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Chapter One

Introduction

“To strive, to seek, to find and not to yield”
Ulysses, Alfred Tennyson

Listening is a domain in which we can observe that the human mind is a
seeker of patterns. In the case of native speech perception we can appreciate
how efficient the seeking of patterns may be and how effortlessly we seem
to be processing the speech signal. Speech perception in a non-native lan-
guage is more challenging: in addition to the normal filtering of environmen-
tal effects, the sound categories of the first language (henceforth L1) filter
the sounds of the second language (henceforth L.2) (Trubetzkoy 1939/69):
the L2 sounds, even if there are more of them or they are different, are per-
ceived in terms of L1 categories, or the weight of a given sound feature in
L2 is over- or underestimated. Thus far, L2 speech perception has been ana-
lyzed in terms of (a) assimilations of those L1 sounds which are similar to
L2 sounds or (b) new category formation for markedly different sounds
(Flege 1995, Best 1995, Best and Tyler 2007). Pajak and Levy (2014) postu-
late an important role for selective attention to features in L2 speech percep-
tion, which in addition to categories, might be employed in L2 speech per-
ception even if the context for using these features is different.

The present book aims to contribute to the discussion of the perceptual
foreign accent (Strange 1995: 22) by examining the hypothesis regarding
the interplay of categories and features in non-native vowel perception. The
focus will be on learners in a formal classroom setting. There are two as-
pects which will be studied. The first one is a longitudinal study of vowel
perception in second language acquisition. Specifically, the development
of perception of British English monophthongs will be studied among na-
tive Polish listeners, first-year university majors undergoing intensive lan-
guage and pronunciation training. The second aspect of non-native vowel
perception presented here will be the perception of third and foreign lan-
guage Dutch and Turkish vowels. We will try to capture non-native speech
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perception in a continuum from developing second-language perception
through third language, and finally to foreign language speech perception.

1.1. Theories of speech perception in non-native language acquisition

Several decades of research into speech perception of non-native sounds,
its relation to native perception and perception by native speakers of the
target language have shown that explaining why certain sounds are easy
and others more challenging to perceive is a complex endeavor. This sec-
tion discusses the L1 phonological filter, markedness, the Perceptual As-
similation Model (Best 1993, 1994a, 1994b, 1995, Best and Tyler 2007),
the Speech Learning Model (Flege 1995) with a special emphasis on the
feature hypothesis (McAllister, Flege and Piske 2002), the Native Lan-
guage Magnet (Kuhl 1994, 2000a, Kuhl, Conboy, Coffey-Corina, Padden,
Rivera-Gaxiola and Nelson 2007) and Second Language Linguistic Percep-
tion (Escudero and Boersma 2004, Escudero 2005 and 2009).

1.1.1. L1 phonological filter

L2 learners do not start to learn and perceive L2 in a vacuum. Theories of
second language speech perception assume that the perception of L2 pho-
netic segments is heavily influenced by the L1 phonological system.
Trubetzkoy (1939/69) claimed that L1 phonology acts as a “sieve” for
acoustic differences in the L2 that are not present in the L1. Non-native
speech sounds are incorrectly interpreted, because they pass through the
filter of native phonology. Weinreich (1963), Briere (1966) and Wode
(1977) assumed that L.2 learners identify .2 sounds as L1 sounds even if
they are different. The Speech Learning Model (Flege 1995) changed the
approach to the role of the L1 by introducing the concept of equivalence
classification.

Michaels (1974) put forward a hypothesis that the relative importance
of distinctive features may vary depending on the language, and influence
L2 speech perception. Sebastian-Gallés and Soto-Faraco (1999) claimed
that children learn to weigh acoustic features of speech optimally for their
L1. L2 speech will be perceived in terms of L1-specific feature weightings.

If the L1 acts as a phonological filter then adult listeners find it chal-
lenging to discriminate non-native contrasts which are not present in the
L1. For example, Japanese listeners distinguish between English /t/ and /1/
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at the chance level, as Japanese does not involve this contrast at the phone-
mic level (Goto 1971, Miyawaki, Strange, Verbrugge, Liberman, Jenkins
and Fujimara 1975, Best and Strange 1992).

The concept of phonological deafness was extended beyond the level
of segments to new types of suprasegmental and phonotactic deafness
(Dupoux and Pepperkamp 2002).

1.1.2. Markedness

Apart from the fact that certain categories might be absent in the L1 and
present in the L2, or that features may not play a role in the L1 and be active
in the L2, or that features may play a role in different domains in both lan-
guages, cross-linguistic transfer might also depend on the markedness/nat-
uralness of a given phenomenon. The Contrastive Analysis Hypothesis
(Lado 1957) simply assumed that areas of difficulty might be predicted on
the basis of comparison of the L1 with the L2 — what is different will be
difficult. The Markedness Differential Hypothesis (Eckman 1977) speci-
fied that only those areas which are different and more marked in the L2
will be difficult to acquire. Markedness was defined in the following way:
“A phenomenon A in some language is more marked relative to some other
phenomenon B, if, cross-linguistically, the presence of A in a language im-
plies the presence of B, but the presence of B does not necessarily imply
the presence of A” (Eckman 1981: 211). Dziubalska-Kotaczyk (1990) em-
ployed relative markedness in a Natural Phonological model of second lan-
guage acquisition and Schmid (1997) elaborated on the idea and proposed
the Naturalness Differential Hypothesis.

1.1.3. Perceptual Assimilation Model

The Perceptual Assimilation Model (PAM) (Best 1993, 1994a, 1994b, 1995,
Best and Tyler 2007) assumes that speech perception depends on recognizing
phonological distinctiveness and phonological constancy within a language.
When learning a non-native language, learners should shift their attention to
higher-order phonetic invariants that distinguish one category from another
in that language, and ignore information irrelevant for a given non-native
contrast, even it signals a contrast in the L1. The major tenet of PAM is that
discrimination varies depending on how contrasting non-native phones are
categorized and goodness-rated in terms of native language phonological
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categories. In the case of Two-Category assimilation, namely when two non-
native phones are assimilated to two different native phonological categories,
discrimination is expected to be excellent. Discrimination is predicted to be
poor, however, in Single-Category assimilation; the L2 phones are heard as
equally good or poor versions of the same native phonological category. Al-
ternatively, when two L2 phones are assimilated to the same L1 phonological
category, but one of them is judged to be a better exemplar of it than the
other, which is called category goodness assimilation, discrimination rates
are expected to be worse than in the case of a Two Category assimilation
type, but better than in the case of a Single Category. An L2 phone can also
be uncategorized in terms of L1 phonemes. This happens when an L2 phone
is assimilated to a comparable extent to two or more L1 categories. Such a
scenario yields either Uncategorized-Uncategorized contrasts or Uncatego-
rized-Categorized contrasts. Discrimination rates in Uncategorized-Uncate-
gorized contrasts were first hypothesized to vary from poor to excellent, de-
pending on the phonetic similarities between the two L2 phones and to the
phonological categories in the L1, but they have now been elaborated on by
Faris, Best and Tyler (2016; see below). Discrimination of Uncategorized-
Categorized contrasts should be very good, as they cross a category boundary
in the L1. Similarly, for non-assimilable phones, predictions are based on
their non-speech auditory similarity, though non-assimilable vowels are un-
likely to exist as Tyler et al. (2014 p. 6) noticed.

In contrast to previous research on language-specific tuning in speech
perception which primarily examined consonants, Tyler et al. (2014) tested
American English speakers’ perception of six non-native vowel contrasts.
Their aim was to see whether non-native vowel perception is governed by
the same principles as postulated by PAM and the Natural Referent Vowel
framework (Polka and Bohn 2003, 2011). They showed that vowel discrim-
ination depended on assimilation patterns as predicted by PAM. Asymme-
tries hypothesized by the Natural Referent Vowel framework, however,
were found only in the case of Single Category assimilations. This finding
was taken to suggest that assimilation types might influence the ways in
which peripheral vowels affect vowel perception. Non-native vowel con-
trasts which cross a phonological boundary, that is Two Category and Cat-
egorized-Uncategorized assimilation types, mitigated the effects of vowel
peripherality on perceptual asymmetries. Tyler et al. (2014) therefore con-
cluded that peripheral vowels may influence adult non-native vowel dis-
crimination when native phonological distinctions do not interfere, as in
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the case of Category Goodness, Single Category and Uncategorized-Un-
categorized assimilation types.

Second language category formation is assumed to depend on the de-
gree of perceived differences between L1 and L2 phones (Best 1995, Flege
1995, Best and Tyler 2007). In the case of uncategorized non-native
phones, the degree of perceptual overlap between the sets of native catego-
ries used to assimilate each phone from the L2 pair should then be crucial
for predicting category formation. Faris, Best and Tyler (2016) examined
Egyptian Arabic listeners’ perception of Australian English vowels. Be-
cause of vowel repertoire differences between Egyptian Arabic (10 vowels)
and Australian English (19 vowels) they found numerous examples of
phones which were not assimilated to a single L1 category above a prede-
fined threshold of e.g. 50% or 70%, i.e. uncategorized phones. They
showed that the uncategorized phones vary in the way they map onto a
native phonological system. When a non-native phone is perceived as sim-
ilar to one native category, but categorized below a categorization thresh-
old, it is called uncategorized focalized. When a non-native phone is per-
ceived as similar to a small set of native categories, the responses are
termed clustered. In the case of dispersed responses, numerous native cat-
egories are randomly chosen as targets, suggesting that a non-native phone
is not similar to any of the native categories.

In PAM (Best 1995), discrimination accuracy for Uncategorized-Uncat-
egorized assimilation types was predicted to vary from poor to moderate,
depending on the similarity of the two non-native phones to the same set of
native phones and the similarity of the two phones. Distinguishing between
the three uncategorized assimilation types allowed Faris et al. (2016) to draw
more precise discrimination predictions for Uncategorized-Uncategorized
assimilation types. Under the assumption that each of the uncategorized
phones in a pair is assimilated to a different native category or a set of cate-
gories, phones in the focalized-focalized assimilation type should be rela-
tively easy to discriminate, followed by focalized-clustered, clustered-clus-
tered, focalized-dispersed, clustered-dispersed, and finally dispersed-dis-
persed which are predicted to be the most difficult to discriminate.

As the degree of overlap between the categorization of L2 phones to L1
categories also influences discrimination performance (Tyler et al. 2014),
Faris et al. (2016) postulate separate assumptions for uncategorized phones
which are perceived as similar to the same set of categories in L1. Focalized
and clustered contrasts that are assimilated to the same set of L1 categories
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(i.e. completely overlapping) will be less discriminable than focalized or
clustered contrasts assimilated to a different set of native categories (i.e. non-
overlapping). Non-overlapping phones will be more easily discriminated be-
cause of the perceived phonetic similarity of each non-native phone to a dif-
ferent set of native categories. Focalized or clustered contrasts which par-
tially overlap will be less discriminable than non-overlapping contrasts and
more discriminable than the completely overlapping contrasts.

The results of Faris et al. (2016) also inform PAM-L2. As in the case of a
new L2 phone in the Speech Learning Model (Flege 1995), in dispersed as-
similations L1 categories do not interfere, because listeners do not detect L1
category invariants in the L2 phones. This makes it possible to form a new
phonological category. In the case of focalized and clustered assimilations, the
degree of overlap with contrasting L.2 phones will affect the chances of form-
ing a new category. A new L2 category will likely be formed if the focalized
or clustered phone does not overlap with any other non-native category.

The major issues to now be solved within PAM are the following: to
evaluate discrimination predictions for uncategorized phones and the influ-
ence of perceptual overlap on discrimination rates as well as new category
formation and to replace the use of an arbitrary categorization threshold
(Faris et al. 2016). The present study may not contribute to these aims, but
it uses the three uncategorized assimilation types distinguished by Faris et
al. (2016) to trace the perception of Dutch and Turkish vowels by the three
groups of Polish learners of Dutch, French and English.

1.1.4. Speech Learning Model

In the Speech Learning Model (Flege 1995), L2 sounds are classified in rela-
tion to L1 sounds in the following terms: identical, similar and new (Flege
1987a, b, 1997, Bohn and Flege 1997, Flege, Bohn and Jang 1997). An iden-
tical L2 sound is produced authentically due to positive transfer. A similar L.2
sound has a counterpart in the L1, though it differs in some way. A new L2
sound is not acoustically or perceptually similar to any of the L1 sounds and
therefore learners should easily notice that it is not a realization of a native
category. Flege (1987b, p. 48) gives an example of the French vowel /y/,
which has no counterpart in English and should be recognized a new category
by L1 English learners of French. Bohn and Flege (1992) assume that an L2
vowel is a new vowel for L2 learners if most of its realizations occur in the
acoustic phonetic vowel space which is empty in the L1, while for learners
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with a large L1 vowel inventory, few of the L2 vowels could be new. Rochet
(1995, p. 390) disagreed with these claims and suggested that new and similar
L2 sounds are those L2 phones which are perceived to be so by L2 learners
and therefore the concept of uncommitted space should only be considered in
perceptual, rather than in acoustic terms. He shows that hardly any L2 phones
can be considered new, i.e. not belonging to the same category as any of the
existing L1 sounds. Rochet (1995) proposed that categories can extend to the
limits of the next categories, so that L2 phones that are not found in the L1
inventory are nevertheless perceived as belonging to a native category or rec-
ognized as nonlinguistic sounds (clicks being an example here).

The major contribution of the Speech Learning Model lies in the for-
mulation of equivalence classification in the domain of second language
acquisition. Previously, the L1 was seen as a simple filter blocking any L2
sound properties that do not occur in the L1 (cf. section 1.1.1). Equivalence
classification is not an auditory or phonological filter for subphonemic dif-
ferences between the L1 and L2 sounds (Flege 1997, p. 16). Equivalence
classification is defined as a basic cognitive mechanism, which enables hu-
mans to perceive constant categories among physical exemplars character-
ized by the inherent sensory variability (Flege 1987a). Equivalence classi-
fication is vital in L1 acquisition, because it permits children to identify
phones spoken by different people and in different phonetic contexts as be-
longing to the same category. This mechanism, which is so important in L1
acquisition, prevents older children and adults from using auditorily acces-
sible acoustic differences between the L1 and L2 sounds. As a result, when
hearing L2 sounds older children or adults seek constancy in the sensory
information, are likely to process L2 phones as L1 sounds, and ultimately
speak the L2 with an L1 accent. According to the Speech Learning Model,
one’s phonetic system may be influenced by all audible acoustic differences
between the L1 and L2 sounds, including the ones which are not perceptu-
ally available (Flege 1987a, p. 16). L2 learners may not perceive the differ-
ences between the L1 and L2 sounds, not because they are unable to detect
them, but because of equivalence classification.

The existing phonetic categories may be altered to better accommodate
the acoustic properties of similar L1 and L2 sounds. Even when equivalence
classification has blocked new category formation, learners may eventually
perceive differences between the L1 and L2 sounds. The process is generally
slow and limited by influences from both languages. This happens in the case
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of a diaphone or merged category characterized by bidirectional cross-linguis-
tic influence. Such a scenario is given as an explanation of the fact that Italian
learners of English pronounce English voiced plosives with compromised
VOT values in both Italian and English. The assumption that a phonetic sys-
tem develops even in adulthood as a result of the L2 input differentiates the
Speech Learning Model from previous theories.

Flege’s Speech Learning Model (Flege 1995) hypothesizes that the
smaller the perceived phonetic distance between an L1 and an L2 vowel,
the more challenging it will be for the learner to establish a new category
for the L2 sound. The Speech Learning Model does not claim that equiva-
lence classification is an auditory or phonological filter for subphonemic
differences between L1 and L2 sounds (Flege 1997). Rather, the Speech
Learning Model states that one’s phonetic system may be influenced by all
audible acoustic differences between L1 and L2 sounds, “even those that
are not available perceptually” (Flege 1987a, p. 16). Perception of the dif-
ferences may be blocked by equivalence classification, not necessarily by
the inability to detect auditory differences.

Accurate perceptual targets are important in the Speech Learning Model
because they control the sensorimotor learning of the L.2 sounds (Flege 1995,
p.- 238). Long-term memory representations called phonetic categories in-
clude specification of the sounds of speech. L1 and L2 categories are com-
pared at the level of position-sensitive allophones, which is not as abstract as
the phoneme level. Phonetic categories can evolve as a result of the L2 input
when the L2 phones are identified as belonging to a given L1 category. Bi-
linguals have one phonological space for all the L1 and L2 categories they
have formed and they will try to maintain the contrast between them. Learn-
ers are more likely to discern the sounds and form a new category when they
perceive an L2 sound as phonetically dissimilar to the L1 sounds. Even when
anew category has been formed for an L2 sound, its specifications can differ
from a monolingual’s, if the category is altered to maintain contrast with
other categories in a common L1-L2 phonological space or if the learner uses
other features or feature weights as compared to the monolingual.

1.1.5. Feature hypothesis and its extension
The fifth hypothesis in Flege’s (1995) Speech Learning Model states that

category formation for an L2 sound may be blocked by equivalence classi-
fication. McAllister, Flege and Piske (2002) further developed that idea and
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proposed the feature hypothesis: the L2 features which are not used as con-
trastive ones in the L1 will be difficult to perceive for the L2 learners. Con-
sequently, forming an L2 category may be blocked if the category crucially
depends on a feature which does not have a distinctive function in the L1.
The results of the study by McAllister et al. (2002) demonstrated that the
acquisition of short and long vowels in L.2 Swedish depended on the status
of the duration feature in the subjects’ L1s. Learners with L1 Spanish,
which does not use a duration feature at all, found the contrast the most
challenging. Their results were only slightly worse than the results for Eng-
lish subjects, who use duration only as a secondary cue in their L1. Estonian
learners, whose L1 uses vowel duration contrastively, were significantly
more successful.

The feature in the Speech Learning Model (Flege 1995) and feature hy-
pothesis (McAllister et al. 2002) cover both distinctive phonological fea-
tures and phonetic non-distinctive features.

Aoki and Nishihara (2013) extended the hypothesis to cover the diffi-
culty in acquiring features which are not active in previously acquired lan-
guages. In their experiment, they tested VOT values as produced by L1
Japanese learners of L2 English (more than six years of instruction), some
of whom had learned Chinese as their L3 for one to four years. Japanese
does not have aspirated consonants, while aspiration in English is wide-
spread though it has an allophonic status only, whereas in Chinese it has a
distinctive function. Subjects were asked to read carrier sentences in Eng-
lish with words containing aspirated and unaspirated stops. The results re-
vealed that the VOT difference was sufficient in the case of an English con-
trol group and Japanese learners of English who had Chinese as their L3,
but not in the case of Japanese learners of English who had not learned
Chinese. Therefore, Aoki and Nishihara (2013) extended the feature hy-
pothesis to claim that a non-native feature is easy to acquire if it is used in
any acquired language, regardless of the bilingual or monolingual environ-
ment, the order of acquisition of non-native languages or the level of pro-
ficiency in the source and target language. They did not comment further
on the distinctive function of a given feature, but it seems that VOT difter-
ences functioning as secondary cues in English were not as robust as pho-
nemically distinctive VOT differences in Chinese.
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1.1.6. Native Language Magnet

Although initially developed to account for the transition from auditory to
language-specific perceptual processing, the Native Language Magnet
(Kuhl 1994, 2000a) and the expanded Native Language Magnet model
(Kuhl et al. 2008) claim, with regard to L2 speech acquisition, that the most
often activated phonetic representations begin to act as magnets for other
members of the category in the L1 but at the same time they reduce foreign
language phonetic abilities. The scenario of early speech perception devel-
opment, which accounts for the way infants form native phonetic categories
thanks to ambient language experience, is as follows. Initially, due to gen-
eral auditory processing mechanisms, infants are able to differentiate all
sounds of human speech (Kuhl 1991b). The first phase lacks a speech spe-
cific mechanism. Secondly, infants develop sensitivity to the distributional
patterns and exaggerated cues of infant-directed speech. At the end of phase
two, the perception of native language phonetic cues is enhanced, whereas
discrimination of non-native contrasts is reduced. Experience warps per-
ception and produces a distortion which causes desensitization near cate-
gory modes and boosts sensitivity at category boundaries (Kuhl 1991a,
Iverson, Kuhl, Akahane-Yamada, Diesch, Tohkura, Ketterman and Siebert
2003). With growing experience, prototypes based on the representations
which are most often activated start to act as perceptual magnets for the
sounds identified as belonging to a given category and they increase the
perceived similarity between realizations of the category. In phase three,
the enhanced speech perception skills further boost three skills which in-
fants need for word acquisition: the detection of phonotactic patterns, the
detection of word-like units, and the association between sound combina-
tions and objects. Awareness of phonotactic distinctions is improved by
learning phonetically similar words. Lastly, experience with ambient lan-
guage results in relatively stable neural representations, which are not eas-
ily shifted by new input. Short periods of listening to a non-native language
do not automatically form new neural structures. The perceptual magnet
effect, which facilitates native language processing, reduces sensitivity to
L2 contrasts, as perceptual mapping in L1 creates “a complex network, or
filter, through which language is perceived” (Kuhl 2000a, p. 11854). Per-
ceptual attunement to L1 categories interferes with L2 speech perception
because one cannot separate L1 and L2 mappings, or categories, and L1
category mappings influence L2 category processing.
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1.1.7. Second Language Linguistic Perception Model

The Second Language Linguistic Perception Model (Escudero and Bo-
ersma 2004, Escudero 2005 and 2009) was designed to describe, predict
and explain L2 perception from the time individuals are not yet learners,
through the time when they begin to learn the L2 and the developmental
state, to the final stage in learning the L2. The initial state is claimed to be
a copy of the L1 system, which determines the individual’s learning tasks
in L2 development. According to the Second Language Linguistic Percep-
tion Model, the initial state is defined on the basis of a detailed acoustic
comparison of the production of native and second language sounds.

The learning task depends on the transformations which need to take
place between the initial state and the target L2 perception. The model’s
predictions resemble those of the Perceptual Assimilation Model (Best
1995, Best and Tyler 2007) — both models are interested in contrasts, rather
than in individual categories. An L2 contrast is considered new when the
two L2 sounds are categorized to the same native language category. In the
case of such a new scenario, the learner’s task is to create a new category
for one of the L2 sounds or split the existing category. When two L2 sounds
are heard as two separate L1 categories, we have a similar scenario, in
which learners are not expected to form new categories. Their task then is
to shift the boundaries of categories to accommodate the L2 sounds. Cate-
gory shift is considered to be an easier endeavor than category formation
or category split. The third option is a subset scenario, in which an L2 sound
is heard as more than one native category. The multiple category assimila-
tion should be less challenging than the new scenario, because no new con-
trasts should be formed in the L2, and discrimination is expected to be high.
This scenario may, however, be challenging when an L1 contrast is active
during the acquisition of an L2 without this contrast, which may lead to
over-differentiation at the word level.

The Second Language Linguistic Perception Model assumes that percep-
tion development can be based on either distributional learning or on lexical-
or meaning-driven learning. Escudero and Williams (2014) showed that dis-
tributional learning, which is a statistical learning mechanism based on the
relative frequency of exposure to auditory stimuli that form a continuum
along an acoustic dimension covering two L2 categories, proved beneficial
for non-native sound discrimination over 12 months. Bimodal distribution,
where the extreme tokens in the continuum are most frequently presented, or
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enhanced bimodal distribution, where the F1 and F2 were exaggerated, were
more effective than unimodal distribution, where the tokens from the middle
of the continuum were most frequently presented.

The second type of perception development is meaning-driven (van
Leussen and Escudero 2015). Perceptual and lexical learning are inter-
twined. Lexical processing can either be bottom-up or interactive, i.e. prof-
iting from lexical information. Computational simulations in van Leussen
and Escudero (2015) showed that both strategies lead to adequate recogni-
tion in the L2, but the simulated learners using an interactive processing
strategy needed less exposure to L2 words.

The end state in the Second Language Linguistic Perception Model is the
ultimate attainment learners can reach, but the attainment may not or does
not need to match the L2. How quickly a learner reaches the final state de-
pends on the specific learning tasks (new, similar or subset scenarios) and on
richness of the input. The model predicts that L1 perception may only be
influenced by the L2 input, if there is little L1 input. At this stage the learners
are hypothesized to have two different grammars and activation modes
which allow for optimal native perception and optimal L2 perception.

1.2. Features

Phonologists define a distinctive feature as a feature representing a minimal
contrast between two sounds (Daunmu 2016: 8). A contrast is then defined
as the phonetic difference between a pair of sounds that can distinguish
words in a language. Such an approach has a clear advantage — those pho-
netic features which are not contrastive, such as, for example, differences
in vowels as produced by adults and children or males and females, are not
represented by features. Features are often also defined by sound classes,
in such a way that a minimal similarity that members of a sound class have
in common is a feature and a sound class is a group of sounds which un-
dergo the same phonological processes. As Daunmu (2016: 10) however
notices it is not always easy to agree which sounds belong to a sound class
and what feature they share.

In phonetics features represent the phonetic properties of sounds. Those
properties refer to articulatory gestures, acoustic or perceptual effects.
Daunmu (2016: 12) notes that it is sometimes challenging to determine
which phonetic properties are relevant or how many degrees of a feature
we should distinguish. Phonologists have traditionally used binary features
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(Jakobson, Fant and Halle 1951, Chomsky and Halle 1968), but the use of
privative, or one-valued features has also been postulated (Lombardi 1991,
1995 and Steriade 1995)*. Phoneticians are more likely to assume that pho-
netic features are gradient. Daunmu (2016) also gives examples to show
that phonetic features may need to be reconsidered in the light of infor-
mation available from contrast and sound classes. He also observes that
although according to Halle (1962 and 1995) features derived from the
three domains, i.e. contrast, sound classes and phonetic properties should
be in agreement with one another, we are still looking forward to prove it
is the case.

1.3. Features and categories in non-native language acquisition

The ontological status of features and categories assumed in this project
can be approached from many perspectives. There is a diversity of termi-
nology in the relevant literature. Flege (1995) talks about phonetic features
and phonetic categories. Best (1995) assumes higher-order phonetic invar-
iants which are necessary and sufficient for distinguishing one category
from other categories that contrast with it in the native language phonolog-
ical space — so the categories are phonological. Pajak and Levy (2014)
claim that “in addition to learning individual phonetic categories learners
are posited to make higher-order generalizations about the general proper-
ties of the set of those categories, which are also called abstract phonolog-
ical principles”. Pajak and Levy (2014) also ask questions about the ab-
stractness of these phonological principles: “do they apply only in cases
when the corresponding contrasts are phonetically similar (as is the case
with vowels and glides)? Or are they more abstract, applying regardless of
the degree of phonetic similarity between known and non-native con-
trasts?” (p. 155), favoring the second option. The present author’s view,
along Natural Phonological lines (for more recent publications see Stampe
and Donegan 2009 and Donegan 2015), is that acoustic-phonetic features
can acquire phonological status when they are used to distinguish contrasts,
1.e. phonological categories in a language. According to this view, a pho-
netic feature might become phonological in the phonological system of a
given language.

