants in each group, which evades making any sweeping
generalizations from the individual participants in this study to a larger popu-
lation of adolescent and adult learners. Another inherent limitation concerns
the lack of an objective measure of (global) L2 proficiency and exposure in
this study. The two age groups were not matched in that regard and, as stated
above, this weakens any claims of performance differences existing due to
age-related processing differences, for instance, as prior language experience
might well be responsible here.

7. Conclusion

This work investigated age differences in multilingual perceptual develop-
ment. The findings are largely in agreement with previous age research con-
ducted in formal learning contexts, pointing to the advantage of older learners.
However, thanks to the longitudinal design of the study that included two non-
native languages, several novel observations have been made, such as, e.g., a
positive ‘novelty effect’ for the young L3 learners at the very initial stages and
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a non-linear path of development for both languages. Adults, on the other
hand, were more aligned on this shared non-native contrast from the very be-
ginning and improved more consistently over time. These findings highlight
the need for more (long-term) longitudinal studies with multiple participant
examinations in between.

Finally, gaining a better understanding of age differences in combination
with language proficiency regarding processing of a novel language can in-
form teaching practices and practitioners’ expectations. What is more, it can
raise their awareness for the fact that many students in their classroom are
actually multilingual and can thus draw on their other languages for support.
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