! See Backley (2011) for a discussion of the rationale for binary or privative features.
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Importantly, Natural Phonology accounts for gradience in the speech
signal by assuming that multiple factors interact in speech production. The
interacting forces encompass feature combinations, sound sequences, posi-
tion within a word, prosody and speech rate (Stampe and Donegan 2009,
Donegan 2001). No additional gradient specifications are required, because
phonetic gradience stems from simultaneous and sequential feature combi-
nations, prosodic patterns and process application.

The challenge for second language speech perception is seen in the re-
directing of attention to features which may be unimportant or non-existent
in the L1 system, but which signal phonological distinctions in the L2.
Learners should also disregard phonetic differences which may be crucial
in the L1 but do not signal a contrast in the L2. In the initial stages of L2
acquisition, L2 phonological categories are assimilated to L1 phonological
categories, where by a phonological category we understand a bundle of
acoustic/phonetic features defining a category. More refined L2 speech per-
ception entails taking out a feature listeners are familiar with from the L1
and using it in a different context in the L2 (cf. Pajak and Levy 2014) to
construct a phonological category which is appropriate or at least more ap-
propriate for the L2. The proposed project focuses on acoustic-phonetic
features, which, when used to distinguish between vowel categories, be-
come phonological.

The big questions which accompany second language speech research
concern the nature of the new category together with all sub-questions.
How can a category be altered due to non-native language acquisition? Un-
der which circumstances do learners really form new categories (as in the
case of identification of /r/ and /I/ by Japanese listeners in the study by
Flege, Takagi and Mann (1996))? Do new categories exist in the common
phonological space, as the Speech Learning Model (Flege 1995) claims?
Do we create separate phonological spaces for each of our languages, as
the Second Language Linguistic Perception Model (Escudero 2005)
claims? Does a bilingual listener have the same potential as two native
speakers of the respective two languages? It is useful to distinguish be-
tween a prototypical native speaker of one language in a generally mono-
lingual society, a non-prototypical native speaker, i.e. a bi- or multilingual
who uses more than one language on regular basis (Dziubalska-Kotaczyk
2016) and a non-native speaker who is a learner (who may eventually be-
come a non-prototypical native speaker) (Dziubalska-Kotaczyk 2016)?
What are the ways of managing categories which come from two or three
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separate language systems? There are no straightforward answers, not even
research designs which could allow researchers to ultimately resolve the
complexities, but many detailed phonetic studies can bring us closer to un-
derstanding the perception of non-native speech.

1.4. Vocalic systems

One could simply list L1 and L2 vowel categories. We can, however, also
trace the common properties of vowels in the L1 and L2 and try to identify
what distinguishes vowels in the L1 from vowels in the L2. Information
gained on the basis of L2 perception studies can shed light on the interac-
tions between categories, the features that the two sounds in question have
in common, and the features that distinguish the categories. One of the in-
teresting issues will be that some features are robust and easy to perceive,
while others fail to exert any influence on perception.

Vowels are conventionally described using three parameters: vowel
height, backness and lip-rounding (Maddieson 1984:123). The UCLA Pho-
nological Segment Inventory Database (henceforth UPSID), which is a rep-
resentative sample of 317 languages, recognizes five different heights:
high, higher mid, mid, lower mid and low. On the front/back dimension
vowels are classified as front, central or back. Finer differences in the case
of both dimensions can be resolved by representing the vowel as non-pe-
ripheral. Crothers (1978) states that the number of height distinctions is
usually equal to or greater than the number of backness distinctions. Mad-
dieson (1984: 124) makes the following observations regarding the distri-
bution of vowels in the vowel space. Mid vowels are slightly more frequent
than high vowels (40.5% vs. 39% respectively). Low vowels are the least
common (20.5%). Front vowels are slightly more numerous than back vow-
els (40% vs. 37.8% respectively), whereas central vowels amount to only
22.2%. Unrounded vowels are substantially more common than rounded
vowels (61.5% vs. 38.5%). Maddieson (1984) further analyzes the interac-
tions of vowel height, backness and lip rounding. Front vowels are predom-
inantly unrounded (94%), while back vowels are mostly rounded (93.5%).
Low vowels tend to be central (75.1%) and central vowels tend to be low
(69.4%). High front vowels are more common than high back vowels. Pro-
vided the position of the lips is unmarked (i.e. unrounded in the case of
front vowels and rounded in the case of back vowels), among mid vowels
back vowels are more frequent than front vowels. If the position of the lips
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is marked, the reverse is true: front rounded vowels are more frequent than
back unrounded vowels. There is only one case of a rounded nonback low
vowel in the UPSID.

Maddieson (1984) distinguishes between counting the number of vow-
els per language and counting the distinctive vowel qualities, based on the
basic parameters of height, backness and rounding, disregarding differ-
ences in duration, nasality or laryngealization. The latter may be more ad-
equate for indicating how intensively the basic vowel features (height,
backness and rounding) are exploited (cf. Clements 2003). Over 60% of
world languages, including Polish, have between five and seven vowel
qualities. Languages that have more than 10 vowel qualities are very rare.

The more vowel quality contrasts a given language has, the more likely
it is that it will have vowel length contrasts. The employment of both dura-
tional and quality differences encourages the distinctiveness of vowel con-
trasts (for example, the lengthening of /&/ in English should perhaps dis-
tinguish it from /e/).



Chapter Two
Selective attention to features

2.1. What in L2 speech perception cannot be explained by filtering through
an L1 phonetic category inventory

Motivation for Pajak and Levy’s (2014) study lay in the observation that
certain phenomena in L2 speech perception could not be explained with
reference to native contrasts and their phonetic characteristics. Namely,
Bohn and Best (2012) found that Danish, French and German listeners ex-
hibited better-than-native discrimination of English /w - j/ contrasts. These
results were found intriguing because nonnative listeners performed better
at discriminating English contrasts than English listeners did, and, perhaps
more surprisingly, Danish and German listeners do not even have /w/ in
their native inventory. The authors ruled out the possibility that increasing
amounts of spoken English experience could have led to the unpredictable
near-ceiling and continuous discrimination of English /w - j/ contrasts, as
in such a case the discrimination rates of non-native listeners could merely
approach the levels of discrimination of native English listeners and would
not exceed them. Previously, Hallé, Best and Levitt (1999) linked better
discrimination rates for English approximants by French rather than Amer-
ican and Japanese listeners to the fact that French has a bigger inventory of
approximants (/r, 1, w, j, y/) than English (/r, 1, w, j/) or Japanese (/r, w, j/)
and therefore French listeners may be more sensitive to approximant con-
trasts. The results of the study by Bohn and Best (2012) refuted that hy-
pothesis. Danish and German listeners, whose native approximant system
has only three categories in a syllable-initial position (/r, 1, j/), while Danish
has more allophonic approximants in medial position, discriminated Amer-
ican English /w - j/ comparably to French listeners and decidedly better
than native American English listeners. This meant that structural phono-
logical and allophonic differences related to approximants between the
three languages could not account for the results. Bohn and Best (2012)
noticed, however, that what French, Danish and German share, as opposed
to English and Japanese, is a systematic distinction between front rounded
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and unrounded vowels. The distinctive, contrastive lip rounding feature for
vowels is used in French, Danish and German, but is absent both phono-
logically and phonetically from English and Japanese vocalic systems.
Considering the fact that /j/ and /w/ are semivowels, namely short, non-
syllabic versions of the unrounded /i/ and rounded /u/, Bohn and Best
(2012) proposed that high sensitivity to lip rounding distinctions in native
vowels allows listeners to discriminate a corresponding non-native approx-
imant contrast, if that contrast is distinctively differentiated by lip rounding.
They also suggested that both PAM and SLM should be amended to ac-
count for the effects on cross-language approximant perception of the lis-
teners’ native vowel systems, i.e. not only should these models encompass
the influence of native categories and their phonetic characteristics on
cross-language perception, but they should also account for the role of pho-
nological principles in the native language system.

2.2. Selective attention to features in non-native speech perception

Non-native speech perception can be interpreted as a process involving
“learned patterns of selection and integration of those acoustic properties
of speech stimuli that are phonologically relevant in the native language”
(Strange and Shafer 2007). Recently, Pajak and Levy (2014) postulated the
important role of selective attention to features in L2 speech perception.
Selective attention to features may account for problems in discriminating
the contrasts that differ along unattended dimensions, because L1 percep-
tual weighing of the relevant acoustic and articulatory cues will influence
L2 perception. On the other hand, non-native speech perception might be
fostered if the cues that are relevant for the L1 can be used for discrimina-
tion in the L2, even if the enhancement should apply in different acoustic
and phonetic contexts in the L2. The idea that cues are reused dates back to
Clements (2003), who argued that languages reuse a limited set of phonetic
features for signaling multiple contrasts. Consequently, it seems that it is
more economical for the learner to enhance sensitivity to features which
can be reused in numerous contexts rather than enhance sensitivity to spe-
cific L1 categories. Pajak and Levy (2014) conclude that speech perception
is mediated not only by L1 phonetic categories, but also by more general
phonological principles. The issue now is to determine what exactly these
phonological principles are and how they influence speech perception.
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Pajak and Levy (2014) tested the discrimination of non-native consonant
duration contrasts by naive listeners with different L1s. They considered
length to be a suitable testing ground for selective attention to features as
both vowels and consonants can employ length-based contrasts. The subjects
were recruited from the following language backgrounds: Korean, which
uses length contrastively for both vowels and consonants; Vietnamese, where
there is contrastive vowel length; Cantonese, in which vowel length is a sec-
ondary cue that changes alongside vowel quality; and Mandarin Chinese,
where length does not play a role. They treated the informativity of a cue as
a continuum, where the cues employed for distinguishing between phono-
logical contrasts would be the most informative ones, while the secondary
and allophonic cues would be less informative, but still able to influence lis-
teners’ perceptual sensitivity. The following hypotheses were formulated re-
garding the performance in an AX discrimination of short and long conso-
nants task. If there is general enhanced sensitivity to any cues which are in-
formative in the L1 in any context, then Korean, Vietnamese and Cantonese
listeners should perform better than Mandarin speakers. If the degree of cue
informativity is vital, then the results should be gradient, depending on the
length cue status in the L1: Korean subjects should outperform both Viet-
namese and Cantonese subjects, and Mandarin subjects should have the low-
est scores. If, in turn, selective attention to features applies only to acousti-
cally or articulatorily similar segments, then only Korean listeners should
show good discrimination, as only Korean uses contrastive length for conso-
nants, whereas other groups should have equally poor results, as none of the
other languages employs consonant length. In addition to consonant stimuli
varying in length, the experiment also included control items with Polish sib-
ilants in place of articulation contrasts (alveolo-palatal and retroflex frica-
tives and affricates) which are similar to alveolo-palatal and retroflex conso-
nants existing in Mandarin. Consequently, Mandarin listeners were expected
to outperform other groups on sibilant discrimination. The stimuli in the
study consisted of Polish nonce words with consonant length contrasts and
alveolo-palatal contrasts.

The results for length contrasts were very robust. Korean, Vietnamese
and Cantonese listeners outperformed Mandarin listeners. There was no
significant difference between Korean and Vietnamese subjects, but there
were significant differences between Korean and Cantonese subjects and
between Vietnamese and Cantonese subjects. To summarize, Korean and
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Vietnamese subjects outperformed Cantonese subjects, who in turn outper-
formed Mandarin subjects. The observed pattern did not exactly confirm
any of the hypotheses, which predicted that either all subjects with length
contrasts in their L1s would perform equally better than Mandarin subjects
or gradiently better than Mandarin subjects, depending on whether their L1
uses length for vowels only (Vietnamese and Cantonese) or for both vowels
and consonants (Korean). The results, however, showed that sensitivity to
the length cue was related to the informativity of the cue in the L1. Percep-
tual sensitivity to length is boosted most when the L1 uses it as a contrastive
feature, as is the case in Korean or Vietnamese. When length is only a sec-
ondary cue to a phonemic contrast, as in the case of Cantonese, perceptual
sensitivity is raised to a lesser extent.

This author notices two issues which require further investigation. The
first concerns the role of bilingualism in selective attention to features and
sensitivity to secondary cues. All the participants in Pajak and Levy’s (2014)
study were bilingual in English and English uses length as a secondary cue
for its tense-lax or free-checked vowel contrasts. Superficially, its phonolog-
ical role seems to be similar to or only slightly less important than the role of
vowel length in Cantonese, where vowel contrasts are based on length and
quality differences. There is one Cantonese vowel pair /e-a:/ where the con-
trast is based primarily on length with small qualitative difference (Zhang
2011) and its vowels are not in complementary distribution. If L1 Cantonese
L2 English listeners were more sensitive to length differences than L1 Man-
darin L2 English listeners, it would be interesting to know whether this dif-
ference was only due to a subtle difference in the role of length in the pho-
nology of Cantonese and English, or whether the L2 is not capable of exert-
ing influence on perception, in a way similar to the one exerted by the L1.
Then the question about the role of L2 experience in the perception of non-
native contrasts and selective attention to features arises. The second issue is
related to the robustness of secondary cues for vowels. As Pajak and Levy
(2014) showed, reliance on features which are contrastive in the L1 crucially
influences perception, whereas the impact of secondary cues is weaker. Both
the role of the L2 and secondary cues will be further investigated here.

2.3. Selective attention in other domains

Pajak and Levy (2014) reported that listeners can use a phonological prin-
ciple from one class of phonemes in the L1 to perceive another class of
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phonemes in the L2, even in a different context. Listeners with an L1 which
distinguishes between short and long vowels were shown to be able to per-
ceive the difference between short and long consonants in the L2, in spite
of the fact that their L1 did not use consonant duration contrastively. Ong,
Burnham, Stevens and Escudero (2016) demonstrated that distributional
learning of lexical tones and musical pitch by naive learners leads to cross-
domain transfer. Thus, acquiring either speech or musical items distin-
guished on the basis of pitch differences results in increased sensitivity to
pitch in the other domain.

2.4. Why should we try incorporating selective attention to features when
accounting for non-native speech perception?

The major problem in speech perception research in second language ac-
quisition is that the existing models (Flege, 1995, Best 1995 and Best and
Tyler 2007) do not have much predictive power. This book aims at making
predictions as to how a given L2 sound might be perceived by a given L1
speaker more precisely by supporting current category-based predictions
with the role of features which interact with major assimilatory or magnet
forces of categories.

So far, L2 speech perception research has focused on categories; i.e.
which L2 sounds are assimilated to which L1 sounds or when and how a
new category can be formed. Recently, Pajak and Levy (2014) have postu-
lated focusing on the role of features in L2 speech perception. Actually, it
is surprising that this attention to phonological features has appeared so
late, in the light of research on L1 perception, where phonetic detectors
have been claimed to operate on features across categories, and the claims
of Major’s Ontogeny Phylogeny Model (Major 2001) about the role of pro-
cesses in second language acquisition and Natural Phonological processes
which affect a given feature (Stampe 1969, Donegan and Stampe 2009; see
also Donegan 2001 and Balas 2009 for accounts of perception). Neverthe-
less, the role of features has so far been neglected in phonetic studies on L2
perception. The idea of selective attention to features in L2 is worth exam-
ining, because the existing and predominant theories do not fully account
for L2 speech perception — we can interpret the results using SLM (Flege
1995; Best 1995), but we cannot predict how a given sound will be per-
ceived. By taking into account selective attention to features (Pajak and
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Levy 2014) or feature combinations, as this project suggests, we could ar-
rive at more precise predictions concerning L2 perception.

So far, research has concentrated on the comparison of individual sound
categories in L1 and L2. Pajak and Levy (2014) postulate examining fea-
tures as entities whose familiarity contributes to the successful perception
of L2 phonemes. This author hypothesizes that these may not necessarily
be individual features which ease L2 perception, rather they are configura-
tions of features. For example, Polish learners have many difficulties per-
ceiving English high back vowels (Bogacka 2004), although on the basis
of the L1, they are familiar with various degrees of lip rounding and higher
and lower back vowels. The challenge is that Polish does not have mid-
high back-centralized vowels. So, in fact, it is a combination of features
such as partial lip-rounding, centralization and retraction of a back vowel,
which is challenging, not the individual categories such as vowel height
and vowel centralization.

Also, L2 learners’ perception of unfamiliar non-native contrasts has not
been thoroughly studied yet. Research on foreign language perception will
allow one to distinguish between experience-tuned vs. universal phonetic
sensitivities. Studying subjects with a common L1 and different L.2s should
also allow for tertium comparationis: subjects will have a common reper-
toire of L1 sounds to refer to in forced-choice categorization and similarity
rating tasks, yet their experience with different phonological systems (due
to different L2s) should also emerge.

“If we are interested in phonetic and phonological categorization pro-
cesses, we must design studies that begin to reflect real-world stimulus and
task constraints in language processing (including those of the language
classroom and the L2 work environment) while maintaining experimental
control and rigor.” (Strange and Shafer 2008, emphasis mine). This book
focuses on advanced learners who are formally taught to speak (a) non-
native language(s). The existing research concentrates on naturalistic set-
tings in L2 acquisition. The subjects examined within this project might
show different patterns of acquisition and their results will reveal how ef-
fective formal instruction is.

The present thesis proposes that these phonological principles or pro-
cesses affecting one feature at a time combine to determine sensitivities to
the incoming speech signal in particular ways. Therefore, even if it is as-
sumed after Clements (2003) that a language reuses features, the present
project proposes that these phonological principles or processes affecting
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one feature at a time combine to determine sensitivities to the incoming
speech signal. The beneficial effects of two combined features on L2
speech perception should be greater than the use of two separate, unrelated
features. This means that reusing a feature such as vowel centralization will
be more efficient in the area of the vowel space where the L1 uses this
feature, i.e. Polish might centralize the short lax mid-high front centralized
vowel and a similar English vowel might be easily perceived. But we can-
not assume that the ease of perception will equally well apply if the process
of centralization should apply for a high-mid back centralized vowel where
L1 Polish does not boast a selection of vowels.

2.5. Research hypothesis

The proposed hypothesis is that speech perception, as reorganized in the
course of L2 acquisition, is an interplay of categories and features. It is
hypothesized that L2 speech perception is not only governed by similarity
or dissimilarity to L1 speech sound categories, as postulated by two pre-
vailing models in the field (Flege 1995, Best 1995, Best and Tyler 2007)
but that a vital role is also played by sensitivity to features used in L1, as
argued recently by Pajak and Levy (2014). Here we need to assume that
listeners are able to decompose categories into features.

Pajak and Levy (2014) showed that selective attention to features works
in the case of non-native contrast discrimination, depending on the phone-
mic or allophonic status of a given feature in the L1 as opposed to a situa-
tion where a given feature is absent from the L1 and does not positively
influence foreign consonant perception. Here, we hypothesize that features
familiar from the L1 play a role in the development of L2 perception and
that in foreign language perception features from the L1, L2 and L3 can
exert influence. The assumption is that listeners are able to decompose cat-
egories in such a way so as to isolate the features that are active in the
languages they know and use them in speech perception. As vowels are
composed of features or feature bundles and they obey some universal prin-
ciples within each system, not all logically possible combinations of vowel
features are attestable. This certainly makes testing more challenging and
interpreting the results less straightforward.

Already, an individual familiar feature which is common in the L1 and
the foreign language increases the likelithood of accurate perception of a
foreign sound, so a familiar feature cluster should increase the likelihood
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of accurate perception of an L2/L3 or foreign sound exponentially. In the
speech perception system reorganized by second language acquisition there
is a hierarchy of features. As, cross-linguistically, tongue height distinc-
tions are more numerous than tongue advancement distinctions, the tongue
height feature is expected to predominate over the tongue advancement fea-
ture. As lip rounding is a feature typical for non-low back vowels and is
marked in the case of front vowels, whereas non-low back unrounded vow-
els are even more marked, it is expected that the difficulty in perceiving the
feature [+ rounded] or [- rounded] will depend on the tongue advancement
of the examined non-native vowel.

2.6. The ideas for testing selective attention to features in second, third and
non-native languages

The idea is that this book will examine the extent to which selective atten-
tion to features can play a role in non-native speech perception. Pajak and
Levy (2014) proved selective attention to features to be at play in foreign
consonant perception. Here, it will be tested whether selective attention to
features influences the development of the L.2, and whether the L3 and for-
eign language perception are influenced by the features present in the L1,
L2 and L3.

Two series of experiments on vowel perception were carried out to ex-
amine the interplay between categories and features in speech perception
and to allow for construction of a hierarchy of features. The first series of
experiments comprised a longitudinal study of English vowel perception
by Polish advanced learners of English. The other two studies tested Dutch
and Turkish and Dutch vowel perception by three groups of learners: L2
English, L3 French and L3 Dutch.

The experiments were designed to reveal which vowels are difficult to
discriminate (supposedly because the subjects, L2, L3 or foreign language
listeners?, cannot attend to certain features vital for their discrimination),
which vowels are assimilated to native categories and which vowels can be
claimed to be forming separate categories. Assimilation to native categories
is expressed by high categorization rates and high goodness ratings. Very

L In this book all the subjects learnt their non-native languages, i.e. L2 and L3, in a
formal classroom context. The term foreign is used to designate a language they had never
had experience with, not a language learnt in a formal classroom context (cf. Krashen 1981
and Ellis 1984).
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high goodness ratings should signal that a non-native sound is treated as a
good exemplar of the native category. Relatively high goodness ratings
may suggest that a native category is expanded to accommodate a non-na-
tive sound. In the experiment testing the perceived similarity of Dutch vow-
els to Polish vowels, the subjects are expected to perceive the vowels they
actually categorize as belonging to a new category as substantially different
from native categories (cf. Fox, Flege and Munro 1995). Good discrimina-
tion is expected between vowels which resemble native categories. If a
vowel is not similar to a native category, but uses a combination of features
used in the L1 or L2, its discrimination from other vowels should be en-
hanced (as in the case of foreign language front or central rounded vowels).
This can also suggest that a feature distinguishing the two vowels in ques-
tion has been noticed and isolated.

The vowels differed along F1, F2, F3, and therefore vector length. The
hypothesis about the familiar feature cluster increasing the likelihood of
accurate perception of L2 sounds will be confirmed if, for example, learn-
ers of French and Dutch, which use front rounded vowels, better discrimi-
nate the Dutch front rounded vowels than learners of English. Learners of
Dutch should be slightly more efficient, because Dutch uses both lip round-
ing for front vowels and exploits tongue height and advancement in the
high front part of the vowel space more than French does. French has three
front non-low unrounded vowels /i, e, ¢/ and three front rounded vowels /y,
@, ce/. Dutch has four front non-low unrounded vowels /i, 1, e, &/ and the
/e1/ diphthong and four front rounded vowels /y, v, @, ce/ and many of the
Dutch vowels have longer and shorter counterparts (there is no agreement
as to their phonemic status). French has front rounded vowels, but it dis-
perses them more along the vertical dimension and it does not have /v/.
Therefore, all the contrasts involving /y/ are supposed to be relatively chal-
lenging for learners of French, because they lack the features connected
with tongue position in this area of the vowel space and less challenging
for learners of Dutch, who are exposed to those vowels regularly in their
L3. According to the hypothesis, subjects learning French should be much
better at discriminating front rounded vowels than subjects learning Eng-
lish, because English does not use lip rounding for front vowels at all. Eng-
lish and Polish use lip rounding as secondary, non-distinctive features for
non-low back vowels. As the results obtained by Pajak and Levy (2014)
showed stronger effects for distinctive features than for secondary features,
we might expect some gradation in the results.
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Experiments on the perception of English
vowels by Polish advanced learners
in a formal setting: A longitudinal study

This chapter is devoted to a longitudinal study of English vowel perception
by advanced Polish learners of English. As most of the studies in this area
were conducted with subjects learning the L2 in a natural immersion set-
ting, the characteristics of a formal instruction setting will first be dis-
cussed. The following section will present the mixed results of research fo-
cusing on the role of language experience in speech perception. Further, the
Polish and English vocalic systems will be described. Then, previous re-
search on English vowel perception and production by Polish learners will
be presented. On the basis of these introductory subsections, research ques-
tions will be asked. The methods section will describe the stimuli prepared
for this study, and the subjects and procedure for the four tasks used: Eng-
lish vowel assimilation to Polish vowels with goodness ratings, English
vowel identification (in stage two only), discrimination of pairs of English
vowels and (dis-)similarity ratings. The experiments were conducted twice.
The first session took place in the beginning of the subjects’ studies at the
Faculty of English, at Adam Mickiewicz University in Poznan, prior to
pronunciation training. Then the subjects received the usual intensive lan-
guage and phonetic training at the Faculty of English and were re-tested af-
ter two semesters of the course, when they had covered the English vocalic
system, to see to what extent L2 speech perception difficulties can be over-
come as a result of training or whether there are areas of difficulty which
are related to specific features/feature combinations. Subsequent sections
will present the results of the four tasks in both stages and discuss them.

3.1. Non-native speech perception in a formal instruction setting

There have been very few perception studies in classroom foreign lan-
guage acquisition (henceforth FLA). Best and Tyler (2007) argue that in
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these circumstances (1) the target language is not widely used, (2) it does
not extend much outside the classroom, (3) the emphasis is often on for-
mal instruction on lexical and grammatical information rather than on live
conversation, (4) the source of L2 input is either L1-accented speech or, at
best, speech by native L2 speakers using diverse L2 varieties, thus learn-
ers are confronted with incorrect or variable models of L2 phonetic de-
tails. The points above led Best and Tyler (2007: 19) to conclude that
“FLA is a fairly impoverished context for L2 learning, and perceptual
findings for FLA listeners should not be conflated with those for L2 lis-
teners (SLA).” They admit, though, that FLA learners’ performance can
be compared to SLA learners, because, even though their backgrounds
cannot be tightly controlled, they have exposure to the target language.
Nevertheless, the assumption in the present study is that even “exposure
primarily through formal instruction in a restricted setting, with little or
unsystematic conversational experience with native speakers” (Best and
Tyler 2007: 19, emphasis theirs) can result in successful acquisition which
fulfills educational and professional requirements, and as such and also as
a means of L2 learning for millions of learners, warrants the need to study
the process in more detail.

Moreover, the subjects in the present study are rather uniform: their
level of English is advanced, which is confirmed by their final high
school exams; they had a similar amount of exposure during classroom
time; they were exposed to similar English listening comprehension tasks
as a part of their curriculum; and they were taught by teachers with simi-
lar pronunciation training (in Poland pronunciation courses for English
majors are intensive: approximately 180 hours of practical pronunciation
training and 60 hours of descriptive English phonetics followed by oral
and written examinations, and they are treated seriously).

Previous perception studies among learners acquiring language in
non-naturalistic settings have been scarce, but they provide certain evi-
dence that L2 learners learning the L2 in a formal, institutional setting
may achieve near native-like speech perception in the L2. Bongaerts
(1999) studied how Dutch learners of French perceive and produce L2
sounds and found that certain learner characteristics and learning contexts
may promote the overriding of the disadvantages connected with a late
age of onset of acquisition and a non-naturalistic learning setting: high
motivation, massive exposure to the L2, and intensive phonetic training in
L2 perception and production.



Experiments on the perception... 43

Mokari and Werner (2016) studied the link between the perception and
production of vowels by Azerbaijani learners of English in a formal in-
struction setting. The results revealed correspondence between the dis-
crimination of English vowels and their production (which was assessed
both through acoustic measurements and native speakers’ judgments).

3.2. The role of language experience in non-native speech perception

Both the Perceptual Assimilation Model (Best 1995) and the Speech
Learning Model (Flege 1995) state that adult listeners assimilate non-
native sounds to native categories. The Speech Learning Model stresses
that in order to establish a new category for an L2 sound, learners have to
detect differences between the L1 and L2 sounds. The more experienced
the L2 learners are, the more likely they are to discern the differences be-
tween the L1 and L2 sounds and create new categories for the L2 sounds.

Several studies investigated the role of experience in L2 vowel catego-
rization. Flege (1991) tested categorization of English vowels by Spanish
listeners experienced in English and by monolingual Spanish listeners.
Subjects listened to English vowels and were asked to circle one of the
five letters used to spell the vowel in Spanish (<i, €, a, 0, u>) or to circle
“none” if they judged the vowel not to be found in Spanish. Experienced
listeners circled the “none” label more often than Spanish monolinguals
did (48% vs. 18%). This was taken to suggest that learning an L2 height-
ens bilinguals’ awareness of phonetic differences between the L1 and L2
vowels. Certain subjects consistently used the “none” label for the vowels
in bit and bat, but the group data did not suggest that Spanish listeners
treated any English vowels as new.

Flege, Bohn and Jang (1997) assessed the effect of English language
experience on German, Spanish, Mandarin and Korean listeners’ percep-
tion of English vowels. The non-native listeners were divided into two
groups based on their length of residence in the US. They were asked to
identify vowels in synthetic beat — bit (/i: - 1/) and bat — bet (/& - /) con-
tinua. The experienced non-native listeners outperformed inexperienced
listeners. Moreover, accuracy varied as a function of the L1.

Cebrian (2002 and 2006) did not find strong support for the effect of
experience in L2 vowel identification or categorization. Cebrian (2002)
compared the effect of experience in the case of Catalan learners of Eng-
lish in a formal instruction setting and in the case of Catalan learners in a
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natural immersion setting (Catalans who moved to Ontario, Canada after
puberty). Subjects were asked to identify, in a forced-choice task, the nat-
urally produced English /i:, 1, et/ and /e/. The two groups of subjects pro-
duced comparable results, except for the more monophthongal produc-
tions of /er/, which were better identified by more experienced learners.
This was interpreted as less experienced listeners’ reliance on the strong
vowel offglide (they were based in Barcelona), which is not necessarily
realized in Canadian English. In the case of the monophthongal /er/, expo-
sure to Canadian English promoted higher accuracy in categorization.
Identification accuracy for /i/ and /i/ did not differ as a function of expe-
rience. The subjects identified longer /i:/ and shorter /1/ tokens more accu-
rately, which was interpreted as reliance on duration.

Cebrian (2006) further examined English /i:, 1, et/ and /e/ vowel per-
ception by native Catalan listeners who were either inexperienced or ex-
perienced in English. In the first experiment, the inexperienced subjects
were native speakers of Catalan living in Barcelona, with minimal
knowledge of and exposure to English. The experienced group consisted
of native Catalan speakers who had lived close to Toronto, Canada for an
average of 24 years. No effect of experience on English vowel assimila-
tion to Catalan vowels was found. On the other hand, identification of L1
Catalan vowels varied between the inexperienced and experienced Eng-
lish learners. This suggested that there was a bidirectional influence of L1
and L2 vowels, as predicted by the Speech Learning Model (Flege 1995),
which hypothesized that L1 vowel categories may be modified to fit L2
vowel categories in a single phonological space.

Cebrian (2006) also examined the role of L2 experience in reliance on
temporal and spectral features in an identification task with a synthetic
continuum involving English /iz/, /i/ and /e/ vowels. Two groups of Cata-
lan learners of English and a group of native English listeners participated
in the second experiment. One group of learners included native Catalans
who had lived in Toronto for an average of 25 years, whereas the second
group consisted of third and fourth year undergraduates in English, living
in Barcelona, and having limited experience in English-speaking coun-
tries. The tested stimuli were obtained from the two-dimensional /i:/ — /1/
— /e/ continuum including 11 spectral steps and four temporal steps. The
results revealed that native English listeners consistently relied on spectral
cues in vowel categorization, irrespective of duration. Catalan learners of



Experiments on the perception... 45

English from both groups, however, relied strongly on duration when cat-
egorizing /i:/ and //.

In Cebrian’s (2006) study, the effect of experience in English was only
evident in Catalan vowel identification by non-learners as opposed to
learners. No effect of experience was found in the case of English vowel
categorization by advanced learners living in Canada vs. advanced learn-
ers living in Catalonia (which was in line with Cebrian 2002). Subjects
living in Canada had been more exposed to English, used the L2 more,
and the L1 less. The undergraduates in Catalonia, however, had metalin-
guistic knowledge, had undergone phonetic training and were highly mo-
tivated learners. As the author notes, experience might exert greater effect
in the case of less advanced and less motivated learners.

Rallo Fabra and Romero (2012) examined how well native Catalan
listeners majoring in English and divided according to proficiency into
three groups could discriminate Catalan-English and English-English
vowel contrasts. As for Catalan-English contrasts, the subjects discrimi-
nated well between /i - 1/, partially between /i - i/, /u - u/ and /a - a/, but
found /a - A/, /a - @/ and /e - ¢/ challenging. In the case of English vowel
contrasts, the participants were able to distinguish between /i: - i/ and /u: -
v/, which was interpreted by the authors as an indication of the possibility
of new category formation. Generally, the higher the proficiency of the
subjects, the more accurate their responses were. It is worth noting that
Rallo Fabra and Romero (2012) used a rather challenging task to test
vowel discrimination and accordingly, the results varied as a function of
proficiency. The stimuli were /sVt/ with the final stop cut out, to prevent
reliance on the dentoalveolar released stop production of Catalan /t/ and
alveolar unreleased stop realization of English /t/. This step meant that
English checked vowels /1, e, @&, A, u/ were tested in open syllables, which
violates English phonotactics. The three stimuli in each trial were pro-
duced by three different speakers, encouraging the subjects to ignore sub-
categorical variation. Further, each vowel contrast was tested in 16 trials:
eight different trials, in which the odd item could appear in any of the
three positions and eight catch trials, where all the vowels came from one
category. The total number of trials was 112 for Catalan-English contrasts
and 64 for English-English contrasts.

Concluding, among the reported studies, there was evidence of the role
of experience in L2 vowel perception (Flege, Bohn and Jang 1997, Cebrian
2006 in the case of synthetic stimuli, Rallo Fabra 2012), and mixed effects
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(Flege 1991, Cebrian 2002). No differences in L2 vowel assimilation and
reliance on duration by both more and less experienced subjects were found
by Cebrian (2006), although there were effects on L1 vowel identification.
Also, in Cebrian (2006), the experienced subjects were those living in Can-
ada, whereas the inexperienced subjects were undergraduates with phonetic
training, so actually these two groups had different kinds of language expe-
rience, and the results should be treated accordingly.

3.3. Study comparing L2 consonant assimilation to L1 categories with L2
consonant identification

Park and de Jong (2008) used monosyllables consisting of English stops
or fricatives and /a:/ to estimate the extent to which L2 identifications rep-
resent reliance on L1 categories. The underlying assumption of the study
was that L2 sound identification could either be due to reliance on an L1
category or due to the process of establishing a new L2 category. Their re-
sults suggested that L2 identification accuracy could be related to L2-to-
L1 mapping, but only if the assimilation of an L2 sound to an L1 category
receives high goodness ratings and if mapping of L2 sounds to L2 catego-
ries is modulated by the goodness-of-fit of L2 to L1 categories. L2 sounds
which are considered similar to L1 categories have confusability that is
based on the probability that the L2 sounds mapped onto the L1 segments
are distinct from one another. L2 segments with low goodness ratings ex-
hibited identification rates which were much higher than the predicted
ones. Park and de Jong (2008) noted that this result complied with Flege’s
(1995) distinction between similar and new L2 sounds and tried to ac-
count for the fact that some of the seemingly new sounds were still per-
ceived with lower accuracy rates, as if the new categories were not yet
fully efficient.

3.4. Polish vs. English vocalic systems

English has 11 monophthongs in stressed positions: /it 1, e, &, A, a:, D, o,
u, w;, 3/ and schwa /o/ used in unstressed positions (Wells 1962, 1982,
1984, Gimson 1964, 1980, 1984, Deterding 1997, Upton, Kretzschmar and
Konopka 2003, Hawkins and Midgley 2005, Hannisdal 2007, Bjelakovi¢
2017).
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In present day English, /u/ and /u/ are centralized or even slightly
more fronted than central and have little lip rounding (Hawkins and
Midgley 2005, Bjelakovi¢ 2017). Cruttenden (2014) described the front-
ing of /u:/ to /&/ as well-established and the unrounding of /u:/ and /u/ as
more recent innovations. Hawkins and Midgley’s (2005) and Bjelakovi¢’s
(2017) acoustic study confirmed higher F2 for /u:/ and /u/. There is slight
diphthongization of /i:/ and /u:/ (Collins and Mees 2013).

British English /&/ has been undergoing lowering and centralization
from a mid-low front position (Wells 1982, Upton et al. 2003, Fabricius
2007 Cruttenden 2014, Collins and Mees 2013, Hughes, Trudgill and Watt
2012, Bjelakovi¢ 2017).

It is also assumed that F1 for /e/ is relatively high (Hawkins and
Midgley 2005, Bjelakovi¢ 2017).

Further, the temporal characteristics of English vowels are complex.
The division of English vowels is a matter of terminological disputes. For
example, House (1961) and Crystal and House (1988) called the Ameri-
can English vowels short and long. Halle and Stevens (1969) used the
terms lax and tense, though as Ladefoged and Johnson (2011) noticed, in
English in most cases tense vowels are defined as occurring in stressed
open syllables, but with no specific phonetic correlates (Ladefoged and
Johnson 2011), while Daunmu (2016) criticizes the division into lax and
tense as problematic for any theory. Kurath and McDavid (1961),
Moulton (1990) and Collins and Mees (1981 and 2013) use the terms free
and checked, which denote differences in both duration and quality be-
tween the respective vowel sets. Nevertheless, there is agreement® that
English short/lax/checked vowels /1, e, @&, A, o, u/, except for the schwa,
and assuming longer duration for /a/, require a following consonant, and
that long/tense/free vowels /i, a:, 3:, u/ and diphthongs do not require a
following consonant and may end a word.

In addition to vowel inherent potential duration as determined for free
and checked vowels, English vowels are shortened before fortis consonants
(Peterson and Lehiste 1960, House 1961, Chen, 1970, Raphael 1972 and
Giegerich 1992) and lengthened in stressed positions (Fry 1955, 1958).

! Certainly, there may be alternative subdivisions, especially worthwhile when they
take into account monophthongization of SQUARE and PURE diphthongs, and diph-
thongization of /i:;/ and /u:/, and so called r-vowels (see Lindsey 2012), but as he predicts
the traditional symbols for RP vowels will be used here, with the disclaimer that the
symbols are meant to correspond to present-day English vowel qualities.
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In comparison to the rich and complex English vowel system, Polish
has a simple six-vowel inventory: /i, i, e, a, o, u/ (Wierzchowska 1980,
Dhtuska 1981, Jassem 2003) with no distinctions in tenseness or duration
(though some of the vowels have nasalized variants). Table 1 presents
mean Polish formant frequencies in Hz on the basis of recordings of sev-
en male speakers taken by Nimz (2016). These data seem to be the most
recent and reliable ones available for Polish vowel acoustics.

Table 1. Mean Polish formant frequencies for seven male speakers pre-
sented in Nimz (2016)

Polish vowel F1 (Hz) F2 (Hz)
lil 283 2134
1il 392 1675
lel 548 1559
fa/ 637 1251
/ol 504 992
ul 347 829

3.5. Previous studies on English vowel perception and production by
Polish listeners

On the basis of the comparison of English and Polish vowel systems
above, it is clear that Polish learners of English need to learn to perceive
about twice as many vowel contrasts as they have in their L1. This means
learning to perceive both duration and smaller formant differences (both
in the F1/F2 plane and in F3 relations indicative of lip rounding) as pho-
nologically contrastive. Both perception and production studies with
Polish learners of English have documented a considerable array of chal-
lenging areas (in addition to textbooks with many, mostly impressionistic,
descriptions of articulatory differences: Jassem 1972, 1987, Batutowa
1965, Krzeszowski 1968, Reszkiewicz 1981, Szpyra-Koztowska and
Sobkowiak 2011, Sobkowiak 2004, Porzuczek, Rojczyk and Arabski
2016, Sawala, Szczegota, Jankowski, Weckwerth 2016). First, studies re-
lated to individual sounds will be reported, and the section will be con-
cluded by a report on two studies of perception of English vowels by
Polish learners of English.
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Production studies focusing on the quality of English vowels have re-
ported numerous difficulties which Polish learners of English are faced-
with. Lipinska (2017) conducted a longitudinal study on /i: - 1/ production
at the beginning and towards the end of the academic year, and she
showed how first year English majors, in the post-test, but not in the pre-
test, separated the two English vowels from each other and from their
Polish counterparts. Szpyra-Koztowska (2016) studied English loanword
adaptation into Polish, and in her perception experiment, naive Polish lis-
teners assimilated the English /i/ in around 50% of the cases to the Polish
/i/ and she concluded that assimilation of the English /i/ to the Polish
vowel is not solely based on acoustic proximity, but on phonotactic con-
straints and other factors. Bogacka (2004) examined the perception of
English high vowels by Polish learners and found that there was heavy re-
liance on temporal cues for both /i:-1/ and /u:-u/ continua and very weak
reliance on spectral cues.

Rojczyk (2010a) studied the production of English /i/ and /e/ vowels
and found that third-year English majors separated the English /i/ from
the Polish /i/ and /i/, but not the English /e/ from the Polish /e/ — although
it must be noticed here that the second result is not surprising in the light
of the reports of higher F1 for the English /e/ (see Hawkins and Midgley
2005 and Bjelakovi¢ 2017).

Gonet, Szpyra-Koztowska and Swiecinski (2010a) examined produc-
tion of /a/ by first-year and third-year English majors. Assuming that the
English /&/ is a mid-low front vowel, they checked how well and when it
is dissimilated from the Polish front mid /e/ and open front-centralized
/a/. They reported considerably better results for more advanced subjects
and noted that difficulties were context-dependent: productions were
more accurate in stressed syllables, before palato-alveolars, obstruents
and nasals. In unstressed syllables, in pre-stress positions especially, even
advanced subjects had difficulties producing the ashes before anterior
coronals and liquids. Further, the Polish vowel substituted for the English
/&/ depended on the vowel in the English loanword functioning in Polish.

Rojczyk (2010b and 2011) studied the production and perception of
English checked vowels /a/ and /a/ by Polish learners. He found that /a/
and /A/ are spectrally subsumed by the Polish /a/: in production as formant
frequencies for the two categories overlapped and in perception as the
stimuli from the two vowel categories were not consistently or accurately
identified. Both in production and in perception subjects relied on dura-



50 Chapter Three

tion. Increased duration in production signaled /a/. In perception, stimuli
with longer durations tended to be identified as /&/ and with shorter dura-
tions as /a/, irrespective of their spectral characteristics, although Polish
uses does not use duration as a cue to vowel identity.

Weckwerth (2011) studied the production of three English vowels: /e,
& /and /a/ by 106 Polish students of English. He found good separation
between /e/ and /a/, whereas /&/ was superimposed on the two, and, un-
like in many dialects of English, it was not the lowest vowel. To show in-
ter-speaker variability, a system typology was proposed. For some sub-
jects the /a/ tokens were situated outside of the ellipses for /e/ and /a/, for
others the majority of the /a/ tokens were produced within the ellipse for
/e/ or for /a/. There was also a ‘bimodal’ system, in which a similar num-
ber of the /&/ tokens fell in the space for /e/ and for /a/, with less than
30% which fell outside of the two ellipses.

Schwartz, Aperlinski, Kazmierski and Weckwerth (2016) and
Schwartz, Kazmierski, Weckwerth, Jekiel and Malarski (under review)
conducted studies of the production of English front vowels by Polish ad-
vanced learners of English: university students and teachers. They inves-
tigated the Vowel Inherent Spectral Change (Morrison and Assmann
2013), i.e. the dynamic formant trajectories over the course of a vowel’s
duration. Its role is minimal in Polish, but crucial in the English vowel
system. They found that the more advanced subjects produced more dra-
matic patterns of formant movement, closer to those of native speakers.
Schwartz, Aperlinski, Jekiel and Malarski (2016) confirmed the same ten-
dency in L2 speech perception, i.e. the more advanced the listeners were,
the more they attended to dynamic cues in vowel perception.

Several studies were devoted to the quality and duration of schwa in
Polish accented English. Bogacka [Balas], Schwartz, Zydorowicz,
Polczynska-Fiszer and Orzechowska (2006) examined the production and
perception of schwa by Polish adolescent learners of English and found
that, depending on the position in a word, it was produced as either /e/ or
/i/, and perceived mainly as /e/, but actually many other targets appeared
in subjects’ responses. Gonet, Szpyra-Koztowska and Swiecinski (2010b)
examined the production of schwa by first-year, third-year and fifth-year
English majors and reported 31% to 67% appropriate productions of
schwa as a function of proficiency. Word-initial and word-final produc-
tions exhibited more errors than word-medial positions. In addition, many
mispronunciations were spelling-based.
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Porzuczek (2010), in a longitudinal study, observed that schwa in
weak forms of the preposition to was rarely devoiced by Polish first- and
second-year majors English in comparison to native speakers. With refer-
ence to durational cues, he pointed to increased durations of schwas pro-
duced by Polish learners of English, but also to considerable improve-
ments between the two stages of the study.

Rojczyk (2013) used synthesized stimuli based on the noun and verb
record with flat and constant fO contour (a primary cue for stress recogni-
tion in Polish) and manipulated vowel quality and duration. Subjects were
able to base their perceptions on vowel duration and quality in the ab-
sence of a cue which they would use in Polish.

Szpyra-Koztowska, Stasiak and Swiecinski (2014) conducted a longi-
tudinal study of allophonic distinctions: aspiration, pre-fortis clipping,
dark and clear |, syllabic consonants and the lack of audible release in
stops. Within this set, pre-fortis clipping was the most difficult process,
with the lowest correctness scores, and no long-term improvement after
pronunciation training.

Other studies also pointed to more general problems with the use of du-
ration cues by Polish learners of English. Waniek-Klimczak (2005) studied
temporal parameters, i.e. VOT, closure duration and vowel duration in L1
Polish L2 English immigrants in Wisconsin: both early bilinguals and late
bilinguals. Vowel duration was inspected in short and long vowels, as a
function of the following consonant voicing, stress condition, position
within a unit and the tempo of speech. The differences between the dura-
tions of long and short vowels were much larger for native speakers of Eng-
lish than for both groups of Polish-English bilinguals. As for the use of cues
to voicing of the following consonant, two tendencies were observed for all
the three groups of subjects: longer vowels and shorter closures in the case
of long vowels followed by lenis consonants; and shorter vowels and long-
er closures in the case of short vowels followed by fortis plosives. The pro-
portions in the use of the cues, however, varied: native speakers used the
temporal difference to the greatest extent and late bilinguals to the least ex-
tent. Early bilinguals relied more on vowel duration, whereas late bilinguals
relied on closure duration. The duration of each cue was exaggerated in
comparison to the native speakers’ productions. Generally, the more ex-
treme values the subjects were supposed to produce, the more difficulties
they had. Primarily stressed vowels were longer than secondarily stressed
and unstressed vowels. Concluding, producing appropriate differences be-
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tween long and short vowels, and vowel shortening before fortis conso-
nants proved to be challenging for Polish learners of English.

Porzuczek (1996) examined the perception of English monophthongs
and diphthongs by Polish advanced learners of English. His subjects had
completed a one-year course in English phonetics, including transcription.
In the experiment, they were asked to transcribe monosyllabic words, both
existent and nonce, in which English vowels were embedded between a
voiced or voiceless bilabial plosive and voiced or voiceless alveolar plosives
or fricatives, bilabial nasals, bilabial plosives or /pV/or /Vt/. Short vowels
were tested only in closed syllables. The stimuli were presented randomly to
the subjects, who were asked to transcribe the words. Only /1/ and /ar/ were
transcribed correctly at rates higher than 90%. Scores higher than 80% were
recorded for /au/, /a:/ (confused with /o/ and /uy/), /er/ and /ov/. The /i:/ vowel
was transcribed correctly at a rate of 79.6% and confused with /1/. Almost
70% correct responses were given in the case of /u/ (confused with /u:/) and
/e/ (which was confused with /&, o/ and /3v/). The following vowels scored
above 60% correct answers: /o/ (confused with /a: and /au/), /a:/ (confused
with /a/ and /au/), /a/ (confused with /o, a:, av/ and /&/). Between 60% and
50% correct responses were given in the case of /u:/ (confused with /u/), /au/
(confused with /a, a/ and /ae/), /3/ (confused with /e, au, o/ and /e&/), /a&/
(confused with /a, a:, ¢/ and /au/). The diphthongs /ea/ and /ua/ only scored
around 20% correct responses. Porzuczek (2007) also notes that perception
was influenced by phonotactic constraints and familiarity with words or the
similarity of nonce words to real words. The author stresses that there were
many cases in which short vowels were mistaken for long vowels and long
vowels were mistaken for short vowels. Importantly, short vowels were easy
to identify before fortis codas and long vowels before lenis codas. Generally,
English vowel length differences coupled with the effects of vowel length
modifications depending on the following consonant (lenis or fortis) were
very challenging for Polish learners. Porzuczek (1999) claimed that the rela-
tionships between English and Polish vowels were crucial, but not the only
reason for misidentifications of English vowels by Polish learners. The fol-
lowing factors were shown to influence vowel recognition: the number of
English vowels corresponding to the Polish vowel, associations with the
word in which the vowel was being tested, context, frequency of occurrence
of the vowel in English and spelling. It would be difficult to specify all the
factors affecting identification of the English vowels and their relative im-
portance.
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Balas (2018) reported the results of English vowel perception by 35
advanced learners of English in the following tasks: discrimination task,
assimilation task and (dis-)similarity ratings task. The paper had three
main aims. The first one was to test whether learners from a formal in-
struction setting also rely on assimilation types when distinguishing be-
tween English vowels, as the Perceptual Assimilation Model predicts.
Secondly, the effects of consonantal context on vowel perception were al-
so examined. Unlike in the case of lower-proficiency learners (Strange,
Akahane-Yamada, Kubo, Trent and Nishi 2001, Levy and Strange 2008),
the place of articulation of neighboring consonants did not influence
vowel perception, except for phonotactically-based restriction on /1/ in ve-
lar contexts and allophonic fronting of high back centralized vowels in al-
veolar contexts. Thirdly, Balas (2018) also tested whether discrimination
results conformed to the Natural Referent Vowel framework (Polka and
Bohn 2003 and 2011) principles, according to which a change in a series
of more peripheral vowels to a less peripheral vowel is more difficult to
detect than the reverse change. Such asymmetries in perception had been
previously attested for native and non-native vowels at six months of age,
but only for non-native contrasts at 12 months and in adulthood. The re-
sults obtained by Balas (2018) failed to comply with Natural Referent
Vowel framework predictions, which were interpreted as the ability of ad-
vanced foreign/second language learners to perceive foreign language
vowels in a mode similar to native speakers, without referring to more pe-
ripheral vowels as anchors.

Some 18 of the 35 subjects retook the tests after a year of intensive
English and pronunciation training and the differences between their re-
sults prior to the course and after the course will be discussed in the pre-
sent chapter. Also, here we shall not focus on testing Perceptual Assimila-
tion Model or Natural Referent Vowel predictions or the effects of conso-
nantal context on vowel perception. The emphasis in the present study
will be on tracking the changes in perception between stage one, before
the onset of intensive English and pronunciation training, and stage two,
i.e. after the two-semester courses in English phonetics and phonology
and the role of features such as vowel height, backness and rounding.
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3.6. Duration cues

Several competing hypotheses related to the role of duration cues in L2
vowel perception have been proposed so far. Bohn’s (1995) desensitiza-
tion hypothesis claims that whenever listeners do not perceive spectral
differences between a given vowel contrast, because previous phonetic
experience has not sensitized them to do so in a given vowel space area,
they will rely on duration differences. McAllister et al. (2002) argue to the
contrary: if the L2 features are not used contrastively in the L1, they will
be difficult to perceive for the L2 learners. They actually did use duration
to test their hypothesis. The hypothesis on selective attention to features
(Pajak and Levy 2014) extends the feature hypothesis to cover the use of
features in different phonetic environments and to emphasize the facilita-
tive effect of reusing the known features. Lengeris (2009) argues that
there is nothing in the complicated interplay of spectral and temporal
cross-linguistics relations that would suggest increased or decreased tem-
poral acuity dependent on the L1 experience. He argues that L1 transfer
and assimilation types govern the perception of long and short vowels,
similarly to the way they govern the perception of spectral differences.

As English has twice as many monophthongs as Polish, there are
many areas in the vowel space that English uses and Polish does not.
Therefore, if Bohn’s (1995) desensitization hypothesis is true, it could be
expected that duration differences help Polish subjects categorize, dis-
criminate and notice differences between many English contrasts involv-
ing duration distinctions. If, however, the feature hypothesis and selective
attention to features hypothesis are correct, then duration will not play a
special role in non-native perception by Polish listeners.

The previous studies reported above, however, reveal that the issue is
rather complex. There were studies which pointed to reliance on duration
cues: Bogacka (2004) for the /i:-1/ contrast and Rojczyk (2010b and 2011)
for the /a-a/ contrast. Porzuczek (2010) showed improvement in the weak
form to as a function of experience, and Rojczyk (2013) for the distinc-
tion between the verb and noun record. Waniek-Klimczak (2005), howev-
er, revealed that although both duration differences between long and
short vowels and pre-fortis clipping were present, they were significantly
weaker for Polish learners of English than for native speakers. Szpyra-
Koztowska, Stasiak and Swigcinski (2014) showed that pre-fortis clipping
was very challenging for Polish learners of English.
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3.7. Research questions

The present experiment is based on a longitudinal study of the perception
of 11 British English monophthongs by Polish advanced learners of Eng-
lish acquiring L2 in a formal classroom setting. The following aspects of
perception were investigated: discrimination; assimilation of English
vowels to Polish vowels with goodness ratings; assimilation of English
vowels to English vowels (in stage two only); and (dis-)similarity ratings.
These studies allowed the following research questions to be addressed:

1. How are English vowels assimilated to Polish vowels and how do
these assimilations differ before and after pronunciation training?

Theories of second language speech perception, such as the Perceptual As-
similation Model (Best 1995) and the Speech Learning Model (Flege
1995), assume that second language sounds are assimilated to the closest
native categories. The closest native categories are not based on phonologi-
cal proximity, but need to be established on the basis of perception tests.
English has twice as many vowel phonemes as Polish does, so it can be hy-
pothesized that two or more English vowels will be assimilated to one
Polish category, but probably with varying goodness ratings. Goodness rat-
ings in stage one are supposed to be higher than in stage two, when sub-
jects, thanks to more language experience and phonetic training, had the
chance to realize and notice that there are discrepancies between English
and Polish vowels. Previous research has shown that learning the L2 raises
learners’ awareness of the phonetic distance between the L2 and L1 sounds
(Flege 1991). This is one of the basic premises of category formation in the
Speech Learning Model — one needs to notice the differences between L1
and L2 sounds in order to establish a new category for an L2 sound.

2. How are English vowels categorized in terms of English vowels af-
ter pronunciation training, when subjects are already familiar with
transcription symbols? How are categorizations to English vowels
related to categorizations to Polish vowels?

Park and de Jong (2008) showed that consonant assimilation to L2 cate-
gories can be predicted on the basis of L1 assimilations with goodness
ratings. They also confirmed that some L2 sounds can function as catego-
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rized to L1 sounds, while for others listeners need new categories (cf.
Flege 1995). Mayr and Escudero (2010) showed that cross-language as-
similation patterns largely predicted identification of L2 vowels in terms
of L2 vowels. It is therefore hypothesized that there will be a clear rela-
tionship between assimilation of L2 vowels to L1 categories and categori-
zation of L2 vowels in terms of L2 vowels in such a way that if two vow-
els were assimilated as a Single Category to L1, then they will be con-
fused with each other in an L2 identification task. Moreover, this part of
the study will also allow comparison of the present results with the results
obtained by Porzuczek (1996).

3. What are the discrimination rates of pairs of English vowels? Does
discrimination improve? If so, for which pairs?

The predictions of the Perceptual Assimilation Model (Best 1995) have pre-
viously been confirmed for non-native, unfamiliar vowels (Tyler et al. 2014,
Faris, Best and Tyler 2016) and second language vowels acquired in a formal
instruction setting (Balas 2018). It is hypothesized in the present study that
changes in discrimination rates for pairs of vowels should be related to
changes in assimilation patterns and goodness ratings for these vowels.

4. How do (dis-)similarity ratings change overtime and how are they
related to assimilation and discrimination results?

This study examines discrimination rates typically obtained for the Per-
ceptual Assimilation Model studies and (dis-)similarity ratings to check
whether they change in parallel. It is hypothesized that the more similar
the two vowels are judged to be, the less discrepancy there should be in
goodness ratings, if the vowels are assimilated to a common L1 category,
and the lower the discrimination rate should be.

3.8. Method

With a view to answering the research questions posed above, a series of
tasks was carried out to test the perception of English vowels by Polish ad-
vanced learners of English before and after two-semester long intensive
language and pronunciation training for first-year English majors at Adam
Mickiewicz University in Poznan. This section presents the stimuli used in
the experiments, the subjects and procedure, which included the following
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tasks: discrimination of English vowels, assimilation of English vowels to
Polish vowels, English vowel identification, and (dis-)similarity ratings.

3.8.1. Stimuli

The stimuli were the same as the stimuli used in Balas (2018). They were
recorded by a male adult native speaker of Standard Southern British Eng-
lish in an anechoic chamber in the Center for Speech and Language Pro-
cessing at Adam Mickiewicz University in Poznan. The speaker was in-
structed to read a list of carrier sentences containing nonsense? words to
elicit production of 11 British English vowels /i:, 1, e, &, 3:, A, a, o, o, ui,
v/ in three homorganic CVC structures where lenis consonants /b d g/ were
used. The vowel stimuli were both elicited and then presented to the listen-
ers in closed syllables: bilabial /bVb/, alveolar /dVd/ and velar /gVg/.
Closed syllables seemed to be the legitimate choice for investigating natu-
ral English vowel perception®, as English checked vowels cannot occur in
open syllables (Hammond 2003). Open syllables with checked vowels,
which violate English phonotactics, should be avoided in natural speech
perception experiments. Using syllable-final lenis consonants meant elicit-
ing relatively long vowels (Rapheal 1975) and made the vowels more con-
spicuous than if they had appeared before fortis consonants. The speaker
read the target sentences from PowerPoint slides presented to him in a
booth. Two sentences appeared on each slide. The first sentence comprised
real words which contained vowels which were identical to the vowels in
the desired nonsense word in the second sentence below: In fork and York-
er we have /o;/. In borb and borber we have /o:/. The word which was cut
out and later used for presentation in perception experiments was the mon-
osyllabic word containing the vowel in question from the second sentence.
In the example sentence, that would be the word borb. In each list contain-
ing the 11 vowels in a given context, the order of sentences with a given

2 Three of these accidentally happen to be real words: did, dad and bob, but the au-
thor has not noticed any effect of familiarity on vowel categorization, goodness ratings,
discrimination or (dis-)similarity ratings.

3 At this stage it is difficult to predict whether or to what extent investigating the
English vowels in isolation would influence the results for Polish learners of English, i.e.
we do not know whether L2/FL learners learn to adhere to L2/FL’s phonotactic re-
strictions in perception. This issue requires a separate study. The present author is only
aware of preliminary evidence in favor of native phonotactics influencing the perception
of L2 consonants (Bundgaard-Nielsen et al. 2016).
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vowel was randomized. The speaker read four blocks of each list with a
randomized order of vowels in each consonantal context. A Toshiba laptop
computer and an Edirol UA-25 USB audio interface were used to make the
recordings. The experimenter used English to communicate with the speak-
er and monitor the recording through headphones. During the recording
session, the stimuli were digitized directly as computer files using Praat
software (Boersma and Weenink 2015), with a sample rate of 22,050 Hz,
16-bit resolution, and a mono channel.

The speaker recorded four blocks in each consonantal context. The first
block in each context was treated as a warm-up. The digital files from the
second, third and fourth blocks containing the full sentences (e.g. in borb
and borber we have /2:/.) were edited to isolate the nonsense monosyllables
(e.g. borb). The tokens were selected in such a way that they matched in
terms of pitch and average formant values. Then the selected tokens were
examined by a monolingual British English speaker, who was able to iden-
tify all of them accurately and with reported ease. These tokens were used
in perception tests. Figure 1 presents the average spectral characteristics of
the 11 Southern Standard British English vowels produced by the speaker
in the three contexts (bilabial, alveolar and velar) and chosen for the exper-
iments in study one. F1 and F2 values were measured in Hertz at temporal
midpoint of the CVC syllables. Table 2 gives mean formant values and
vowel duration in the stimuli used in the experiments.

2300 2100 1900 1700 1500 1300 1100 900 700 500
F2 . I L L L L I L L

200

- 300
U
400

3 - 500

i
700
@®
- 300

900

F1

Figure 1. A plot of the vowel stimuli used in study one
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Table 2. Mean vowel duration and formant values of the stimuli in study one

English vowel Duration (msec.) F1 (Hz) F2 (Hz)
i/ 224 311 2202
il 117 430 1743
le/ 147 573 1691
131/ 244 511 1376
Jee/ 190 728 1415
Ial 131 592 1264
la:/ 267 629 1159
ol 139 556 1057
15/ 237 411 889
ol 110 366 1197
h/ 207 322 1653

Comparing the formant values presented for Polish vowels (Table 1 in sec-
tion 3.4.) with the vowel measurements presented here, we can assume that
the Polish /i, #/ and /e/ vowels are just slightly higher and slightly more cen-
tralized than their English counterparts /i:, 1/ and /e/. The Polish /a/ is lower
than the English /a/ and /a:/, but much higher than the English /&/. The
Polish /o/ is closer to the English /o/ than /a:/. The English /uy/ and /u/ are
lower and more centralized than the Polish /u/. Additionally, there are dif-
ferences in length, lip rounding, diphthongization and formant dynamics.

3.8.2. Subjects

A total of 22 students, mean age 19 years 10 months (as reported at stage
1), all first-year English majors at the Adam Mickiewicz University in
Poznan, Poland, took part in the experiment. They claimed not to have
any hearing disorders. According to the Common European Framework
of Reference for Languages, their knowledge of English was at the B2
level. This means they were upper intermediate learners who could under-
stand the main ideas of a complex text or interact with a degree of fluency
with native speakers. The tests in stage one were carried out at the begin-
ning of the subjects’ first academic year. The tests in stage two were car-
ried out at the end of that academic year, after eight months of instruction,
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which included English pronunciation and English phonetics and phonol-
ogy. All the examined subjects were enrolled in British English groups.
They were recruited from four different instruction groups, so although
their curricula were to a great degree similar, they received instruction
from various teachers throughout the year. Two participants reported
knowing another foreign language at a level higher than B1. Bl-level
learners can understand the main points of utterances on familiar matters
and can talk about familiar matters. The majority of the participants had a
basic knowledge of German, French or Spanish at A1/A2 levels. The re-
sponses from subjects admitted to the first year of studies for the second
time were discarded, as the influence of instruction in the first year is a
major factor possibly influencing the development of perception between
stage one and stage two.

3.8.3. Procedure

A longitudinal perception study was carried out among first year majors in
English. The first session was carried out in the first month of the subjects’
first academic year. The second session was carried out after eight months
of instruction in the subjects’ first year of studies. In stage one the three
perception tests were chosen and designed to evaluate the perception of
English vowels by Polish listeners without the need to resort to phonetic
symbols or orthographic labels. In stage two, the three tests were repeated
and a fourth task, which assumed familiarity with phonetic symbols for
English vowels, was added. Following previous studies testing Perceptual
Assimilation Model’s predictions for both consonants, e.g. Best and
Strange (1992) and Best, McRoberts and Sithole (1988) and vowels (Tyler
et al. 2014), the participants completed a discrimination task and a category
identification task of English vowels in terms of Polish vowels with a
goodness rating. Additionally, participants completed a (dis-)similarity rat-
ing task. The fourth task, carried out only in stage two, was a category iden-
tification task of English vowels in terms of English vowel labels supple-
mented with a goodness rating.

For the first test, participants completed a categorical discrimination
oddity test. Ten contrasts were examined: /i: - 1/, /e - 1/, /e - &/, /e - 31/, /e
- A, e - A/, /A -1/, /a:- A/, /o: - o/ and /u: - u/. The vowel contrasts were
chosen with aim of examining English vowels that are close to one anoth-
er in the F1/F2 vowel space and were impressionistically reported to be
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challenging for Polish learners in various pedagogical resources. Each of
the 10 vowel pairs was presented in a triad, where A was a stimulus from
one English vowel category and B was a stimulus from another vowel
category. The six triad combinations, i.e. AAB, ABA, ABB, BBA, BAB
and BAA were presented randomly during the test. All the triad combina-
tions were assigned one contrast each, with the exception of the BAA and
BBA types, which were assigned two contrasts. Each contrast was pre-
sented to a given listener twice in two consonantal contexts (either bilabi-
al, alveolar or velar) and in two trial types (AAB, ABB, BAA, BBA, ABA
and BAB) (see Appendix 1), so that 40 responses were elicited from each
subject. This step, which did not require all the contrasts in all consonan-
tal contexts in all triad combinations, was taken to ensure that the task
was not too long to prevent the other two tasks in stage 1 and three tasks
in stage 2 from being performed during the same session.

To increase the focus on the phonetic category identity rather than the
sheer physical identity of the stimuli, a categorical discrimination proce-
dure was employed. In a triad, one stimulus was always the odd one, but
the other two, while representing the same L2 phonological category,
were never physically identical: A1A2B1, A1B1Bg, etc. Such a procedure
was designed to prevent listeners from making simple acoustic identity
judgments. Such a paradigm tests only those acoustic differences that in-
fluence category identity, and avoids the dilemma of response notation in
the form of phonetic symbols. Additionally, the interstimulus interval was
considerably long to encourage phonological processing (ISI =1 s, and the
intertrial interval = 6 s).

After the discrimination tests, participants performed an assimilation
task with goodness ratings. They matched the English auditory stimulus
with an orthographic Polish vowel label and rated the vowel’s goodness in
terms of its similarity to the chosen Polish vowel on a scale from 1 to 7,
where 1 meant barely matching the Polish vowel and 7 meant well match-
ing the Polish vowel. Six Polish orthographic vowel symbols: i, y, e, a, 0
and u acted as labels in the assimilation task. As Polish vowel orthogra-
phy is transparent, using orthographic labels was judged to be clear to the
subjects, who had not been familiarized with IPA vowel symbols prior to
stage one of the experiment. In this task, each subject listened to each of
the 11 English vowels in each consonantal context (bilabial, alveolar and
velar). From each participant, 33 responses were elicited.
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Only in stage two was a vowel identification task performed. This time
subjects listened to the same set of 33 English stimuli (11 vowels in three
consonantal contexts) and identified the auditory stimuli in terms of Eng-
lish vowel labels arranged in the shape of the vowel chart (see Figure 2).
In this task, subjects were not asked to goodness-rate the English vowels in
terms of English vowels, as it was assumed that once one identifies an
English vowel in terms of an English vowel label, one does not need to rate
whether it barely fits the category or matches it well.

1/33

Zaznacz, ktorg angielska samogloske ustyszatas/es.

1: u:

I )

X a:

Figure 2. Screenshot of the screen presented to subjects in the identifica-
tion task in stage two

Subjects also rated 12 pairings of Polish vowels with the 11 English vow-
els for their perceived (dis-)similarity: /i: - 1/, /e - 1/, /e - &/, /e - 3/, /e -
A, le - A/, Ia -0/, /a: - A/, Joi - 0/, /u: - v/, /u - 3/ and /o - ai/. Each pair
was tested in three consonantal conditions (bilabial, alveolar and velar),
yielding 36 vowel pairs to rate for each speaker. The stimuli were pre-
sented randomly. The participants were asked to indicate how dissimilar
the vowels in the presented nonce words were, using a scale from 1 (bare-
ly similar) to 7 (really similar), and to make a guess if in doubt.

3.9. Results

Usually in the studies testing the Perceptual Assimilation Model, subjects
complete discrimination tasks first and then proceed to categorization
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tasks. In the series of experiments reported on here, the (dis-)similarity
task was completed as the last task. In the results section, however, the
order is different. First, categorization results are presented, as assimila-
tion types are needed to report discrimination results. (Dis-)similarity rat-
ings will be presented in the final results and discussion sections.

3.9.1. English vowel assimilation to Polish vowel categories

The mean percentage of English vowel assimilations to Polish vowel or-
thographical labels are presented in Table 3, along with the mean cate-
gory goodness ratings for these assimilations. These values were ob-
tained by averaging all participants’ ratings for a given stimulus in the
case of a given Polish vowel label. An English vowel was deemed to be
categorized if the same Polish vowel category was selected to represent
it in more than 70% of the cases (following Antoniou et al. 2012,
Bundgaard-Nielsen et al. 2011 and Tyler et al. 2014). A slightly different
pattern of results for some of the vowels would have been obtained if
the 50% criterion had been used.

Table 3. Mean percent assimilation and goodness rating (in parentheses)
of English stimuli to Polish vowels

English vowel Stase Polish vowel orthographical labels
stimuli & i y (/) e a 0 u
one 98.15 1.85 3 3 _ _
N (4.9) @
fi:/
two 100 - - - - -
(4.5)
one 46.3 50 3.7 B _ _
W (4.52) (4.4) 4
I
two 41.18 58.82 3 B B _
(4.3) “
one B 3 98.18 1.82 B B
4.7 )
le/
w 3 3 100 B 3 3
© (4.8)
one - - - 100 - -
4.7
e/
wo B 3 1.96 98.04 B B
) 4.3)
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one B 1.85 1.85 79.63 | 16.67 B
I/ (2) 4) 4.5 | 38
two B B 1.96 7647 | 21.57 B
(2) 4) (3.5)
one 3 20.75 58.49 20.75 3 3
fa:/ (3.9) (3.6) (3.3)
3
15.69 66.67 15.69 1.96
two - -
(3.9 3.3) 3) 2)
one B B 3.7 87.04 9.26 B
. O | @ |6y
' 0 B 1.96 1.96 90.2 5.88 B
(5) (2) 3.7 | 33)
one - - - - 100 -
4.8
/o/ 48
two - - - - 100 -
(5)
one B B B B 92.59 | 7.41
' @) (3.9
/a:/
two 3 3 3 3 88.24 | 11.76
(3.7 | (3.5
one B 20.37 1.85 B B 77.78
(3.9 (1) 4.4
o/
two B 13.73 3 3 B 86.27
(3.4) 4.2)
one B 3.7 B B B 96.3
' (5.5) 4)
u:/
two 3 3 3 3 3 100
(3.9)

T-tests were used to examine whether the changes in assimilation percent-
ages between stage one and stage two were significant. At the signifi-
cance level a = 0.05 only the assimilations of /u/ to the Polish /u/ changed
significantly (t = 1.761, p-value = 0.0481). At the significance level a =
0.1 the assimilations of the English /1/ to Polish /i/ (t = 1.567, p-value =
0.068) and of the English /u:/ to the Polish /u/ (t = 1.458, p-value = 0.082)
also changed significantly.

T-tests were also used to examine whether, for a given English vowel,
ratings of the goodness of fit to a Polish vowel were considerably lower in
stage two in comparison to stage one. At the significance level a = 0.05
only /&/ and /a/ were considered to resemble the Polish /a/ less in stage
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two than in stage one (t = -1.78025, p-value = 0.046457 for /&/; and t =
-2.08082, p-value = 0.010579 for /a/). When the significance level was a.
= 0.1, goodness ratings were significantly lower in stage two, also for /a:/
(t=-1.59, p-value = 0.07) and /v/ (t = -0.46, p-value = 0.09).

With reference to research question number one, the above results re-
vealed which English vowels were assimilated to which Polish targets,
and that assimilations to Polish vowels changed significantly only in three
cases: /u/, /1// and /u:/ and that goodness ratings were significantly lower in
stage two for /a/, /a/ and /a:/.

3.9.2. Identification of English vowels

In stage two, when the subjects had already been made familiar with the
phonetic symbols of English vowels, they were asked to categorize English
vowels in terms of English vowels. On the screen they saw and clicked on
the phonetic symbols of English vowels (see Figure 2, section 3.8.3).

Table 4. Mean percent identification of English vowel stimuli

English vowel labels
SUMUlUS 0T Jer [ dsd | el | Iad | dad | dol | ol | dol |
i/ o7 | 3| - [ - - -1 -1 -1-1<-1-
Mo 121833 3 |5 - | - | - [ - - - -
el — | “Joool46 a6 | - | - | - -] -] -
3/ — 461580346 | - |76 - | - [15]
e/ o -~ |sis|227|2m8| - | -] -] -
Inl ~ | -] — 15121682 46 [106]| 15 | 15 | —
Ja:/ | - -1 3 |e1]|15]|s18] - [76] - | -
ol I e e R
Jo:/ o o Tws | o - - - |84| 15|76
ol “ 6| - [ 3| - - - - - |88/ 46
i/ s oo o =1 =1 - 17684

The mean percentages of English vowel label selections for English vowel
stimuli representing a particular category are presented in Table 4. Bold-
faced values indicate the most frequently chosen identification response
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per target. There were no category goodness ratings for these selections. An
English vowel was deemed to be categorized in terms of an English vowel
if the same English vowel category was chosen to represent it in more than
70% of the cases (following Antoniou et al. 2012, Bundgaard-Nielsen et al.
2011 and Tyler et al. 2014).

Research question number two asked how identification results were
related to assimilation to Polish vowels in stage two. When we compare
the results of the two tasks, we observe clear relationships. Vowels /i:/, /e/,
/o/ and /u:/ which were assigned to a given Polish category in more than
90% of the cases and received high goodness ratings (higher than the
competitors) were identified with ease in the present task. In the case of
Category Goodness assimilation types /o - o/ and /u: - v/ we may observe
that they were well identified in the present task. In the case of Catego-
rized — Uncategorized partially overlapping assimilation types /i:/-/1/ and
/e - 3:/ we observe that uncategorized vowels were identified in terms of
English vowels with lower correctness scores. Vowels /x/, /a/ and /a:/
which were all assimilated to one Polish category /a/ with varied good-
ness ratings were identified with lower correctness scores here, and were,
in fact, inversely proportional to the goodness ratings in the assimilation
to Polish categories task. Concluding, research question number two re-
garding the relationship between the results of assimilation in terms of
Polish vowels and identification of English vowels is answered positively,
because the latter is dependent on PAM assimilation types.

3.9.3. Discrimination results

Research question number three asked about the rates of discrimination of
pairs of English vowels and whether discrimination improves and if so,
for which pairs of vowels. The overall mean percentage of correct dis-
crimination responses for each contrast in stage one and stage two are
presented in Table 5. The results are presented in decreasing order based
on discrimination rates in stage one. The discrimination results for various
contrasts varied, ranging in stage one from excellent discrimination for
the /i: - 1/ contrast (98.86% correct responses) and five other contrasts
(above 90% for /e - &/, /e - A/, /e - U/, /a - D/, /o: - v/, although the dis-
crimination rates fell slightly below 90% correct for /e-1/ and /2:-v/), to
very good discrimination for and /e - 3:/ (84.09%), and fairly poor dis-
crimination (below 80%) for /& - A/, /A - ai/ and /u: - v/ contrasts. The
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comparison of stage one and stage two discrimination rates did not reveal
any statistically significant differences at the significance level of 0.05. At
the significance level of 0.1, the difference in the discrimination rates for
/u: - u/ is significant. In addition to discrimination rates, Table 5 presents
the calculations.

Table 5. Mean percent correct discrimination scores for the English vowel
contrasts, and t-tests comparing the differences in the results between the
two stages

Percentage of | Percentage of
Vowel |Assimilation type correct correct
; AT A t-test p-value
contrast in stage two  |discrimination in|discrimination in
stage one stage two
Categorized-
iy | Uncategorized, 98.86 96.59 -1.42241 | 0.158482
partially
overlapping
/e -/ | Two Category 95.45 97.73 0.814937 | 0.417334
e - al Two Category 94.32 97.73 1.13576 | 0.259176
Categorized —
le -1/ Uncategorized, 94.32 87.5 -1.61825 | 0.109229
non-overlapping
/n - ol Two Category 92.05 90.91 -0.29995 | 0.764932
o: - ol Category 90.91 86.36 -1.06992 | 0.287613
Goodness
Categorized —
Jo -5, | Uncategorized, 84.09 88.64 1 | 0320084
partially
overlapping
e - Al Single 78.41 71.59 -1.09671 | 0.275796
Category
la: - al Single 76.14 82.95 1.13576 | 0.259176
Category
fu: - ol Single 72.73 82.95 1.904433 | 0.060158
Category
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Assimilation types presented in Table 4 are based on calculations for the
whole group, not on individual assimilation types checked against dis-
crimination rates for a given subject (cf. Tyler et. al. 2014 and Balas
2018). Nevertheless, these calculations confirm the Perceptual Assimila-
tion Model’s predictions concerning discrimination rates as related to as-
similation types. Two Category and Categorized — Uncategorized assimi-
lation types in which either the two nonnative phones are perceived as ac-
ceptable exemplars of native phonemes or one is perceived as an accepta-
ble exemplar and another as something that is not an exemplar of the
same phoneme, should be characterized by very good to excellent dis-
crimination. Tyler et al. (2014) called such assimilations Cross Boundary,
because they cross a phonological boundary between two native pho-
nemes and are both expected to be at least very well discriminated. Weak-
er correct discrimination rates are expected in the case of Category Good-
ness assimilations, because both nonnative phones are assimilated to a
single native phoneme, nevertheless they do differ in goodness of fit to
that phoneme. Sounds from Single Category assimilations, in which two
nonnative phones are perceived as equally good or bad exemplars of a na-
tive category, are expected to be poorly discriminated. The results pre-
sented in Table 4 confirm these expectations, namely that vowels from
Cross Boundary assimilations are the best discriminated contrasts, fol-
lowed by Category Goodness and followed by Single Category assimila-
tions. This finding gives a positive answer to research question number 3:
discrimination rates depended on assimilation types, as predicted by the
Perceptual Assimilation Model. Moreover, there was a significant im-
provement in discrimination only in the case of the /u:-u/ contrast, where
goodness ratings were low in stage one and fell lower in stage two, as if
listeners noticed differences between the two English vowels and the
Polish counterpart.

3.9.4. Results of dissimilarity ratings

In this experiment, participants rated the (dis-)similarity of two English
vowels using a seven-point Likert scale. Twelve contrasts were tested: /i: -
i/,/e-1,le-&/,/e-3/,/e-alle-A,/n-0//a-nAl/o-0/,-0//0-
31/, /b - ai/. Three consonantal conditions, in which each contrast was test-
ed, yielded 36 trials per subject. Upon hearing the two vowels embedded
in two syllables with the same consonantal context, either /bVb/, /dVd/ or
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/gVg/ and subjects were asked to indicate on a seven-point scale whether
they thought the two vowels were not similar (1) or very similar (7).

The results of the (dis-)similarity rating task (see Table 6) are related
to vowel discrimination results (see Table 5). Low vowel pairs were
considered to be the most similar in stage one: /& - A/ (4.04) and /a: - A/
(3.98) and in stage two: /& - A/ (4.32) and /a: - A/ (3.46). There was a
significant change in the dissimilarity rating for the latter pair, implying
that subjects perceived more difference between /a:/ and /a/ in stage
two. These contrasts between low vowels also happened to be among
the two worst discriminated ones (72 through 83% correct discrimina-
tion with significant improvement for neither pair) and with relatively
similar and high goodness rankings. The two high rounded vowels /u: -
u/ were also considered similar (4.54 in stage one and 4.07 in stage two,
a statistically significant improvement), most likely because the two fea-
tures [+high] and [+rounded] (weakly rounded as English /u:/ and /u/
are) are associated with only one Polish /u/ category which subsumes
any L2 sounds sharing these two features, and disregards the tongue ad-
vancement difference. These two English vowels also posed difficulties
in the discrimination task (73% correct discrimination in stage one vs.
83% correct discrimination in stage two, a statistically significant im-
provement) and they both had medium goodness ratings. It can be con-
cluded that the three most poorly discriminated vowel pairs /u: - v/, /& -
A/ and /a: - A/ were also the ones deemed to be the most similar.

Table 6. Mean (dis-)similarity ratings of English vowel contrasts on a
Likert scale (1 meant not similar, and 7 meant very similar), and t-tests
comparing the differences in the results between the two stages

(Dis) (Dis)

English Lo A
similarity rat- | similarity rat- -
vowel L L t p-value Significance
ings in stage ings in stage
contrast
one two
J - A/ 4.04 432 -0.06522 | 0.948233 Non-
oA ' ' ' ' significant
la: - A/ 3.98 3.46 2.45917 0.017041 Significant
M - o/ 4.54 4.07 2.228547 | 0.029876 Significant
/a -v/ 3.63 3.04 2.124111 0.03809 Significant
. Non-
fir -1/ 3.37 3.11 1.123734 0.26592 significant
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Jo: - v/ 3.33 3.33 0362355 | 0718451 | g':i%”c'am
/o-al 3.05 2.63 172628 | 0089811 | g';'i(;i'::'am
e -3/ 2.96 2.93 0179528 | 0.858171 | g';'i(;i'::'am
& - a/ 2.35 2.51 080247 | 0.425676 | g’;'i(;i”(;am
/5 -3/ 2.27 2.21 2376912 | 00209 | Significant
/e - 2.02 2.14 061777 | 053923 | g’;'i‘;?(;am
e -/ 1.93 2.16 2.16 023264 | g':i‘;i”(;am

There was also a significant improvement in the recognition of dissimilar-
ity between /a/ and /o/. This vowel pair, although perceived as rather sim-
ilar, at least in stage one, was rather well discriminated (92% correct dis-
crimination in stage one, 91% correct discrimination in stage two, a non-
significant change). There is a difference in the tongue height and the
amount of lip rounding between the two vowels, which might be respon-
sible for relatively good discrimination although the vector length differ-
encies relatively small. Vowels /i: - 1/ were also considered only some-
what dissimilar (3.37 in stage one and 3.11 in stage two, a non-significant
change), although their discrimination rate was ceiling in both stages.
Vowels /a: - o/ were also placed in the middle of the similarity-
dissimilarity scale, but they were not discriminated at ceiling rates (90.91
in stage one and 86.36 in stage two). The /o - a:/ contrast was judged as
somewhat dissimilar (3.05 in stage one and 2.63 in stage two, a non-
significant decrease). Vowels /e - 3:/ were evaluated consistently as rather
dissimilar (2.96 and 2.93 in stage one and two respectively), although
their discrimination rates were not excellent (84.09% and 88.64%). In
fact, both results were fairly close to the middle of the scales used by sub-
jects in both tasks. Slightly weaker discrimination than we could expect
on the basis of dissimilarity rating could be ascribed to the major differ-
ence between these two vowels being in tongue advancement only (dura-
tion did not matter for discrimination of other pairs, either). Contrast /e -
A/ was judged to be dissimilar (2.35 and 2.51 in stage one and two respec-
tively) and it was also discriminated excellently: 94.32% and 97.73%.
Vowels /u - 3:/ were also rated as dissimilar (2.27 and 2.1 in stage one and
two, respectively). The two most dissimilar contrasts /e - 1/ (2.02 and
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2.14) and /e - &/ (1.93 and 2.16 in stage one and two, respectively) had
discrimination rates higher than 90% and they were all categorized into
different categories with the English /e/ categorized as Polish /e/, /1/ and
/&/ not falling into the /e/ category. Vowel /e/ and the two other vowels
in the most dissimilar contrasts are differentiated by vowel height differ-
ences.

3.10. Discussion

This study was a longitudinal examination of English vowel perception
by Polish learners of English. The purpose was to test how selective atten-
tion to features helps in the development of L2 vowel perception. The re-
sults are discussed with reference to the four research questions and the
role of selective attention to features. Discrimination results are discussed
first, followed by assimilation, identification and (dis-)similarity ratings
results.

3.10.1. Discussion of discrimination results

Research question number three asked about discrimination rates and their
improvement between stage one and stage two. Only in the case of Single
Category assimilation of /u:/ and /u/ to the Polish /u/ did we notice statisti-
cally significant improvement in discrimination rates. WWe may only specu-
late why discrimination rates for low vowel pairs, also assimilated as Single
Categories, did not improve — it may be because of minimally higher good-
ness ratings. It would seem that the more subjects notice the difference be-
tween the L2 sounds and the L1 sounds, the more likely they are to use the
discrepancy to discriminate between the two sounds in question.

No improvement in discrimination between other English vowels was
observed, which is an unexpected result. It was assumed that there would
be improvement after a whole year of intensive pronunciation and lan-
guage training. Surely, if assimilation types between stage one and stage
two did not change, according to the Perceptual Assimilation Model we
would not expect differences in discrimination rates. Differences in dis-
crimination rates could also stem from lower goodness ratings in stage
two. It needs to be emphasized here that lower goodness scores were only
recorded for the low vowels /&, A, a:/ and for /1/. What changed in the
case of /uy/ and /u/ were assimilation scores to the Polish /u/. They also
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changed for /1/, but the /i: - 1/ contrast was excellently discerned, includ-
ing in stage one, probably because it resembles the Polish contrast /i - #/.

3.10.2. Discussion of categorization results

Research question number one asked about assimilation patterns of Eng-
lish vowels in terms of Polish vowel labels and also about goodness rat-
ings. Moreover, it asked how categorizations and goodness rating differed
in stage one and stage two. When we look at responses to given stimuli,
we generally observe that the fewer the responses to a given target, the
lower the goodness rating. This suggests that the measures were reliable.
The results are in line with those presented by Balas (2018)

An examination of assimilations and goodness ratings reveals some
interesting patterns. Beginning with the /i: - 1/ contrast, it needs to be no-
ticed that there is asymmetry in perception here. The English /i:/ was per-
ceived almost exclusively as Polish /i/, with average goodness ratings of
4.9 in stage one and 4.5 in stage two on a seven-point Likert scale.

The English /1/, however, was also perceived as Polish /i/ in 46.3% and
41.18% of the cases in stage one and stage two, respectively, and with
goodness ratings of 4.52 and 4.3 points. Assimilations to /i/ amounted to
50% and 58.82% with goodness ratings of 4.4 and 4 in stage one and two,
respectively. These assimilation results are in line with those reported by
Szpyra-Koztowska (2016), who examined English /1/ adaptations in loan-
words in Polish. She found a similar pattern in an /i/ categorization study,
which led her to conclude that the English /1/ is mostly nativized as Polish
/i/ in line with nativization through production (LaCharité and Paradis
2005) as a substitution which is phonologically, but not phonetically or per-
ceptually, motivated. If we analyze assimilations of English /1/ as a function
of a consonantal context, it turns out that /i/ in a velar context was assimi-
lated as the Polish /i/ (94.44%, goodness rating 4.65 in stage one, the re-
maining cases were assimilated to /e/, none to /i/; and 72.22%, goodness
rating 4.92 in stage two). These results need to be ascribed to Polish phono-
tactics, which does not allow for /i/ after velars. Polish learners of English,
upon hearing /gig/ “repair” the vowel in an illegal /CVC/ string and choose
the nearest legal /CVC/ counterpart as a target in perception. It must be not-
ed here that the perception of second language vowels is governed by co-
occurrence restrictions on consonant-vowel combinations in the L1, in ad-
dition to L1 and L2 vowel characteristics. In a similar fashion, Bundgaard-
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Nielsen et al. (2016) described this effect for English consonants when per-
ceived in illegal Japanese /VVCV/ strings by Japanese learners of English.
The authors noticed that models of non-native and cross-language speech
perception like PAM can predict perception success for non-native con-
trasts, but fail to account for the role of native phonotactics in non-native
segmental perception. The present results (in addition to Balas 2018, where
80% of /1/ instances in a velar context were perceived as /i/) provide yet
another piece of evidence that perception is modified by phonotactics. It is
worthy of note that we can also observe a statistically significant increase
in assimilations to /#/ from 50% to 59.26 % (at a = 0.1, t = 1.573, p-value =
0.068). The change is caused by an increase in assimilations of English /1/
in a velar context to Polish /i/ — from 0 in stage one to 27.78% in stage two.
This implies that gradual overcoming of native phonotactics in L2 vowel
perception is underway.

English /e/ instances were perceived as the Polish /e/ in 98.18% and
100% of the cases in stage one and stage two, respectively, and with rela-
tively high goodness rankings (4.72 and 4.86) — probably due to a small
articulatory difference in the vowel height. This result sheds new light on
the interpretation of the result obtained by Rojczyk (2010a) — the English
vowel /e/ is indeed rather similar to the Polish counterpart.

At the assumed 70% categorization threshold, the English /3:/ is an
uncategorized vowel in both stages. It was assimilated to the Polish /e/ in
58.49% of cases, and had a goodness rating of 3.58 in stage one, and a
66.67% assimilation rate as well as a goodness rating of 3.2 in stage two.
For other vowels, goodness ratings were lower in stage two than in stage
one, signaling that subjects were aware of and/or perceived more differ-
ences between English and Polish vowels. Here, the t-test shows that, in
fact, in stage two subjects were more confident that the Polish /e/ was the
right target for the English /e/ (t = 0.048, p-value = 0.076). Other targets
for the English /e/ included /i/ and /a/ (around 20% assimilation in stage
one, and 15% in stage two). The acoustic difference in both F1 and F2 be-
tween the English /3:/ and the Polish /e/ was perceived as being more
striking than just a difference in vowel height between the English /e/ and
Polish /e/.

Subjects treated the central Polish /a/, the only low vowel in Polish, as
the target for the three English low vowels. Naturally, assimilation per-
centages and goodness ratings of the sounds from the three categories var-
ied slightly. In stage one, the three English vowels scored as follows: /a/
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— 100% assimilation to the Polish /a/, 4.74 points in goodness rating, /a/ —
79.63%, 4.51 points in goodness rating, and /a:/ — 87.04% and 4.04 points
in goodness rating. In stage two, the following values were recorded: /a/
— 98.05%,4.32 points in goodness rating, /a/ — 76.47%, 4 points in good-
ness rating, and /a:/ — 90.2% and 3.74 points in goodness rating. None of
the vowels exhibited a significant increase in assimilation percentages.
The vowel /a/, however, had considerably lower goodness ratings in stage
two than in stage one (t = -2.08, p-value = 0.01 at o = 0.05) and this was
similar for the vowel /a:/ —t = -1.59, p-value = 0.06, but this time at o =
0.1. Therefore, it can be stipulated that at stage two subjects noticed that
these vowels differed considerably from the Polish target. This is the first
prerequisite for new category formation according to Flege (1995).

As for phonetic details of the stimuli, the formant values for the /a/ in
here were typical of the current British English centralized low /&/ as re-
ported by Hawkins and Midgley (2005), as opposed to the former front
/&/. As at both stages /&/ has the highest percentage of assimilations to
the Polish /a/, and the highest goodness ratings, subjects must have con-
sidered it to be the best perceptual counterpart of the Polish /a/. The pre-
sent results are in line with Rojczyk (2010b, 2011), who found that /ae/
and /a/ were spectrally subsumed by the Polish /a/, and that irrespective of
their spectral characteristics, stimuli with longer durations were identified
as /ee/ and with shorter durations as /a/. In production, the English /&/ is
commonly substituted by the Polish vowels /e/ and /a/, based on a ‘false
friends’, segmental and suprasegmental context (Gonet et al. 2010a). Pro-
duction results obtained by Gonet et al. (2010a) also revealed that the
Polish vowels /e/ and /a/ which were substituted for the English /a/ were
probably chosen on the basis of spelling.

It seems that the more retracted an low English vowel is, the worse the
goodness ratings it received. Also, between 16-21% of English /a/ cases
were categorized as the Polish /o/, and as expected the goodness ratings
were relatively lower — 3.7. These results also suggest that any feature
which is different from the features present in an L1 category (i.e. more
retraction of the tongue or longer duration/tenseness in /a:/ and higher
tongue position for /a/) yields lower goodness ratings. Generally, discrep-
ancies in vowel height for other vowels were easier to spot and penalized
more than those in the tongue advancement.

As for the English mid back vowels /o/ and /2:/, the subjects seemed to
judge /o/ to be the best exemplar of the Polish /o/, as 100% of its instanc-
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es were categorized as /o/, and the goodness ranking’s average was high —
4.83 points in stage one and 4.98 in stage two. The English /a:/ was per-
ceived as the Polish /o/ in around 90% of the cases in both stages, with
goodness ratings ranging from 3.98 to 3.67. The remaining responses, alt-
hough below the chance level, pointed to the Polish /u/ as being an assim-
ilation target for the English /o:/, with a goodness ranking of 3.5 points. If
the height of the Polish vowel is intermediate between the two English
vowels /o/ and /o:/, the tenseness of /2:/ must contribute to the vowel being
judged as a worse exemplar of the Polish /o/ than the English /o/.

The English /u:/ was perceived as Polish /u/ in 96.3% in stage one,
with an increase to 100% in stage two. The increase in assimilation to the
Polish /u/ was statistically significant at a = 0.1, t = 1.46 and p-value =
0.081569. Goodness ratings equaled 4.04 points in stage one and 3.8 in
stage two, but the change was not statistically significant. In stage one,
the only instances of /u:/ which were not assimilated to the Polish /u/ were
the /ui/ stimuli in the alveolar contexts assimilated to the Polish /i/ —
11.11% with a goodness rating of 5.5, so considerably better than for as-
similations to /u/ in the same context, i.e. 3.88 (which is identical to the
goodness ratings in the bilabial context and much worse than in the case
of the velar context — 4.39). These details must be due to /u:/ fronting in
the alveolar context and the retracted realizations of /uy/ in the velar con-
text. Subjects gave low goodness ratings to fronted realizations in the al-
veolar context, central realizations in the bilabial context, and clearly pre-
ferred the back /u:/ in the velar context. The length of the vowel stimuli
and the limited lip rounding still make such back realizations of /u:/ in the
velar context not the ideal fit for the Polish /u/.

Fewer instances of /u/ than of /u/ were assimilated to the Polish /u/ —
77.78% in stage one with an increase to 86.27% in stage two. The change
was statistically significant at a = 0.05 with t = 1,76 and p-value = 0.048.
Goodness ratings decreased from 4.36 in stage one to 4.2 in stage two,
which was not a significant drop. The remaining /uv/ instances were assimi-
lated to the Polish /i/ — 20.37% in stage one and 13.73% in stage two. If we
look at consonantal contexts, we can notice that no instances of /u/ in velar
contexts were assimilated to /i/, only 16.67%, which happens to be the
chance level, of instances of /u/ in the bilabial context, and 44.44% in the
alveolar context (here the goodness ratings were also higher than for other
targets) were assimilated to the Polish /i/. The last case needs to be inter-
preted as a result of /u/ fronting in alveolar contexts. To disentangle the re-
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lationships between vowel formant characteristics, contextual influences
and the role of duration/context, a more detailed study involving the three
contexts and manipulated duration steps would be needed.

The results of stage one in the present study do not considerably di-
verge from the results presented in Balas (2018), which is not surprising,
because 18 of the 35 subjects’ results in the other study were actually ana-
lyzed here. The main focus of this study, however, is the change in per-
ception between stage one and two. When we analyze assimilation results,
it seems that in stage two those assimilation targets which were most of-
ten chosen in stage one actually gather even more responses, in the vein
of “winner takes all”. The increased assimilation percentages were statis-
tically significant in the case of /u/ (at a = 0.05) and // and /uy/ (at o =
0.1). The results were ceiling in stage one for the following vowels: /i, e,
&/ and /o/, so they could not be increased. The changes were not statisti-
cally significant for /3:, a:, o/ and /a/.

In the light of phonetic information and comparative English-Polish
phonetics and phonology, the change in the case of /1/ was caused by fewer
assimilations of /1/ to Polish /i:/ in the velar context, where /#/ is not allowed
by Polish phonotactics. We can observe here a gradual process of restricting
the application of a Polish phonotactic rule in L2 speech perception.

In the case of /ui/ and /u/, the increase of assimilations to /u/ must have
been caused by embracing the fronted realizations in alveolar contexts —
in stage two subjects showed that they had begun to realize that the Eng-
lish categories for /u:/ and /u/ are wider than for the Polish /u/, that they
involve fronted variants and that these vowels are not as rounded as the
Polish vowels.

Subjects in the present study complied with the requirements stipulated
by Bongaerts (1990) for successful L2 perception: as English majors, they
were highly motivated, had considerable exposure to the L2, and they un-
derwent intensive phonetic training between stage one and stage two of the
experiments. Both the Perceptual Assimilation Model (Best 1995) and the
Speech Learning Model (Flege 1995) assume that L2 learners assimilate L2
sounds to L1 categories. With growing experience in the L2, they should
start noticing more discrepancies between the L1 and L2 sounds, so that
they have the motivation to establish new categories for the L2 sounds.
Flege (1991) and Flege et al. (1997) showed that experienced learners out-
performed inexperienced learners. Cebrian (2002) did not show any differ-
ences in L2 vowel categorization by immersion learners and learners from
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a formal education setting. Cebrian (2006) found no difference in English
vowel assimilation to Catalan categories in the case of advanced learners
(English majors in one group, immigrants to Canada in the other). He noted
that there might be a bigger difference at lower levels of proficiency.

Bearing these mixed results in mind, it can be argued that the present
study did manage to trace the change of perception in progress. In the
case of three categories /u, u:/ and /1/ an increase in assimilation percent-
ages for a given Polish target was observed. More importantly for new
category formation (Flege 1995), in the case of five English vowels, /a, a
a:/ and /1/, a significant decrease in goodness ratings was found. For ad-
vanced learners of English, in spite of several ceiling results, we still ob-
served changes in the case of five vowels. This implies that even for ad-
vanced learners, modifications in perception are attainable.

All three English low vowels /&, A/ and /a:/ were assimilated to the
Polish /a/ with varying goodness ratings. The results for /a/ were 100%
and 4.7 in stage one, and 98.04 and 4.3 in stage two. The decrease in
goodness ratings was significant. The English /a/ was assimilated to
Polish /a/ in stage one in 79.63% of the cases (goodness rating: 4.5) and
76.47% of the cases (goodness rating: 4). The decrease in goodness rating
was also statistically significant. The contrast /e-a/ was assimilated as
Single Category type. The English /a:/ was assimilated as Polish /a/ in
stage one in 87.04% of the cases (goodness rating 4) and in stage two in
90.2% of the cases, goodness rating (3.7). The decrease in goodness rat-
ings here was also statistically significant, but at a = 0.1 (t = -1.59 and
p-value = 0.06). The contrasts /a-a:/ and /a-a&/ were assimilated as Cate-
gory Goodness types. It seems that one or both features differentiating /a:/
from the Polish /a/, either duration/tenseness or considerable retraction,
must have been responsible for lower goodness ratings for /a:/ in compar-
ison to /a/. The fact that all the three English low vowels were assimilated
to /a/ with varying goodness ratings signals that subjects noticed differ-
ences at least between /a:/ and the other two more fronted English vowels.
This was probably due to selective attention to features: listeners accepted
all the three English vowels as counterparts of the Polish /a/, but marked
that not all of them fitted the Polish category equally well.

On the basis of the goodness ratings for /3:, a:, 2:/ and /u:/, which were
lower than for checked vowels, it would seem that longer dura-
tion/tenseness was responsible for the results. Goodness ratings for /i:/,
however, were generally high. In terms of articulatory characteristics, the
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English /i/ is closer to the Polish /i/ than other English free vowels are to
their respective Polish counterparts. The English /3:/ is a central vowel,
more retracted than the Polish /¥/ or /e/, and much higher than /a/. The
English /a:/ is more retracted than the Polish /a/, British English /oy is
much higher than the Polish counterpart, and the English /u:/ is central ra-
ther than back and has little lip rounding. So perhaps it is the coupling of
two different features (duration/tenseness and spectral characteristics) that
yields lowered goodness ratings.

Concluding, when we compare stage one to stage two, with reference to
research question number one, the responses to the main targets increased
in the case of /u/, /u:/ and /1/, as if “the winner takes all”. Goodness ratings
decreased in the case of /&, a, ai/ and /1/, implying that subjects had real-
ized/noticed that these vowels were different from their Polish counterparts.
This step is necessary for establishing a new category. The English /e/ and
/o/ were considered to be similar to their Polish counterparts in both stages
and in fact they are articulatorily rather similar. The English /3:/ and /a/
were considered dissimilar from their Polish counterparts in both stages.
When we analyze differences between goodness ratings for English vowels
or when we look at decreased goodness ratings in stage two, we can easily
relate them to articulatory and acoustic differences between Polish and
English vowels. Analyzing the cases of vowels which are different in re-
spect of both spectral characteristics and duration/tenseness, we observe
that two different features between the English vowel and the Polish coun-
terpart yielded lower goodness ratings, which supports the hypothesis of se-
lective attention to features.

3.10.3. Discussion of identification results

In stage two, subjects were asked to identify English vowels using Eng-
lish vowel phonemic labels based on the IPA alphabet, which they were
familiar with from their pronunciation and phonetics and phonology
courses. Correct answers prevailed, but they spanned from 97% for /i/,
around 90% for /p, e, o:/ and /u:/, around 80% for /1, a:, 3/ and /uv/, 68.2%
for /a/ and as low as 51.5% for /a/.

As predicted, those vowels which were assimilated as Single Category,
namely /&/ and /a/, were identified with the lowest accuracy. Vowels in
other contrasts were assimilated to a Polish vowel as Cross Boundary types,
namely Categorized — Uncategorized and Two Category assimilation types,
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and they were better identified in the present task. Uncategorized vowels /1/
and /3v/ were identified at correctness levels similar to /a:/ and /u/, which
were involved in Category Goodness assimilation types with medium
goodness ratings differences (/u/ — 3.8, /uv/ — 4.2, /a:/ — 3.7 and /a/ — 4). The
third example of Category Goodness assimilation was /o - o:/ with a larger
difference in goodness ratings: 4.8 and 3.7 respectively, and these two
vowels were identified with high correctness rates, together with /e/ (where
assimilation to the Polish /e/ did not show much overlap with other English
vowels) and /u:/, which may not have high goodness rankings, but was
unanimously assigned to the Polish /u/. The best identified vowel, /i:/, was
involved in a Categorized — Uncategorized assimilation type, only partially
overlapping with /v/, but for phonotactic rather than acoustic reasons.
Generally, the vowels that were well identified, probably because they
are conspicuous and salient, were the long/free vowels /ii/, /o:/ and /ui/,
with the exception of /3:/ which has spectral characteristics that are new
for L1 Polish listeners and /a:/ which is assimilated to Polish /a/ with two
other English vowels. Also, vowels similar to Polish vowels (with high
goodness ratings) and without strong competitors, i.e. /e/ and /b/ were ac-
curately identified. Vowel /v/ is also rather similar to the Polish counter-
part, but there are phonotactic restrictions on its occurrence (in Polish, /i/
does not occur after velars), which have interfered here: /i/ was correctly
identified in 90.91% of cases in the bilabial context, 95.45% in the alveo-
lar context and only in 63.64% in the velar context. Another fairly well
identified vowel was /u/ (78.8% correct identifications), which had higher
goodness rating scores than its free/long counterpart /u:/. The results for
low vowels would be another example of the tendency that free/long
vowels are more accurately identified than their checked counterparts: the
free and long /a:/ was more accurately identified. At the same time, the
vowel /&/ which is a checked vowel, but with long duration, was the
worst identified vowel, though we may speculate that it was due to the
two competing vowels, assimilated to the same Polish category as /&/.
Addressing research question number two, we can conclude that iden-
tification accuracy of English vowels depended on their assimilation types
to Polish vowels, that free/long vowels were easier to identify. Further-
more, in the case of Single Category and Category Goodness assimila-
tions with relatively small differences in goodness ratings, the lower the
goodness ratings for a given vowel were, the better it was identified.
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Also, new tongue advancement contrasts were difficult: the three chal-
lenging low vowels /&, A/ and /a:/ are primarily distinguished by F2, and
/3:/ and /u/ represent high-mid and mid central vowels, whereas the only
Polish central vowel is a low /a/. When the high central vowel was the
long /uy/, its characteristic length made it more readily identifiable.

If a vowel was misidentified, the chosen response category was close
to the target in terms of F1 and F2, but duration mediated categorization:
/3:/ interpreted was as /a:/, /a/ was interpreted as /a/ (12.1%) or /o/
(10.6%) and rarely as /a:/ (4.5), /a:/ was interpreted as a checked vowel,
but with long duration — /&/ (6%) or /o:/ (7.6%), but never as /o/ or rarely
as /a/ (1.5%), /o:/ was interpreted as /u:/ (7.6%) much more often than as
/v/ (1.5%), which is closer to /o:/ in terms of F1.

In comparison to the transcription task results reported by Porzuczek
(1996), the present results on accuracy in English vowel identification are
generally higher, which may have to do with the lower cognitive load of
the present task, where the subjects needed to choose one transcription
symbol out of 11 monophthong symbols visible on the screen rather than
transcribe the vowels, when the task involved both monophthongs and
diphthongs.

3.10.4. Discussion of (dis-)similarity rating results

As Flege, Munro and Fox (1994) argue, L2 vowels should seem dissimi-
lar in a crowded vowel space, if L2 learners are to establish new catego-
ries for them. The higher the perceived dissimilarity between L2 vowels,
the more chances there are for establishing new phonetic categories.
Research question number four asked about the relationship between
assimilation, discrimination rates and (dis-)similarity ratings. In the pre-
sent study, similarly to Balas (2018), poorly discriminated pairs
(/& - A/, /a - ai/ and /u: - u/) were the ones judged to be most similar. The
fact that low vowels were rated as similar is yet another argument for the
three vowels functioning as one Polish /a/ category with various degrees
of goodness. The /u:-u/ contrast was the worst discriminated contrast, the
vowels were judged to be very similar and they were assimilated to a sin-
gle Polish /u/ category. In both tests, however, the changes between stage
one and stage two were statistically significant, which confirms the corre-
lation between the two tasks. Two more contrasts (/o - o/ and /a - /)
deemed to be somewhat similar were discriminated at rates higher than
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86% in both stages. Vowel contrasts considered to be dissimilar were the
ones which were assimilated to different Polish vowel categories and which
included height differences (results equal to or smaller than 3.37 on a sev-
en-point Likert scale): /i: - 1/, /o - @/, /e - A/, lu - 3¢/, /e - / and /e - &/.

One could expect, on the basis of Bohn’s (1995) desensitization hy-
pothesis, that duration/tenseness differences would enhance the percep-
tion of vowels as different, however this did seem to be the case. It is
noteworthy that the least similar vowel pairs, that is /e - &/, /e - 1/ and /
e - A/ do not have duration/tenseness distinctions. (Dis-)similarity ratings
seem to be based on assimilations to categories and height differences.

3.11. Conclusions

The four research questions about the perception of 11 British English
monophthongs by Polish advanced learners of English in a formal instruc-
tion setting were answered on the basis of a longitudinal study.

As an answer to research question number one about the changes in as-
similation patterns of English vowels to Polish vowels between stage one
and stage two, we can conclude that for some vowels we observed progress
toward new category formation, namely decreased goodness ratings for /e,
A, a/ and /v/ (which is in line with Flege 1991). Further, the English /3:/ and
/a:/ were considered dissimilar to their Polish counterparts in both stages,
whereas the English /e/ and /b/ were considered similar. When both spectral
differences and duration differences were present between English and
Polish vowels, they were assimilated with considerably lower goodness rat-
ings. It seems that in the case of inherent duration differences between
Polish and English vowels and greater acoustic difference between the
vowels, the English vowels were more likely to be perceived as different
from Polish vowels. This provides some support for the role of selective at-
tention to features in L2 speech perception — subjects were able to observe
and react to subphonemic differences between vowels.

With regard to research question number two, we can claim that identi-
fication results can well be related to assimilation results, with very detailed
adjustments based on goodness rankings. Vowels assimilated as Single Cat-
egory were identified with the lowest accuracy, whereas vowels from Cross
Boundary assimilation types were identified most accurately. Depending on
differences in goodness rankings, some Uncategorized vowels and vowels
coming from Category Goodness assimilation types were identified at simi-
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lar levels. Higher identification scores were obtained for vowels with larger
differences in Category Goodness assimilation types. Moreover, vowels
from Single Category and Category Goodness assimilations with relatively
small differences in goodness ratings were better identified when the good-
ness ratings for a given vowel were lower.

Generally, long/free vowels were better identified than short/checked
vowels, but the results were mediated by phonotactic restrictions and sim-
ilarity to Polish vowels. Moreover, vowels from contrasts based on new
tongue advancement distinctions were difficult to identify. Misidentifica-
tions rarely targeted a vowel with a different length. All these small ad-
justments to reliance on assimilation types in identification (i.e. reliance
on categories) signal that listeners were attentive to phonetic details, both
based on universals (longer duration is more conspicuous, tongue ad-
vancement distinctions are less frequent in world languages than tongue
height distinctions) and selective attention to features (the larger the dif-
ference in Category Goodness assimilation, the easier the identification of
the vowels coming from such a pair).

Research question number three asked about discrimination rates and
potential changes. Since for numerous pairs discrimination was very good
to excellent, there was little room for improvement here. Nevertheless,
out of average and weakly discriminated pairs, significant improvement
in discrimination was only recorded for the /u: - v/ contrast, where both
vowels were more consistently assimilated to the Polish /u/ in stage two.

With regard to research question number four, which asked about
(dis-)similarity ratings and changes between stage one and stage two, as
well as relationships with assimilation and discrimination results, it can be
claimed that the most similar vowels were also poorly discriminated. The
most dissimilar vowel contrasts came from Two Category assimilations
and included the difference in the position of the tongue. Duration differ-
ences did not enhance judging vowels as dissimilar.

The universal tendency of vowel systems to have more tongue height
than advancement distinctions is confirmed here: tongue height differ-
ences were more discernible than tongue advancement differences and
vowels involving tongue height differences were perceived as more dis-
similar than those which differ in tongue advancement. This result might
have implications for teaching pronunciation. More attention should be
paid to discriminating and practicing these vowel contrasts which rely
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primarily on tongue advancement: especially low vowels and high central
vowels.

English low vowels were difficult for Polish subjects to perceive in all
the tasks. They were categorized as the Polish /a/ in the assimilation task.
The more retracted the stimulus was, the lower the goodness ratings were,
especially in the case of /a:/ which is also a long/free vowel. In the identifi-
cation task, the accuracy for low vowels spanned from very poor to medi-
um. In the (dis-)similarity rating task, /& - A/ and /a: - A/ were judged to be
the most similar of all the pairs presented. Taken together, the results imply
that /e, A/ and /a:/ were perceived by Polish learners in terms of the Polish
/a/, and that the tongue advancement differences between them and longer
duration of /&/ and even more so of /a:/ were not enough to yield easy dis-
crimination, identification or differentiation between these three vowels.

Contrasts involving duration/tenseness differences were neither easily
discriminated nor prone to be rated as different. Duration/tenseness dif-
ferences only contributed to lower goodness ratings of the free/long vow-
els. Whenever there were two English vowels categorized as one Polish
vowel, it was the longer stimulus that received lowered goodness ratings.
Three long vowels /i:, o/ and /u:/ were well identified and /a:/ was better
identified than other low vowels. Nevertheless, there were counter-
examples: /3:/ was not particularly easy to identify (admittedly, it is a rare
vowel with peculiar spectral characteristics) and /e/ was the worst identi-
fied of all the vowels. The role of duration, however, mediated misidenti-
fications: short vowels were mistaken for other short vowels and long
vowels for other long vowels. The above results suggest that longer dura-
tion is a readily available cue of English vowels for Polish subjects in
forced-choice identification, categorization and rating tasks, but it does
not seem to be used as a cue in vowel discrimination or (dis-)similarity
rating. These findings impose certain limits on the desensitization hypoth-
esis (Bohn 1995) and supplement the results obtained by Bogacka (2004),
who found that duration was more important than spectral differences in
identification of /i: - 1/, Waniek-Klimczak (2005), who found that short
and long vowels were differentiated by Polish learners of English, but to a
lesser extent than by native speakers, and Rojczyk (2010b and 2011), who
found that the /& - A/ contrast was primarily distinguished on the basis of
vowel length. The results support the feature hypothesis (McAllister et al.
2002) and selective attention to features hypothesis (Pajak and Levy
2014), in that the Polish listeners with no experience of contrastive dura-
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tion in the L1, find it difficult to perceive the cue in the L2. Moreover,
they suggest that in some tasks the developing sensitivity to duration
might be captured earlier than in other tasks.

We cannot claim that selective attention to features guides L2 speech
perception development, but we observed that it supplements categories
as the main elements in the system, especially when subjects assigned
goodness ratings and found it easier to identify a given vowel thanks to a
specific feature. Discrimination and (dis-)similarity rating results seem to
have stemmed primarily from assimilation types. Familiar tongue ad-
vancement positions were accurately perceived when coupled with famil-
iar length. In the case of tongue advancement distinction at unfamiliar
heights, such as English low vowels and high central vowels, challenges
in perception were easy to track.



Chapter Four
Perception of third and foreign language vowels

The next level of testing for the hypothesis on selective attention to features
involves the domains of L3 and foreign' vowel perception by multilinguals.
Foreign vowel perception means the perception of vowels of a language
which the subjects had not been learning, whereas L3 vowels mean the
vowels of a language the subjects had been learning as a second non-native
language. Section 4.1. introduces theoretical attempts to account for multi-
lingual influence in L3 acquisition, including the existing models of L3 ac-
quisition, their verification in L3 speech studies by Wrembel (2015), and
the Natural Growth Model (Dziubalska-Kotaczyk 2016, Dziubalska-
Kotaczyk and Wrembel 2017). Section 4.2. presents previous research on
non-native vowel perception with respect to three aspects. Section 4.2.1.
shows that listeners with various L1s perceive non-native vowels differ-
ently. Section 4.2.2. analyzes the influence of inventory size on non-native
vowel perception, whereas section 4.2.3. shows that native and non-native
dialects play a role in non-native speech perception, in accordance with the
role of acoustic detail in speech perception. Finally, section 4.2.4. discusses
non-native perception by bilinguals. Section 4.3. begins with the presenta-
tion of the few existing studies on speech perception in L3. A summary of
the assumptions of the present study is presented in section 4.3.2. and the
aspects of selective attention to features which are relevant to the present
study are described in section 4.3.3. The characteristics of vowel systems
in the languages employed in the study are presented in section 4.4. The
remaining part of the chapter is devoted to the study two (section 4.5.):
research questions, method, results and discussion.

! In language teaching literature the term foreign might refer to the language studied
in classroom. In speech perception literature usually the term non-native is used. Since all
the languages discussed in this chapter, except for Polish, are non-native for the subjects,
and we still need to distinguish between the languages the subjects are familiar with (L1,
L2, L3) and the language they never had contact with, the term foreign is used to designate
the latter.
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4.1. Multilingual influence in L3 acquisition

In this section, aspects specific to L3 acquisition are presented to emphasize
the fact that language acquisition by bilinguals differs from language ac-
quisition by monolinguals. Section 4.1.1. discusses models of L3 acquisi-
tion while section 4.1.2. shows how these models were challenged by L3
studies conducted by Wrembel (2015), and as a result Dziubalska-Kotaczyk
(2016) and Dziubalska-Kotaczyk and Wrembel (2017) proposed the Natu-
ral Growth Model (presented here in section 4.1.3.).

4.1.1. Models of L3 acquisition

Several models of L3 acquisition relating mostly to morpho-syntax have so far
been proposed: the Cumulative Enhancement Model (Flynn, Foley and Vin-
nitskaya 2004), the L2 Status Factor Model (Bardel and Falk 2007 and 2012),
the Typological Primacy Model (Rothman 2011 and 2015) and the Linguistic
Proximity Model (Westergaard, Mitrofanova, Mykhaylyk and Rodina 2017).

The Cumulative Enhancement Model (Flynn, Foley, Vinnitskaya 2004)
assumes that all languages known to a learner influence subsequent language
acquisition if they can play a facilitative role, because all language learning
should be accumulative and non-redundant. Neither the L1 nor the L2 main-
tains a privileged role. For the sake of cognitive economy, the parser should
determine what is facilitative and what is not. Yet the mechanism that allows
for facilitative transfer is unclear. Rothman and Halloran (2013: 57) observe
that in the Cumulative Enhancement Model the facilitative transfer could
only occur on “a property-by-property basis, as only such a mechanism
could guarantee that transfer from either the L1 or the L2 could be blocked
if it were non-facilitative. Rothman and Halloran (2013) further criticize this
idea on the grounds that it is too complicated and uneconomical from the
cognitive point of view. To support their model, Flynn, Foley and Vin-
nitskaya (2004) presented data combing the production of three types of re-
strictive relative clauses in children and adults acquiring an L3.

2 This would be in line with the hypothesis in the present study that specific features,
whose use is contrastive in one of the languages known to a learner, can be re-employed
in another language. In syntax, however, this idea is problematic, because it would imply
that transfer in multilingualism is different from transfer in L2 acquisition, where full
transfer at the initial state is widely accepted.
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In the L2 Status Factor Model, Bardel and Falk (2007, 2012) and Falk
and Bardel (2010, 2011) argue that syntactic structures, as opposed to vo-
cabulary acquisition, are more easily transferred from the L2 rather than
from the L1 in the initial state of L3 acquisition. The strong role of the L2
for both facilitative and non-facilitative transfer should be due to height-
ened metalinguistic knowledge that is common for L2 and L3 acquisition
in the formal learning setting. In the L2 Status Factor Model, L1 transfer is
allowed only when the learners have high explicit metalinguistic
knowledge of the L1.

According to Rothman’s (2010, 2011, 2013 and 2015) Typological Pri-
macy Model, structural similarity determines whether the L1 or the L2 is
the source of transfer. Neither the order of acquisition nor facilitativeness
plays a role. Relying on general linguistic economy and cognitive-pro-
cessing factors, the Typological Primacy Model argues that one of the two
previously acquired languages will be transferred completely in the initial
stages (Rothman 2013). The internal parser should decide which language
resembles the .3 more on the basis of the underlying linguistic similarities
between: the lexicon, syntactic structure, functional morphology and pho-
nological or phonotactic cues. The parser filters the L3 input, making struc-
tural comparisons in the above listed order and chooses to completely trans-
fer either the L1 or the L2. As in the case of the Cumulative Enhancement
Model, either the L1 or the L2 might influence the L3, but the Typological
Primacy Model predicts that transfer will then be both facilitative and non-
facilitative. This is the consequence of choosing one of the previously
learned languages in its entirety as a source of transfer in the initial stages
of L3 acquisition.

In the Linguistic Proximity Model, Westergaard et al. (2017) propose
that all previously acquired languages remain active throughout the learn-
ing process and that third language acquisition (actually it is Ln) is based
on gradual property-by-property learning. Instead of a holistic transfer
based on typological similarity between the L3 and one of the previously
acquired languages, Westergaard et al.’s (2017) model assumes cross-lin-
guistic influence when a property present in the L3 is structurally similar
to a property from one of the languages the learner already knows. Under
this assumption, cross-linguistic transfer of a given property happens
when the learner has the ability to parse the input and deconstruct the
abstract linguistic properties. Interestingly, the Linguistic Proximity
Model rules out any influence of other languages at the early stage of L3
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acquisition, as there has been no empirical evidence of complete transfer.
Westergaard et al. (2017) criticize Rothman (2015) for his proposal that
because complete transfer is motivated by cognitive economy, its aim is
to avoid redundancy in learning and therefore transfer should happen as
early and as completely as possible to fulfill its role. They argue that in-
cremental learning is more economical because one only transfers those
properties which one knows are relevant. This strategy spares effort which
would be needed to unlearn all the properties which turn out to be irrele-
vant. In addition to facilitative influence based on structural similarity or
overlap between grammars, non-facilitative transfer is also predicted by
the model. Non-facilitative transfer takes place when a learner mistakenly
interprets the L3 input and assumes that a property is similar to a property
from a previously acquired language.

The three models were developed on the basis of morphosyntactic stud-
ies. Since they generate conflicting predictions, Wrembel (2015) verified
these three models when examining L3 speech.

4.1.2. Complex nature of the cross-linguistic influence in L3 speech

Testing the proposed models of multilingualism, Wrembel (2015) con-
ducted three studies concerning L3 speech: accentedness ratings, VOT
measurements and metaphonological awareness.

In study 1, raters were asked to evaluate the accentedness of L3 speech
samples and identify the subjects’ first language. The results revealed the
prevailing effect of L1 and the weak, though consistent, effect of L2. The
role of typological proximity was rather facilitatory than determining. The
results also partially refuted Hammaberg and Hammaberg’s (1993 and
2005) hypothesis that L2 plays a more dominant role than L1 in L3 acqui-
sition. The study confirmed De Angelis’ (2007) assumption about the com-
bined cross-linguistic influence.

Wrembel’s (2015) second study consisted of measuring VOT values in
L1, L2 and L3 speech. The participants differentiated their VOT values de-
pending on whether they spoke L1, L2 or L3. The new ‘hybrid’ L3 catego-
ries deviated from both the L1 and L2 categories, but at the same time they
were compromise values, transferred strongly from the L1 Polish and more
moderately from the L2. Again, a combined cross-linguistic influence (De
Angelis 2007) was confirmed. Both facilitative and non-facilitative transfer
occurred. As opposed to the VOT hybrids between the native and target



Perception of third and foreign language vowels 89

values reported in the L2 literature (Flege 1987b; Flege and Eefting 1988),
the L3 VOT hybrid seemed to be influenced by native VOT values, target
VOT values and the L2 VOT specifications. Some facilitating effect of ty-
pology was also reported.

The third study in Wrembel (2015) examined metaphonological aware-
ness elicited through verbal protocols. The subjects declared transfer from
both L1 and L2 to L3, although the majority indicated that L2 transfer pre-
vailed, lending support to the foreign language effect or the L2 status (Ce-
noz, 2001; Hammaberg and Hammaberg, 2005; Bardel and Falk 2007) or
a combined cross-linguistic influence (De Angelis 2007). Also, comments
on multilingual advantage in L3 learning were attested.

Regarding potential sources of multilingual transfer, Rothman (2015:
182) identified four logically possible scenarios: (1) no transfer, (2) abso-
lute L1 transfer, (3) absolute L2 transfer, and (4) L1 and/or L2 transfer.
Wrembel’s (2015) results clearly point to both L1 and L2 as sources of
transfer, although estimating the proportions of the two is in no way possi-
ble at this point. The Cumulative Enhancement Model for Language Ac-
quisition (Flynn et al. 2004) predicts that the transfer of properties from L1
and L2 can only manifest itself when it is facilitative for L1 acquisition.
The model also predicts that non-facilitative transfer should be blocked.
The results presented by Wrembel (2015) include examples of both facili-
tative and non-facilitative transfer. The L2 Status Factor Model (Bardel and
Falk, 2007, 2012 and Falk and Bardel, 2011) assumes that the L2 is the
prevailing source of transfer. The assumption about the greater cognitive
similarity between L2 and L3 was indeed evident in the metalanguage
awareness study, but globally the effects of L2 did not prevail over the ef-
fects of L1. Rothman’s (2010, 2011, 2013, 2015) Typological Primacy
Model assumes access to both L1 and L2 in the initial state, but that transfer
occurs holistically from either L1 or L2, depending on the perceived typo-
logical proximity of the languages involved. This claim is motivated by the
principle of a general cognitive economy demanding that the least effort is
dedicated to a given cognitive task. Wrembel’s (2015) data did not support
the hypothesis of full transfer from one language only. Many cases of a



90  Chapter Four

property-by-property or gradual transfer from both languages were evi-
dent®. As Wrembel (2015: 405) observes, it is unrealistic to expect that in-
hibition processes should completely suppress the activation of the typo-
logically more distant language. Some evidence that her results provide in
favor of typologically-based transfer is inconsistent. Unlike the Cumulative
Enhancement Model, the Typological Primacy Model allows for both fa-
cilitative and non-facilitative transfer, which was so often present in Wrem-
bel’s (2015) data. Disentangling the factors of typology and L2 status
turned out to be to impossible in the case of Wrembel’s (2015) studies. Only
some of the results could be attributed to typological facilitation.

4.1.3. Natural Growth Model: a reminder about the crucial questions

In second language perception studies, the focus has so far been on the L1
filter, means of overcoming this and reaching native-likeness in perceiving
second language contrasts. Accordingly, studies have been bound to focus
on phonetic details such as VOT and only those differences in formant val-
ues or duration etc. which are noticeable. So as not reduce the results of
second/third language acquisition studies to “a collection of observable or
elicited details”, it is worth noting a recent proposal to view second and
third language acquisition in terms of the Natural Growth Model (Dziu-
balska-Kotaczyk 2016, Dziubalska-Kotaczyk and Wrembel 2017). The
model has the ambition to explain all the crucial aspects of speech acquisi-
tion, including L.1, L2, L3, cross-linguistic influence, language attrition and
death, and at the same time be interdisciplinary. The proposed multilingual
acquisition scenario encompasses the following postulates: 1) to study pho-
nological representations or processes per se in addition to phonetic cate-
gories or bundles of features 2) to apply the concept of universals as typo-
logical and/or statistical preferences which could explain the reported
asymmetries in perception. The Natural Growth Model of Acquisition (Dzi-
ubalska-Kotaczyk 2016, Dziubalska-Kotaczyk and Wrembel 2017), which
is based on Natural Complexity Theory (Dziubalska-Kotaczyk in prepara-
tion), assumes the gradual emergence of an L3/Ln phonology influenced
by L1, L2, other languages, typology, universals and context. The estimated
impact depends on the frequency and type of language usage. Both context

3 This could now be interpreted as evidence in favor of the Linguistic Proximity Model
(Westergaard et al. 2017).



Perception of third and foreign language vowels 91

internal and external processes are claimed to be ‘vehicles’ of the growth.
The postulated gradual emergence is dependent on multiple factors and, as
such, it is a step forward in comparison to previous L3 morphosyntactic
models, which assume the precedence of either L1 or L2 over the other.

In fact, however, the Natural Growth Model of Acquisition (Dziu-
balska-Kotaczyk 2016, Dziubalska-Kotaczyk and Wrembel 2017) as it was
presented, is not yet a model which generates testable predictions, in the
sense the Perceptual Assimilation Model and the Speech Learning Model
do. At present, its main strength lies in offering post-factum explanation.
Nevetheless, Dziubalska-Kotaczyk and Wrembel (2017) challenge lin-
guists working on speech by asking whether we are still looking for the
bigger picture, an explanatory framework when interpreting empirical data,
and whether we are seeking an explanation rather than concentrating on
small details. They provide an incentive to rethink the goals of current pho-
netic research in second and third language acquisition. Certainly, we may
find numerous studies that simply concentrate on small phonetic details or
test the same models against different language combinations, experi-
mental conditions or training methods, but they do not contribute to falsi-
fication or elaboration of the models. They multiply experimental designs,
but they do not advance the theory. Yet, in order to advance the model or
theory, one crucially needs detailed, targeted studies which address the
loopholes in the theory. Usually, only a very meticulous study advances the
model just one step forward, and leaves many questions unanswered, or
better still inspires new questions. Asking the big questions and answering
them with a single study is not feasible. For example, as a reaction to Port
and Leary’s (2005) paper, how could one prove or falsify a phoneme? Con-
cluding, new models, or big proposals such as the Natural Growth Model,
are most welcome, but detailed work is likewise needed to verify them. The
present studies are an answer to the call for studies of multilingual influence
in various configurations (i.e. with different groups of learners, order of
acquisition, acquisition settings, and levels of proficiency) to advance the
complex theory of third language acquisition.

4.2. Cross-language perception of non-native vowels

Previous studies suggest that non-native vowel perception depends on the
listeners’ L1 or dialect. There is also fragmentary evidence that it might vary
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as a function of any previously acquired languages. The following subsec-
tions will analyze which factors influence non-native vowel perception. Sub-
section 4.1.1. presents non-native vowel perception by listeners with various
L1s to show that the native inventory crucially determines non-native speech
perception. The next subsection examines the relationship between the in-
ventory size in L1 and non-native vowel perception. To strengthen the argu-
ment about the determining role of subphonemic acoustic details in speech
perception, subsection 4.1.3. presents the role of native dialect.

4.2.1. Non-native vowel perception by listeners with various L1s

It is well attested that a listener’s L1 influences L2 vowel perception. For
example, Bohn and Flege (1990) showed that German listeners will not
find distinguishing between English /i:/ and /1/ challenging, presumably be-
cause German has a similar contrast, whereas the English contrast /e/-/a/
is more challenging, presumably because /&/ is not a part of the English
inventory. This section reports on two studies which examined how users
of various L1s perceive non-native sounds differently.

Best, Halle, Bohn and Faber (2003) examined cross-language percep-
tion of non-native vowels to investigate the phonological and phonetic ef-
fects of listeners’ native languages. They tested the perception of Norwe-
gian vowels by English, French and Danish listeners. All the four languages
use /i/ and /u/, all except English have /y/, but only Norwegian uses /.
Moreover, the vowels /i, y/ and /u/ are realized differently in the languages
in question. In the experiment, American, Danish and French listeners dis-
criminated Norwegian /i - y/, /y - u/, /y - &/ and /& - u/ vowel pairs and
categorized the vowels involved. The results coincided with the languages’
phonological and phonetic properties.

The results of the categorical AXB discrimination test were analyzed us-
ing a language x contrast ANOVA. There was a significant language effect,
which showed that Danish listeners (98% correct discrimination) were more
accurate than French listeners (96%) and then American listeners (92%). The
contrast effect indicated that discrimination of /i: - 1/ (88.5% correct) was
worse than discrimination rates for the other three contrasts, which ranged
from 97 to 99% correct. Finally, a significant language x contrast interaction
showed that Danish listeners discriminated all the contrasts near to the ceil-
ing (97-98% correct). So did French and American listeners in the case of /y
-u/, /y - 8/, /& - u/ contrasts (98-99% and 96-98% respectively). The /i - y/
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contrast was discriminated significantly less well by the French listeners
(89%), and significantly worse by the American listeners (79%).

In the categorization task, Norwegian /y - u/ were assimilated in terms
of Perceptual Assimilation Model’s (Best 1995) Two Category native con-
trast. Danish and French listeners also assimilated /& - u/as a Cross Bound-
ary contrast. The /i - y/ was assimilated as a Two Category contrast by
Danish listeners, as Category Goodness by French subjects and as a Single
Category by American English listeners. Both the French and American
English listeners assimilated /y - &/ as a Two Category native contrast, but
Danish listeners assimilated it as a Single Category contrast. The authors,
Best et al. (2003), concluded that the results were largely in line with the
phonologically contrastive and non-contrastive phonetic-articulatory prop-
erties of the listeners’ L1s.

Iverson and Evans (2007) examined whether L2 English users with dif-
ferent L1s (Spanish, French, German and Norwegian) use different cues
(e.g. formant movement or vowel duration) in English vowel perception.
The study used an array of tasks: natural English identification; identifica-
tion of English vowels with flattened formant movement and equated du-
ration; perceptual mapping of L1 and L2 synthetic vowels in a five-dimen-
sional vowel space and natural English vowel assimilation to L1 categories.
Although the subjects with richer vowel inventories (German and Norwe-
gian) recognized English vowels more accurately than subjects with
smaller L1 vocalic systems (French and Spanish), they did not differ sig-
nificantly in how they perceived English vowels. All groups of subjects
used both formant movement and duration in English vowel perception and
showed signs of learning aspects of a new vocalic inventory rather than just
assimilating the English sounds to native categories. Even in the case of L1
German or Norwegian, when assimilation to L1 categories would be suffi-
cient to distinguish between L2 categories, the subjects learned secondary
cues (formant movement and duration) instead of simply adding new pri-
mary cue specifications for static F1/F2 targets.

These two studies by Best et al. (2003) and Iverson and Evans (2007)
prove that it is both the comparison between the L1 and L2/FL as well as
the relationships between the non-contrastive phonetic properties of sounds
that determine non-native speech perception.
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4.2.2. Non-native vowel perception and L1 inventory size

Some previous research suggested that the size of L1 and L2 vowel inven-
tories might predict non-native and L2 vowel perception (Fox, Flege and
Munro 1995, Lengeris 2009, Bundgaard-Nielsen et al. 2011). The idea was
that listeners with smaller L1 vowel inventories find perceiving vowels
from larger L2 inventories difficult, because more than one L2 vowel needs
to be mapped onto some L1 categories. By the same token, a larger L1
inventory should facilitate perception of vowels from a smaller L2 inven-
tory. Contrary to this view, the Second Language Linguistic Perception
Model (Escudero 2005, 2006, 2009) states that non-native and L2 vowel
perception is predicted by L1-L2 acoustic relationships. Elvin, Escudero
and Vasiliev (2014) tested whether foreign vowel discrimination accuracy
is better predicted by vowel inventory size or cross-linguistic acoustic prop-
erties, pointing to the latter. Naive Australian English and Iberian Spanish
listeners were presented with six Brazilian Portuguese vowel contrasts. The
Australian English vowel system includes all the Brazilian Portuguese con-
trasts, whereas Iberian Spanish has only five vowels (it lacks the mid vow-
els present in Brazilian Portuguese), which are, however, acoustically more
similar to Brazilian Portuguese vowels. The relative weight of vowel in-
ventory size and acoustic proximity of the native and non-native vowels
still needed to be determined.

Accordingly, Alispahic, Mulak and Escudero (2017) examined the ef-
fects of vowel inventory size and acoustic properties on non-native vowel
perception. They tested discrimination and categorization of five Dutch
vowel contrasts by Australian English listeners, whose L1 has more vowels
than Dutch and Peruvian Spanish listeners, whose L1 has fewer vowels
than Dutch. They found no effect of L1 inventory size. Participants in both
groups were better at discriminating contrasts which were predicted as be-
ing easy based on L1-L2 acoustic relationships, and worse at discriminating
contrasts which were predicted as being difficult based on L1-L2 acoustic
relationships. The results also showed that subjects with a larger L1 inven-
tory activated numerous native categories for some Dutch vowels, whereas
listeners with a smaller inventory activated fewer categories and conse-
quently had higher accuracy scores. Alispahic et al. (2017) concluded that
non-native vowel perception is better predicted by L1-L2 acoustic relation-
ships than by inventory size alone.
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Although the inventory size might matter in non-native speech percep-
tion, acoustic proximity between the L1 and non-native vowels is also a
crucial factor in non-native vowel perception.

4.2.3. Non-native vowel perception and native dialect

The studies reported above showed that acoustic proximity between the L1
and non-native sounds is crucial for determining non-native speech percep-
tion. Several recent studies have also shown that the perception of non-
native sounds can be affected by the native language dialect.

The Second Language Linguistic Perception Model (Escudero and
Boersma 2004, Escudero 2005) assumes that listeners’ perceptions of na-
tive and non-native sounds match the acoustic properties of relevant
sounds in their native dialects. Escudero and Boersma (2004) showed that
native speakers of English perceive the same /i/ and /1/ tokens differen-
tially, depending on whether they are native Scottish English or native
Southern British English listeners. Although they did not control for na-
tive dialect, Mayr and Escudero (2010) reported that for L2 listeners var-
iation in responses to German front rounded vowels could potentially be
attributed to their Southern or Northern British English dialects.
Chladkova and Podlipsky (2011) examined how Bohemian Czech and
Moravian Czech listeners perceptually assimilated Dutch vowels. These
two dialects realize the /i: - 1/ contrast differently. In Bohemian Czech /i:/
has a lower F1 and is longer than /1/, whereas in Moravian Czech it is
primarily the length difference that distinguishes the two vowels. Con-
sequently, the Dutch /i/ is assimilated to /i:/ by Bohemian Czech listeners
and to /1/ by Moravian Czech listeners. Another example of a study in
which the L1 dialect affected L2 perception was a study by Escudero,
Simon and Mitterer (2012). Northern Dutch and Flemish speakers, who
realize the Dutch vowels /1, €, a/ and /a/ differently, also perceived the
Southern British English /e/ and /a&/ differently. Similarly, Escudero and
Williams (2012) found that acoustic differences between Peruvian Span-
ish and Iberian Spanish vowels result in differential L2 Dutch vowel per-
ception. Also, the acoustic properties of the target dialect have been
shown to determine L2 speech perception: Spanish learners classify Eng-
lish /i/ and /1/ as Spanish /i/ and /e/ if they learn Scottish English and as
Spanish /i/ if they learn Southern British English. In conclusion, it can be
assumed that it is the relationship between the acoustic properties of both
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L1 and L2 vowels which determines L2 vowel assimilation patterns to L1
categories.

4.2.4. Non-native perception by bilinguals

Research on non-native vowel perception by bilinguals aims at answering
questions about the advantage of bilinguals over monolinguals or the
source and nature of the bilingual advantage.

An early study by Cohen, Tucker and Lambert (1967) examined the rep-
etition of phoneme sequences by English and French monolinguals, bilin-
guals dominant in either language and early bilinguals. All groups were most
accurate when asked to repeat sequences occurring in both languages, less
accurate with sequences occurring in just one of them and the least accurate
with sequences occurring in neither language. Bilinguals outperformed mon-
olinguals. Attested distortions happened in the direction of the L1.

Rochet (1995) studied how Brazilian Portuguese, Canadian English and
French listeners labelled Canadian English vowels. Brazilian Portuguese
and Canadian English participants were asked to identify synthetic vowels
on a high vowel continuum as /i/ or /u/ and French listeners as /i, y/ or /u/.
The vowels the French listeners labeled as /y/ were mostly labeled as /u/ by
Canadian English listeners and as /i/ by Brazilian Portuguese listeners. The
study demonstrates that language background influences not only the good-
ness rating of a vowel as similar to the L1, but also which native language
categories a given non-native vowel is assigned to.

Knowing that monolingual listeners depend on their L1 when catego-
rizing and discriminating unfamiliar non-native contrasts, Antoniou, Best
and Tyler (2013) investigated whether early bilinguals are constrained in
the same fashion by their languages or whether they possess a cumulative
bilingual advantage. They examined the perception of Ma’di stops by
Greek and English bilinguals and monolinguals. Ma’di stop voicing dis-
tinctions exist in neither Greek nor English. In line with the predictions,
English monolinguals assimilated Ma’di prevoiced plosive and implosive
stops and the coronal voiceless stop to English voiced stops. The Greek
monolinguals assimilated the Ma’di short-lag voiceless stops to Greek
voiceless stops and the prevoiced implosives and coronal stops as Greek
voiced stops. Consequently, the English monolinguals poorly discrimi-
nated the non-native voicing contrasts, while the Greek monolinguals did
it very well. To manipulate the language mode, bilinguals were instructed
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either in English or in Greek. Depending on the language mode, they cat-
egorized Ma’di stops similarly to respective monolinguals. Their discrim-
ination, however, did not depend on language mode. They were interme-
diate to the two monolingual groups for the prevoiced-voiceless contrast.
Bilinguals’ and monolinguals’ discrimination of prevoiced plosive-implo-
sive contrasts was equally poor. The authors concluded that there was no
bilingual advantage for unfamiliar non-native contrasts. The results nev-
ertheless proved that bilinguals were uniquely configured language users,
who differed from either monolingual group. It was also evident that cat-
egorization was more influenced by bilingual processing than discrimina-
tion.

Concluding, foreign speech perception research on bilinguals has been
fairly limited. No conclusive results as to the bilingual advantage for non-
native contrasts have been obtained. There still exists the need to answer
questions about the source and limits of transfer from the L1 and L2 to a
non-native language in speech perception.

4.3. Speech perception in L3: questions about broad-based bilingual ad-
vantage vs. a narrow L1/L2 to L3 transfer

This section presents previous research in L3 speech perception, assump-
tions related to multilingualism in the present study and the selective atten-
tion to features hypothesis for the L3 and foreign language perception.

4.3.1. Previous research on perception in L3

Perception in the L3 has not been widely studied so far with the exception
of studies by Werker (1986), Patihis, Oh and Mogilner (2015), Kopeckova
(2015), Cabrelli Amaro (2016), Onishi (2016), and Wrembel, Marecka and
Kopeckova (under review). These studies offered no conclusive results as
to the direction of transfer or the role of features. One of the important is-
sues in the perception of unfamiliar sounds by bi- and multilinguals is
whether they are better than monolinguals. If so, the question remains
whether the advantage is broadly based on more flexible cognitive facility
or whether bilinguals simply benefit from exposure to L2 sounds with sim-
ilar distinctions to the ones tested in an L3 or an unfamiliar language in a
particular study.
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Werker (1986) designed a study to test whether discrimination depends
on specific linguistic/perceptual experience, or whether extended but non-
relevant linguistic experience can promote broad perceptual flexibility. Bi-
lingual and trilingual subjects were compared to monolingual English lis-
teners on their ability to discriminate phonetic contrasts that were not pre-
sent in any of their native language(s). The results suggested, however, that
extended, nonspecific linguistic experience did not contribute to broad per-
ceptual flexibility.

For Patihis, Oh and Mogilner (2015), broad-based bilingual advantage
could also be due to enhanced flexibility in phoneme categorization. They
designed a study to determine whether multilingual discrimination of for-
eign contrasts is characterized by a broad-based bilingual advantage or a
narrow L1/L2 to L3 transfer. English monolinguals, English-Spanish and
English-Armenian bilinguals and trilinguals, who had never been exposed
to Korean, were asked to discriminate Korean stops. Spanish English bilin-
guals performed just as well as English monolinguals and these two groups
were outperformed by Armenian-English bilinguals. Patihis et al. (2015)
found no broad bilingual or trilingual advantage in discriminating the
sounds of an unfamiliar language. The advantage in perception was limited
to the bilinguals who knew Armenian, which has similar phonological dis-
tinctions to the Korean ones tested in the study. Experience with a distinc-
tion between aspirated and non-aspirated stops in Armenian resulted in en-
hanced perception of Korean aspirated and non-aspirated stops. The au-
thors concluded the paper by claiming that the bilingual advantage they
found was not due to greater flexibility in categorizing phonemes, but due
to narrow L1/L2 to L3 transfer, facilitated by experience with phonemic
contrasts present simultaneously in the target language and one of the lan-
guages well known by the subjects.

A study by Antoniou, Liang and Ettlinger and Wong (2015) was a pho-
netic, but not a perception study. Nevertheless, it has important implica-
tions for bilingual advantage and the role of features. The study examined
the interaction between the factors which are supposed to be advantageous
for learning a non-native language: being bilingual, learning a related lan-
guage and having to learn unmarked, rather than marked, features. The sub-
jects were asked to learn artificial language words which were differenti-
ated on the basis of phonetic contrasts. Bilinguals outperformed monolin-
guals in the case of unmarked features, but for difficult contrasts only, the
subjects with language specific experience performed better.
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Kopeckova (2015) found that children with L1 Polish and L2 English
were more sensitive to the differences between Polish and English vowels
if they also learned German, French or Irish as L3 as opposed to a situation
where they were only exposed to Polish and English. Since the examined
sound contrasts exist both in the subjects’ L2 and L3s, that study could not
conclusively determine whether the enhanced sensitivity could be ascribed
to the cognitive flexibility of L3 learners or simply a narrow positive trans-
fer between L2 and L3.

Cabrelli Amaro (2016) tested the Phonological Permeability Hypothe-
sis (Cabrelli Amaro and Rothman 2010), which predicts that adult L2 pho-
nological systems are less stable than L1 systems. To this end, L3 Brazilian
Portuguese regressive transfer in perception by L1 English/L2 Spanish and
L1 Spanish/L2 English listeners was examined. A forced-choice preference
task was used to test the subjects’ preference for Brazilian Portuguese or
Spanish vowel allophone in a word-final position (in Brazilian Portuguese,
but not in Spanish, vowels are reduced in a word-final position). Neither
experimental group showed any vulnerability to L3 Brazilian Portuguese
influence. The subjects preferred Spanish-like fully realized word-final
vowels and they made their decisions equally fast. Summarizing, there was
no difference between L1 and L2 Spanish perception data, though parallel
production data for L2 Spanish deviated from L1 Spanish and Spanish
monolingual controls, providing preliminary support for the Phonological
Permeability Hypothesis.

Onishi (2016) examined the influence of experience in the L2 on per-
ception in the L3 at the beginner level. The author tested Korean native
listeners’ perception of L2 English and L3 Japanese sounds and argued that
the better the L2 perception, the better the L3 perception. One methodolog-
ical issue, which might partially undermine the conclusions, is that two dif-
ferent, rather small groups of Korean listeners were employed in the iden-
tification task and in the discrimination task. As a result, we cannot com-
pare the results of the two tasks directly, as any differences may stem from
the fact that different participants took part in the tasks. Worthy of note is
that a categorical AXB discrimination task, which was used as a discrimi-
nation task, is actually very demanding on the listeners as they need to fo-
cus on relevant phonological features only and disregard inter-speaker var-
iation when three different speakers are used in a triad.
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Wrembel, Marecka and Kopeckova (under review) found that L3/Ln
Polish vowels were perceived by adolescent learners as slightly more sim-
ilar to L2 English rather than to L1 German categories. The difference was
not large, but it was taken to suggest the L2 effect. In the same paper, sibi-
lants were rather accurately discriminated (83.13% correct). The authors
argue that high discrimination accuracy should be ascribed to the facilita-
tion effect of multilingualism, or, in other words, broadly-based multilin-
gual advantage. This claim is, however, questionable because no data for a
control group of monolingual German listeners (certainly highly unlikely
in this age group) were available. Also, the task employed, the AX discrim-
ination task, is a rather easy discrimination task, which encourages reliance
on purely acoustic information rather than phonological processing. Maybe
the task was not challenging enough to promote larger differences between
the groups. On the other hand, the discrimination rate of 83.13% is certainly
above the chance level, but is also far from excellent. The groups were ra-
ther small — there were 10 participants altogether. The conclusion of this
study about the facilitation effect of multilingualism certainly needs to be
cross-checked in further research.

There have been few studies concerned with L3 perception, certain
methodological shortcomings have appeared, and results related to the di-
rection of transfer, the role of features and bilingual advantage are not ex-
haustive, so the field needs more controlled studies on L3 perception.

4.3.2. Assumptions for the current study

The present experiments will test whether listeners with a common L1 (Polish)
are affected by the acquisition of L2 (English) or L3 (French or Dutch) when
perceiving Dutch vowels (Dutch vowels were foreign, unfamiliar vowels for
learners of English and French and L3 vowels for learners of Dutch).

The subjects in the present experiment knew at least two languages and
were tested on foreign sound perception (from a language they had not had
experience with) in the case of learners of L2 English and L3 French and
were tested on L3 perception in the case of learners of L3 Dutch. All sub-
jects knew English to some extent — the details are given in section 4.5.2.1.
Hammarberg (2010) distinguishes between the L1 which is acquired before
puberty, the L2 which is acquired after puberty and which allows the learner
to develop strategies to learn foreign languages, and the L3 which is ac-
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quired when a person already has knowledge of one or more L2s. This ter-
minology is considered superior to a linear model in which languages are
numbered in the order of acquisition: the language acquired first is called
the L1, the second acquired language is called the L2, and the third one —
the L3. In the linear model the L3 could therefore refer to an L3 which is
still a native language (as in the case of children brought up in bilingual
families living in a community where yet another language is spoken), L3
as the first non-native language (for example, in the case of bilinguals who
start learning another language at school) and L3 as the second non-native
language (the usual understanding of the term in monolingual societies).
As Hammarberg (2010) notices, the linear model misses important infor-
mation about languages acquired simultaneously, with low proficiency,
with limited types of knowledge, intermittently, or almost unintentionally
due to language closeness. According to a different tradition, going back to
the Critical Period Hypothesis (Lenneberg 1967), languages are considered
to be L1s if they were acquired before puberty and L2s if they were ac-
quired after puberty, so the order of acquisition of multiple L1s or L2s does
not really matter (Cawalho and da Silva 2006, Davidiak 2010).

Although not falling directly into the domain of L3 acquisition, these
experiments actually examine the interaction of multiple languages in
speech perception and benefit from being grounded in L3 and multilin-
gual literature. Traditionally, L3 is considered to be a language which a
learner has already been learning and is familiar with at least to a certain
extent (Hammarberg and Hammarberg 2005). The present study examines
the influence of the sound system acquired during second and third lan-
guage acquisition on the perception of L3 or foreign vowels (depending
on the group of subjects). The tested vowels were Dutch vowels. Learners
of Dutch obviously studied Dutch as the L3, and they were advanced
learners, so we tested L3 perception in their case. For learners of English
and French, the tested Dutch vowels were the sounds which they never
had contact with. In the case of learners of English and French, this stage
resembles what is called the initial stage in L3 acquisition (Rothman
2011), although this term presupposes that subjects intentionally begin to
learn L3, which was not the case here.

Certain terms and assumptions stemming from research on L3 or multi-
lingualism can inform the experiment proposed here. Firstly, the assumption
of combined cross-linguistic influence (De Angelis 2007:21) is adopted. This
term is based on the term cross-linguistic influence (Sharewood-Smith and
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Kellerman 1986), which encompassed influences on the target language such
as: transfer, interference, avoidance, borrowing and attrition. To
acknowledge the possibility that in multilingualism the source of influence
on the target language might simultaneously come from more than one lan-
guage, De Angelis (2007) proposed the term ‘combined cross-linguistic in-
fluence’. Some of the identified factors which determine multilinguals’ reli-
ance on previously learned languages include: language distance, target and
source language proficiency, recency of use, length of residence, level of ex-
posure, order of language acquisition and formality of situation.

Lastly, it can either be assumed after Ringbom (1987) and De Angelis
(2007) that non-native languages can be sources of cross-linguistic influ-
ence irrespective of the level of proficiency, or it can be assumed after Gut
(2010) that the proficiency threshold level in a non-native language must
be sufficiently high in order to exert influence on another non-native lan-
guage.

4.3.3. Selective attention to features: hypothesis for L3 and foreign speech
perception

Bohn and Best (2012) and Pajak and Levy (2014) tested how features used
in the L1 influence perception of non-native sounds. Bohn and Best (2012)
specifically discussed the role of contrastive lip rounding. They concluded
that better-than-native discrimination of English /w - j/ contrast by Danish
and German listeners was due to the fact that both Danish and German use
lip rounding contrastively to distinguish between high front rounded and un-
rounded vowels. Their hypothesis that the native vowel system influences
non-native approximant perception prompted them to generate testable pre-
dictions. They hypothesized that listeners whose L1 uses contrastive lip
rounding for vowels should discriminate American English /w - j/ compara-
bly to French, Danish and German listeners. This scenario should be valid
for Swedish and Norwegian listeners (/i, y, &, 0/ in the inventory) and Turk-
ish listeners (/i, y, w, v/ in the inventory), whose native languages, like Dan-
ish and German, have /j/ but not /w/. Bohn and Best (2012) also suggested
that native speakers of languages with a rounding contrast only for back vow-
els, such as Korean or Portuguese (both have /i, w, u/, but not /y/), be exam-
ined. For speakers of languages with non-contrastive lip rounding, but with
counterparts to which English /w - j/ could be assimilated, such as Farsi,
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Hebrew and Czech with /i - u/ and /v - j/, they predicted that levels of dis-
crimination would be comparable to those for English listeners, or potentially
exhibit phonetic-level effects at the /w/ end of the continuum.

This study tests the hypothesis that selective attention to features ap-
plies in L3 and foreign language speech perception. To this end we will
examine the extent to which selective attention to features is evident in L3
and foreign speech perception. We will check whether all languages known
to the subjects, as opposed to the L1 only, influence the ways in which lis-
teners discriminate and categorize L3 or foreign sounds.

4.4. Language characteristics: Vowel inventories of Dutch, English and
French.

In order to examine whether non-native vowel perception depends on the
specific L2 or L3 the subjects have been exposed to, and whether the selec-
tive attention to features can also be based on the L2 or L3, rather than only
on the L1 as has been previously attested, the current study examines the
perception of non-native Dutch vowels by L1 Polish learners of L2 English,
L3 French or L3 Dutch. The choice of languages serves the purpose of ex-
amining the role of features related to acoustic characteristics of vowel
quality, duration and lip rounding.

Dutch has an extensive vowel inventory with front unrounded, front
rounded and back rounded vowels. Dutch vowels are also distinguished by
length and tenseness. Adank, van Hout and Smits (2004) showed that the
nine Dutch monophthongs /i, 1, €, a, a, 9, u, y/ and /y/ can be relatively well
separated on the basis of their steady-state characteristics, whereas both the
long mid vowels /e, @, o/ and the three diphthongs /1, ou, cey/ crucially need
to be supplemented with information on their dynamic characteristics. When
it comes to length differences, Dutch vowels can be labelled as long vowels
/a, e, @, 0, €1, ou/ and /cey/ and short vowels /i, 1, €, a, 0, u, y/ and /v/.

British English has 11 monophthongs: /i, 1, e, &, A, a:, o, U, u, 3, o/
(Wells 1962, 1982, 1984, Gimson 1964, 1980, 1984, Deterding 1990, Up-
ton, Kretzschmar and Konopka 2003, Hawkins and Midgley 2005). It does
not have front rounded vowels, but /u:/ and /u/ are centralized and have
little lip rounding. Cruttenden (2001) describes the fronting of /u:/ to /4/ as
well-established and the unrounding of /u:/ and /u/ as a recent innovation.
Hawkins and Midgley’s (2005) acoustic study confirmed higher F2 for /u:/
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and /u/ and higher F1 for /e/ and /a/. Duration or tenseness are considered
to be secondary cues to English vowels.

French also has a relatively large vowel inventory: /i, y, e, @, €, &, a, 9,
0, u, 9/. It uses four height distinctions and three backness distinctions
(Fougeron and Smith 1993). All its back vowels are rounded, whereas the
front high, high mid and low mid pairs of vowels consist of unrounded and
rounded vowels, but the rounded vowels are lower and centralized com-
pared to the unrounded variants (Raphael, Bell-Berti, Collier and Baer
1979) The two central vowels are a mid schwa with some rounding and a
low /a/. Contemporary French does not use duration contrastively.

It is considered to be vital that all the subjects are Polish learners of
various second or third languages, rather than native speakers of respective
languages, because a common L1 will allow for tertium comparationis. All
subjects will identify the Dutch vowels in terms of Polish vowels. Repeti-
tive as the design of the experiments might seem, its primary aim is to allow
for comparison of vowel perception in terms of features and categories
among various groups of learners.

The denser a vowel system in a given part of the vowel space is (the
more phonetic features which are employed to express contrast in a given
area), the more likely it is that other vowel contrasts will be perceived
more accurately in this part of the vowel space, because more feature clus-
ters should be at the listener’s disposal. Learners of English were famil-
iarized with English vowels — twice as many categories as Polish has.
Learners of French should be better at perceiving front rounded vowel
distinctions because French uses such vowels. Learners of Dutch should
also cope well with front rounded vowels, and moreover with tongue ad-
vancement distinctions, as Dutch has more of these than either English or
French. More detailed analysis will be offered on the basis of individual
vowel features.

4.5. Study two

This section presents the second study in this book. The study examines L3
and foreign language vowel perception.
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4.5.1. Research questions

In the present experiment, perception of Dutch vowels by Polish learners
of English, French and Dutch was tested. Examining listeners’ categorical
discrimination and categorization of Dutch vowels permitted the two fol-
lowing major questions to be addressed and subsequent predictions to be
made:

1. Does the listeners’ L2 or L3 influence their perception of Dutch/for-
eign language vowels?

It has been well attested in the literature that non-native vowel perception
depends on the listeners’ L1s (Best et al. 2003), inventory size (Fox, Flege
and Munro 1995, Lengeris 2009, Bundgaard-Nielsen et al. 2011), acoustic
proximity of native and non-native vowels (Elvin et al. 2014 and Alispa-
hic et al. 2017), dialect (Chladkova and Podlipsky 2011, Escudero et al.
2012, Escudero and Williams 2012), and bilingualism (Antoniou et al.
2013). Antoniou et al. (2013) focused on cumulative bilingual advantage
in the perception of stop voicing distinctions. They found that categoriza-
tion depended on language mode, but that discrimination did not. No bi-
lingual advantage was found for unfamiliar contrasts. Generally, catego-
rization was influenced more by bilingual processing than discrimination
was. This study checks whether Polish listeners with various L2s (Eng-
lish, French and Dutch) perceive Dutch vowels differently. In the light of
previous research on L3s in other linguistic domains, the L2 could directly
influence foreign vowel perception. Also, in the L2 speech perception lit-
erature, vowel perception seems to depend on the listeners’ experience
with L1 vowel inventory and the acoustic proximity of the vowels in-
volved. If the L2 does not influence L3 perception, then subjects from the
three L2 groups will have the same results based on L1 transfer only. If
L3 vowel perception is influenced by L2 vowels only, all the three groups
will exhibit different results, with the exception of the vowels which
might be similar in two of the tested L2s. If there is combined cross-lin-
guistic influence, we should see evidence of both L1 and L2 vowels af-
fecting foreign vowel perception.

2. Does selective attention to features (Pajak and Levy 2014) apply to
features used in L1 only or also those used in L2 and L3?
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Research by Bohn and Best (2012) and Pajak and Levy (2014) suggests
that L1 contrastive phonological features affect the way listeners perceive
L2 consonants. This study examines whether rounding as a non-contrastive
L1 feature or a contrastive L2 feature influences foreign vowel perception.
It is hypothesized that learners of L2s with contrastive lip rounding in front
vowels should be able to perceive lip rounding in front vowels more con-
sistently than listeners who are not used to distinguishing vowels on the
basis of lip rounding.

To guide the answers to these two main questions on the nature of
L3/foreign language vowel perception specified above, more detailed pho-
netic questions related to the study of Dutch vowel perception by Polish
learners of English, French and Dutch were also addressed:

3. For Polish learners of L2 English, French or Dutch, do discrimination
rates for Dutch vowel contrasts depend on assimilation types, as pre-
dicted by PAM?

PAM predictions have previously been attested for non-native, unfamiliar
consonants (e.g. Best and Strange 1992, Best, McRoberts, and Sithole 1988)
and vowels (Tyler et al. 2014, Faris, Best and Tyler 2016), but the results
have been interpreted with reference to the monolingual listeners’ L1s. Alt-
hough differences between monolingual and bilingual listeners certainly in-
fluence language acquisition and the effects of L2 speech perception and the
initial state in L3 acquisition, it is hypothesized that the cognitive capacities
responsible for foreign language speech perception remain the same, so dis-
crimination rates should still depend on assimilation patterns.

It needs to be emphasized that discrimination rates could be higher
among L2 listeners than among monolingual naive listeners because the
former are more experienced in discriminating between various non-native
contrasts. It is nevertheless hypothesized that these more experienced lis-
teners still rely on assimilation patterns when they discriminate between
foreign vowel contrasts.

4. Are there significant differences in discrimination of the eight vowel
contrasts, and if so, do relative difficulties differ depending on the L2
or L3? Are discrimination rates proportional to the differences in the
acoustic properties of the Dutch vowels in a given contrast?
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It was shown that vowel discrimination in the foreign language depends
on the L1 vowel inventory (Bohn and Flege 1990 and Best, Bohn, Halle
and Faber 2003) and the relationships between the acoustic properties of
both L1 and foreign language vowels (Escudero et al. 2012, Escudero and
Williams 2012). The four models of third language acquisition assume a
vital (potential) role for L2: the Cumulative Enhancement Model by
Flynn, Foley, Vinnitskaya (2004), the L2 Status Model by Bardel and Falk
(2007, 2012) and Falk and Bardel (2010, 2011), the Typological Primacy
Model by Rothman (2011, 2015) and the Linguistic Proximity Model by
Westergaard et al. (2017). It is hypothesized, therefore, that non-native
discrimination depends on both L1 (here common for all subjects), L2
(English common for all the subjects, but at different proficiency levels)
and L3 (French or Dutch only in the case of learners of French and Dutch).
This means that if we find differences between learners of English, French
and Dutch, these differences will be ascribed to the L3, especially as An-
toniuou, Best and Tyler (2013) found no bilingual advantage for unfamil-
iar contrasts and Antoniuou, Liang and Ettlinger (2015) showed that for
difficult contrasts only the subjects with L-specific experience performed
better.

In each of the eight tested contrasts /1 - v/, /it - yi/, /x - u/, /e - u/, /e -
Y/, /@ - Y/, /1 - @/ and /e: - @/ there is one front or central rounded vowel. It
is hypothesized that discrimination rates will be higher for pairs of vowels,
in which there is a difference in the height of the vowels, expressed as the
difference in F1 measured in Hz in addition to rounding. The hierarchy in
the increasing order of differences in F1 appears as follows: /i - y/ (27 Hz)
</g-v/ (41 Hz)</1-v/ (59 Hz) </e: - o/ (718 Hz) </1- ¢/ (100 Hz) < /v
-u/ (145 Hz) < /o -u/ (186 Hz) < /e - Y/ (211 Hz).

5. How are Dutch vowels assimilated to Polish vowel categories?

This is a descriptive question. Theories of second language speech percep-
tion speculate that second language sounds are assimilated to the closest
native categories. Crucially, the closest native categories need to be estab-
lished on the basis of perception tests, not phonological proximity. In this
study, the tested vowels are actually L3/foreign language vowels (for learn-
ers of English and French, and L3 vowels for learners of Dutch), so the
configuration of the inventory is more complex. Subjects compared
L2/L3/foreign language vowels to L1 vowels, but we assume that also
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through the “sieve” or filter involving L1, L2 and L3 vowel categories
and/or features. Moreover, since Dutch has more than twice as many vow-
els as Polish does, we can hypothesize that two or more Dutch vowels will
be assimilated to one Polish category, but probably with varying goodness
ratings.

4.5.2. Method

4.5.2.1. Subjects

The subjects were native Polish advanced/proficient university students
of English, French or Dutch, who had completed pronunciation courses
in the respective languages, so they were characterized by high metalin-
guistic competence. None of the subjects had spent more than three
months abroad. They learnt their non-native languages in Poland, in a for-
mal school setting. They were taught by Polish teachers in high schools
and by both Polish teachers and native speakers at university. There were
26 students of English (hereupon called subjects with L2 English), 12 stu-
dents of French (called subjects with L3 French) and nine learners of
Dutch (called subjects with L3 Dutch).

Participants’ profiles are described below on the basis of language his-
tory questionnaires, which were filled in by the subjects once they had fin-
ished the perception experiment.

The questions referring to the level of competence in a given lan-
guage asked the subjects to rate it on a six-point scale in accordance with
the Common European Framework for Languages (2011). This scale is
widely used in the Polish educational system and the subjects seemed
confident in estimating their level. A1 is the beginner level, which means
that a person can understand and use basic everyday phrases, introduce
themselves and interact in a simple way, if the other person speaks
slowly and clearly and is ready to help. A2 is the elementary level, at
which a learner can understand sentences and frequently used expres-
sions related to immediately relevant matters, such as family, shopping
or employment. They can communicate in simple tasks on familiar and
routine matters. Learners at the B1 level have intermediate language
competence. They can cope with clear standard messages referring to
familiar matters frequently encountered in everyday life, including
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work, school, leisure or travel. They are capable of describing experi-
ences and events, dreams, hopes and ambitions, as well as giving reasons
and explanations for their opinions or plans. B2 learners are at the upper
intermediate level, which means that they can understand the main
points of a complex text on either concrete, abstract or technical topics.
They can interact with native speakers fluently and spontaneously. They
can express their opinions on a wide range of subjects in a clear and
detailed manner, listing advantages and disadvantages of the chosen op-
tions. C level denotes proficient users. C1 level learners are advanced
learners with effective operational proficiency. They can deal with a
wide range of challenging elaborated utterances. They are capable of
recognizing implicit meaning. They express ideas fluently and seem-
ingly without effort or being at a loss for words. They are flexible and
effective language users in social, academic or professional situations.
Their texts, even on complex topics, are clear and well-structured. C2
level users easily understand anything they hear or read. They can co-
herently summarize information using reconstructed arguments. They
express themselves very precisely in complex situations.

Subjects will be called L2 learners of English, and L3 learners of
French or Dutch, depending on the language they were majoring in. All
subjects in this experiment were familiar with English to some extent, and
for most of them English was actually the first non-native language they
began learning. Most of the subjects had some familiarity with German,
Spanish or French. Nevertheless, their dominant non-native language, in
terms of proficiency and frequency of use, was the language they were
majoring in at university, i.e. English, French or Dutch.

In terms of the terminology based on the Critical Period Hypothesis
(Lenneberg 1967), subjects were L1 Polish listeners, who started having
sporadic contact with (mostly non-native) English in early education, had
more intensive instruction in English after puberty and started learning an-
other non-native language also after puberty. With reference to the linearity
of acquisition, all the subjects in the English and Dutch groups and nine out
of 12 subjects in the French group, had contact with English as their first
non-native language. According to the terminology used by Hammarberg
(2010), Polish was the sole native language for all the subjects, whereas for
subjects in the English and Dutch groups and 9 out 12 subjects in the French
group, English was the L2. Three subjects in the French group actually had
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French as their L2. Finally, all subjects in the English group had rudimen-
tary familiarity with German, Spanish or French. For subjects in the French
and Dutch groups, in the course of their studies, their L3 French and Dutch
became dominant non-native languages, both in terms of frequency of use
and proficiency, although the learners of Dutch and some learners of French
still had regular English classes.

Subjects in the English group knew English at the C1 level according
to the Common European Framework of Reference for Languages. Since
the aim of the test was to examine the influence of an L2 with front
rounded vowels, the data from 11 subjects who took part in the experi-
ment, but whose questionnaires revealed knowledge of any language with
front rounded vowels above the A2 level (7 subjects knew German at B1
or B2, and 4 subjects knew French at B1 or B2) were discarded. The re-
maining subjects in the English group also had some basic familiarity with
other languages, but as or Gut (2010) claims, the level of L2 must be suf-
ficiently high in order to influence any further languages.

Similarly strict measures were not taken or needed in the case of the
French and Dutch groups. Subjects in these two groups knew English above
the level of A2. First of all, knowledge of English does not result in famil-
iarity with front rounded vowels, crucial in the present study. Secondly, it
would be practically impossible to find Polish students of French or Dutch
without any knowledge of English, as it is a compulsory subject in Polish
schools. Table 7 summarizes the level of advancement in non-native lan-
guages for subjects in the three groups: 26 learners of English, 12 learners
of French and nine learners of Dutch. The upper number indicates the num-
ber of subjects claiming familiarity with a given language, the information
in parentheses indicates the average, self-declared level of proficiency ac-
cording to the Common European Framework of Reference for Languages,
where 1 = Al or beginner, 2 = A2 or elementary, 3 = B1 or intermediate , 4
= B2 or upper intermediate, 5 = C1 or advanced and 6 = C2 or proficient.

Table 7. The level of advancement in non-native languages

Subjects

majoring | English | French | Dutch | Spanish | German | Italian 51;-1;1 N;:;Ile_
in:

E(nghSh 26 9 8 13 1 3 1

ag?;?i) s) | (.67 175 | 138) | 3) | @ 1)
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French

o (—; i‘) (‘:é) - (3?4) a .633) é) - -
age 22.1)

31222 o 2 9 3 4 ) | .
age22gy| 2D | @ (@8 D @ 2)

In the light of the above information, the terms L2 English, L3 French or
L3 Dutch as used in the present study, should be treated as indicating the
non-native language which was dominant for a given subject in terms of
proficiency and frequency of use at the time of the study, but no implica-
tions as to other non-native languages should be assumed.

4.5.2.2. Stimuli

The recordings took place at the Center for Speech and Language Pro-
cessing at Adam Mickiewicz University in Poznan, in a studio with an
anechoic chamber equipped with digital audio recording gear. A male na-
tive speaker of Southern Standard Dutch read carrier sentences with eight
Dutch front and central vowels: /e, e:, o, 1, 1i, ui, yi, Y/ six times. The
sentences had the same generic structure as the carrier sentences in Adank
et al. (2007). Those sentences are part of the Spoken Dutch Corpus (Cor-
pus Gesproken Nederlands), but as read speech they are not publicly
available (one can ask for access to the parts of the corpus with spontane-
ous speech). The short vowels were embedded in the following carrier
sentences: In sVs en in sVsse zit de V, /in sVs an 1 sVso zit do V/ [In sVs
and in sVsse is the V]. The carrier phrases for the long vowels were: In
sVs en in sVze zit de V /in sVs on m sVza zit do V/, [In sVs and in sVze
is the V]. The CVC contexts were cut out for further processing. Two to-
kens of each syllable were chosen (minimal differences in length and
mean f0). Mean formant values of the vowels used in the experiment are
presented in Figure 3.
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Figure 3. A plot of Dutch vowels used in study two
4.5.2.3. Procedure

The experiment consisted of a discrimination test and an identification
test with category goodness ranking of Dutch vowels in terms of Polish
vowel labels. First, the subjects performed an AXB discrimination test, in
which they listened to 32 AXB triads, in which eight Dutch vowel con-
trasts were examined: /1 - Y/, /it - yi/, /y -w/, /e: - wt/, /e - Y/, /o1 - Y/, /1 -
o:/ and /e: - @/. Each of the eight vowel contrasts was incorporated into
a triad, where A was a stimulus from one Dutch vowel category, and B
was a stimulus from a contrasting vowel category. Each contrast was pre-
sented in each of the four possible triad combinations in an AXB discrim-
ination task: AAB, ABB, BBA and BAA. Each triad combination was re-
peated three times. The triads with all the tested contrasts were presented
randomly. A total of 96 responses were elicited from each subject. In each
triad, X represented the same phonological category in Dutch as either A
or B, but X was never physically identical to A or B. This step was taken
to discourage listeners from focusing on the sheer physical identity of the
stimuli. Also, setting a relatively long interstimulus interval (ISI =1 s,

F1
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and the intertrial interval = 6 s) was meant to encourage phonological,
rather than purely acoustic processing.

In the second part of the experiment, subjects performed an identification
task, in which they matched a Dutch auditory stimulus with a Polish vowel
label and rated the vowel’s goodness in terms of its similarity to the chosen
Polish vowel on a Likert scale from 1 (barely matching the Polish vowel) to
5 (well matching). The labels in the task were six Polish orthographic vowel
symbols i, y, e, a, o and u corresponding to the six Polish vowels /i, 1, €, a, o,
u/. Polish vowel orthography is transparent, so using the orthographic labels
was considered to be clear to the subjects. In this task each subject listened
to the eight Dutch vowel categories, with two tokens per category, and three
repetitions per token, which yields 48 trials. The task was preceded by five
warm-up items and afterwards, the stimuli were presented randomly.

4.6. Results

This section presents discrimination results and assimilation with goodness
ratings results.

4.6.1. Discrimination results

Discrimination results are the prerequisite to address research questions
number three and four. Table 8 shows the mean percentage of correct dis-
crimination, listed in decreasing order, for each Dutch contrast tested in the
experiment by the learners from the three groups: L2 English, L3 French
and L3 Dutch. Discrimination was excellent for all contrasts (>98%).

Table 8. Mean percentage of correct discrimination of Dutch vowels

% correct % correct
Dutch vowel
Language group responses per each responses per
contrast
L2 group contrast
L2 English 98.72
/1 - o/ L3 French 100 99.28
L3 Dutch 100
L2 English 99.36
/e - Y/ L3 French 98.61 99.28
L3 Dutch 100
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L2 English 99.04

/e - Y/ L3 French 99.31 99.09
L3 Dutch 98.96
L2 English 98.40

-/ L3 French 99.31 99.09
L3 Dutch 100
L2 English 98.40

/e - uy/ L3 French 100 98.91
L3 Dutch 98.96
L2 English 98.56

Iy -w/ L3 French 99.31 98.82
L3 Dutch 98.96
L2 English 99.36

/e - @/ L3 French 97.92 98.73
L3 Dutch 97.92
L2 English 98.40

fir -y L3 French 100 98.73
L3 Dutch 97.92

When individual variation was inspected it turned out that 21 subjects made
one mistake, six subjects made two mistakes, two subjects made three mis-
takes, one subject made 16 mistakes, and the remaining subjects replied
correctly to all the 96 triads in the test.

4.6.2. Assimilation and goodness ratings*

To address research question number five, Table 9 shows the confusion ma-
trix of assimilation of Dutch vowels / i, 1, e, €, u:, @i, yz, Y/ to Polish vowels
1, 1, e, a, 0, u/ represented by orthographical letters. The results are listed
for each language group separately: Polish learners of L2 English, L3
French and L3 Dutch. The goodness ratings for each Dutch vowel as com-
pared to a Polish vowel are given in parentheses. They are based on a scale
that ranges from barely similar (1) to a good match (5).

4 The preliminary results of assimilation of Dutch vowels to Polish categories pre-
sented in this chapter appeared in a much shorter form in conference proceedings in Balas
(2017a).
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Table 9. Mean per cent assimilation and goodness rating (in parentheses)
of the Dutch vowel stimuli to Polish vowel categories

Polish Targets: Polish vowel categories
Dutch
. learners . .
stimuli of: i y (/) e a 0 u
99.4 0.6
English - - - -
(3.7) Q)]
1
French 00 - - - - -
) (4.8)
i 98.1 1.9
Dutch ' - - - - )
(4.4) €))
English 30.4 69 0.6
(3.4) (3.6) (1)
5.6 58.3 36.1
French - — _
W (3.2) (3.3) (3.8)
I
Dutch >0 >0 - - - -
(3.5) (3.7)
Enelish 25.8 22.6 48.4 3.2
nglis - -
& Gy | en | @3 (12)
French 1.4 8.3 90.3
4) (@) (33)
=
9.3 90.7
Dutch - - - -
3) (2.6)
71.4 28.6
English - - - -
(4.3) “
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The Dutch vowel /i:/ was perceived as Polish /i/ in over 98% of cases by
the subjects in the three groups. Goodness ratings suggest that the Polish
learners of English and Dutch noticed more discrepancies between the
Dutch vowel and the Polish counterpart than the learners of French did.

The Dutch /1/ was perceived as /i/ in 30.4% of cases by the English
learners, 50% of cases by the Dutch learners and only 5.6% of cases by the
French learners. The Dutch /1/ was assimilated to Polish /#/ in 69% of the
cases by the English learners, 50% by the Dutch learners and 58% by the
French learners. It is worth noting that 36.1% of the responses to the Dutch
/1/ given by the learners of French already pointed to /e/ as a target.

Dutch and French have a high mid vowel /e/ and a low mid vowel /¢/.
The learners of French categorized the Dutch /ei/ as Polish /e/ (90.3%,
goodness rating 3.3) and the Dutch /¢/ as Polish /a/ (91.67%, goodness rat-
ing 4.8), so this was a Two Category assimilation type. The learners of
Dutch categorized both the Dutch /e:/ and /e/ as Polish /e/, but with varied
goodness ratings: /e/ with 90.7% and a 2.6 goodness of fit and /e/ with
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88.89% and a 4.7 goodness of fit, so this was a Category Goodness assim-
ilation type. Polish and English only have the /e/ vowel in the inventory.
For the learners of English, the Dutch /e:/ was an uncategorized clustered
vowel, whereas the Dutch /e/ was barely categorized to /e/ with 71.4% and
a 4.3 goodness of fit.

The Dutch high front rounded vowel /y:/, which has no counterpart in
either Polish or in English, was assimilated by the Polish learners of Eng-
lish to the Polish high back /u/ in 51.95% of the cases, with a 2.9 goodness
of fit and to the Polish mid high front centralized /#/ in 45.5% of the cases
and a 3.2 goodness of fit. So for the Polish learners of English this vowel
was uncategorized at the 70% level, and was barely categorized at the 50%
level. If we compare the assimilations to front vowels (49.1) with the as-
similations to back vowels (51.95%), we see that the Polish learners of
English could not decide whether the Dutch high front rounded vowel bet-
ter matches a Polish front unrounded counterpart or a back rounded coun-
terpart. The learners of French assimilated /y:/ to the Polish front central-
ized unrounded /#/ in 69.4% of the cases and if we add the assimilations to
the front /e/ (5.6%), three thirds of the assimilations pointed to front vow-
els. This is similar to the 77.8% assimilations to /#/ by learners of Dutch.

In the discussion section it will be shown how these proportions matter
when interpreting the disentangling of rounding from backness by various
groups of L2/L3 learners.

The Dutch high mid central vowel /v/ was assimilated by the learners
of English to the Polish /u/ in 66.95% of the cases, whereas the assimila-
tions to front vowels amounted to 33.04%. This vowel was an uncatego-
rized clustered vowel for the learners of French, with 58% assimilations to
front vowels. The Dutch learners also achieved similar results — 55.55% of
assimilations to front vowels, though at the level of 50% this vowel would
be categorized to /i/.

The Dutch mid central /@:/ for the learners of English had similar assimila-
tion proportions as /y/ in terms of frontness and backness, but had slightly more
assimilations to /e/ than to /#/ and generally lower goodness ratings. The learners
of French assimilated /@:/ to front vowels in 63.9% of the cases, whereas the
learners of Dutch did so in 50% of the cases. The high back rounded Dutch /u:/
was assimilated to the Polish /u/ by all three groups of learners.

As regards assimilation types of Dutch vowels for Polish learners of the
three L2s, the results obtained at the 50% and 70% assimilation thresholds
are presented in Table 10.
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Table 10. Dutch vowel assimilation types by Polish learners of L2 English,
L3 French and L 3 Dutch at 50 and 70% assimilation thresholds

Assimilation type at Assimilation type at
Dutch 50% assimilation 70% assimilation
stimuli Polish learners of ° °
threshold threshold
L2 English Categorized Categorized
/is/ L3 French Categorized Categorized
L3 Dutch Categorized Categorized
L2 English Categorized Focalized
n/ L3 French Categorized Clustered
L3 Dutch Clustered Clustered
L2 English Focalized Focalized
lex/ L3 French Categorized Categorized
L3 Dutch Categorized Categorized
L2 English Categorized Categorized
/el L3 French Categorized Categorized
L3 Dutch Categorized Categorized
L2 English Categorized Clustered
ly:/ L3 French Categorized Focalized
L3 Dutch Categorized Focalized
L2 English Categorized Focalized
I/ L3 French Clustered Clustered
L3 Dutch Categorized Clustered
L2 English Categorized Focalized
e/ L3 French Categorized Focalized
L3 Dutch Clustered Clustered
L2 English Categorized Categorized
hu/ L3 French Categorized Categorized
L3 Dutch Categorized Categorized

4.7. Discussion

This section deals with the discrimination results and assimilation results
and moreover discusses the influence of the listeners’ L2 or L3 on Dutch
vowel assimilation strategies and summarizes the role of the selective at-
tention to features in L3 and foreign vowel perception.
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4.7.1. Discussion of discrimination results

Research question number three asked whether discrimination rates de-
pended on assimilation types, as assumed by PAM. Discrimination rates
were ceiling, i.e. above 98%, correct, for all the eight tested vowel contrasts
-/, fit-y/, Ix -u/, /e -w/, e - ¥/, /o - Y/, /1 - @/ and /e: - @/. These
results seem to be comparable though higher than the results obtained by
Tyler et al. (2014). That study also tested contrasts involving lip rounding:
three French contrasts, high-mid front rounded versus low-mid front
rounded /de - dee/ (96.47% correct discrimination), and high front rounded
versus high mid front rounded /sy - so/ (92.20% correct discrimination),
oral versus nasal high-mid back rounded /bo - bd/ (96.31 % correct dis-
crimination), two Norwegian contrasts, high front unrounded versus out-
rounded /ki - ky/ (72.76% correct discrimination) and high front unrounded
versus in-rounded centralized /ki - ka/ (100% correct discrimination), and
one Thai contrast, high back unrounded versus high-mid back unrounded
/bur - by/ (95.51% correct discrimination). Discrimination rates for all the
vowel pairs were excellent, > 95%, except for /ki - ky/ for which discrim-
ination was fairly poor (73%). The participants in Tyler et al. (2014) were
13 American English listeners who had not studied French, Norwegian,
Thai, or any other language which has the tested vowel contrasts.

In the present study, 21 subjects made one mistake, six subjects made
two mistakes, two subjects made 3 mistakes, one subject made 16 mistakes,
and the remaining subjects replied correctly to all the 96 triads in the test.
When the results were analyzed according to contrast, each contrast had a
number of mistakes ranging from 4 to 7 among 552 responses. Since the
number of mistakes was marginal and evenly distributed, there was no
point in analyzing the mean per cent discrimination scores against individ-
ual assimilation types, as was done by Tyler et al. (2014).

The results revealed excellent, ceiling level discrimination rates for all
the tested vowel contrasts in all three L2/L3 groups (Table 8). Either the
feature [+ rounded] must be easily distinguishable or advanced L2/L3
learners must have acute sensitivity. If one wonders why L2 English learn-
ers also find high and mid front and central rounded-unrounded vowel dis-
crimination so easy, we can only ascribe this to experience with the English
high central /u/, which is fronted after a palatal approximant /j/. If this
were, however, the case, then American English listeners would have dis-
criminated the Norwegian /i - y/ contrast with more accuracy than 79%
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correct (Best, Halle, Bohn and Faber (2003)). Therefore, it seems unlikely
that the feature [+rounded] is particularly easy to single out and that one
can base discrimination upon it. It is more likely that the advanced L2 learn-
ers in this study were really sensitive to phonetic differences.

Technical differences are unlikely to have contributed to ceiling effects,
as the same inter-stimulus intervals and inter-trial intervals of 1 s and 6 s
respectively were used, as in PAM studies (for example: Best and Strange
1992, Best et al. 1988 and 2001, Tyler et al. 2014). In PAM studies, how-
ever, a given contrast is tested within a block, with a randomized order of
the four AXB trial types. In the present study, the four AXB trial types were
also randomized, but all the contrasts were mixed within one block. This
step actually should have presented more of a challenge — subjects did not
know which contrast to expect next and could not get used to relying on
purely acoustic differences between stimuli in a given contrast so easily.
Therefore, this difference between PAM studies and the present study is not
likely to have encouraged the ceiling results.

Concluding the answer to research question number three, discrimina-
tion rates for all the tested Dutch vowel contrasts in all the three groups
were ceiling, so we cannot claim that they depend or they do not depend on
assimilation types. It was expected that Cross Boarder contrasts (assimi-
lated as Two Category or Categorized-Uncategorized non-overlapping)
would have higher discrimination rates than Category Goodness, and the
lowest discrimination rates were expected in the case of Single Category
assimilations. The results suggest, however, that subjects did not have dif-
ficulty discriminating vowels belonging to any assimilation type. Technical
issues are unlikely to have contributed to the excellent discrimination rates.
The feature [+ rounded] does not seem to have been a particularly easy
feature in other perception studies. The third option ascribes the excellent
discrimination rates to the bilingual listeners’ sharpened sensitivity to pho-
netic contrasts in general. This finding would be in line with Antoniou et
al. (2015), whose study revealed bilinguals outperforming monolinguals in
the case of unmarked features production. In a discrimination task, vowels
in a contrast in which A has an unmarked feature combination (as high front
unrounded) and B has a marked feature combination (high front rounded)
hypothetically should be easier to distinguish than an unknown contrast be-
tween vowels which are both marked or both unmarked.

Since discrimination rates for all the contrasts were ceiling, the fourth
research question cannot be answered, either.
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Generally, more research is needed to shed light on the discrimination
of foreign language marked contrasts and unmarked contrasts, discrimina-
tion of marked rounded vowels and marked unrounded vowels, as well as
comparison of monolingual vs. bilingual foreign language vowel percep-
tion and individual differences in such circumstances. Further research
should aim at finding explanations for ceiling discrimination rates among
bilinguals, despite Categorized — Uncategorized or Uncategorized — Uncat-
egorized overlapping or partially overlapping assimilations.

4.7.2. Discussion of the assimilation results of Dutch vowels to Polish
vowel categories by Polish learners of L2 English, L3 French and L3
Dutch.

Research question number five asked about assimilations of Dutch vowels
to Polish vowel categories. The Dutch vowel /ii/ is perceived as /i/ by all
groups of Polish listeners in over 98% of cases. The goodness ratings are
only moderately high, perhaps due to the fact that the Dutch /i/ sound is
tenser than the Polish counterpart. There is a discrepancy between how
well-matched the subjects perceive the Dutch /i/ to be in terms of the Polish
/i/: subjects with L2 English (3.7), L3 Dutch (4.4) and L3 French (4.8).
Perhaps the learners of French, not acquainted with the role of vowel length
differences, do not pay attention to the longer duration of the vowel in com-
parison to the Polish standard.

The Dutch /1/ is perceived as /i/ by 30.4% of English learners, 50% of
Dutch learners and only 5.6% of French learners, as /1/ by 69% of English
learners, 50% of Dutch learners and 58% of French learners. Acoustically,
it seems that the Dutch and English /i/ is comparable to the Polish /i/,
whereas the Dutch and English /1/ are counterparts of the Polish /i/. Yet
both the perception and production of /1/ are notorious problems for Polish
learners of English (cf. Bogacka [Balas] 2004, Rojczyk 2010a, Lipinska
2017). The influence of orthography seems to matter here. The letter i
which in Germanic languages denotes /1/ is read as /i/ in Polish. Most likely,
the spelling of pronunciation is transferred onto perception. It is worth not-
ing that in 36.1% of cases, the French learners perceive the Dutch /1/ as
Polish /e/. This might stem from the fact that the French /e/ is higher than
in other languages, but it also goes in line with the perception of the Dutch
/e/ as the Polish /a/, as if front vowels in a chain were perceived as lower.
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The goodness ratings of /1/ are around 3.5, which denotes a moderate match
of the Dutch /1/ and the chosen Polish categories.

All learners categorized the Dutch /e:/ as Polish /e/, but they assigned
relatively low goodness ratings, which is probably due to the duration of
this vowel. A considerable number of assimilations of the Dutch /e:/ to
Polish vowels /i/ or /i/ were probably caused by the height of the Dutch /e:/.
Worthy of note is that the learners of French related the Dutch /e:/ to the
Polish /i/, while the learners of Dutch and English, which have tense-
ness/duration distinctions, related it more eagerly to the Polish counterpart
of the Dutch and English high tense vowel, i.e. /i/.

The English and Dutch learners categorized the Dutch /e/ as /e/, while the
French learners categorized it as /a/. The phonetic motivation behind it prob-
ably is that the French /a/ is front and not completely open and besides there
are ongoing changes with respect to the phonemic status of /a/ and /a/ in
French. A considerable number of responses by the English learners also
pointed to /a/, which might stem from the fact that the three English low
vowels /e, A/ and /a:/, which were all perceived as the Polish /a/ (see chapter
3, section 3.9.1. and 3.10.2,), “spread” the boundaries of the category.

The Dutch /ui/ was categorized as the Polish /u/, with mean goodness
ratings varying between 3.3 for the English learners and 4.2 for the learners
of French. The lowest goodness of fit given by the learners of English might
be due to the central quality of the English /u:/ as opposed to the Dutch back
/uy/. This result is important as a reference point for discussing the catego-
rization of front rounded vowels.

The Dutch /y:/ is a front rounded vowel, which was perceived as /u/ or /#/
by the learners of English who are not familiar with front rounded vowels
and predominantly as /i/ by the learners of Dutch and French who are accus-
tomed to front rounded vowels. Goodness ratings here vary. The learners of
English and French assigned lower goodness ratings to /y:/ than to /i/ or /u/.
It is worth noting that the learners of Dutch gave higher goodness ratings,
which might stem from the fact that the tested language is their L3, and not
a foreign language, i.e. they were familiar with the vowels presented.

The results for /v/ were similar to the results for /y:/ -- there was even
slightly more balance between /u/ and /i#/ categorizations by the learners of
Dutch and French, probably because /v/ is more centralized than /y/. For the
same reason, the learners of English increasingly chose the /u/ as a target.
The learners of English and French similarly evaluated the goodness of fit of
the Dutch vowels /y:/ and /v/ to Polish categories, whereas the learners of
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Dutch gave higher goodness ratings to /y:/ than to /v/, as if noticing that /y:/
is acoustically much closer to both /i/ and /u/, because they have similar F1
values. This result could be due to the fact that Dutch has more tongue ad-
vancement distinctions, so the learners of Dutch might be more accustomed
to noticing the features related to the tongue advancement.

When the Polish learners heard the Dutch /ev/, the winning target was
/u/ for the English and Dutch speakers, while the French learners preferred
/1. The vowel /i/ was also a common second choice for other learners.
Goodness ratings were really low, probably because this Dutch vowel is a
front centralized rounded vowel, so it is different from a back rounded /u/
and different from a front unrounded /i/. In acoustic terms, the difference
between /y/ and /v/ is larger than the difference between /v/ and /e:/, yet
the differences between goodness ratings were larger between the latter two
sounds, proving once again that there is no one-to-one relationship between
auditory and acoustic properties of sounds. The Dutch and French learners
gave higher goodness ratings to /#/ than to /u/ probably because they had
been used to hearing non-back vowels being rounded.

On the basis of Table 9, we can see that the feature “rounded” means
that a sound containing it was bound to be interpreted by Polish learners as
/u/, and it seems that goodness ratings here were proportional to the close-
ness of the rounded vowel to the Polish /u/. Dutch /u:/ is the closest, fol-
lowed by /y:/, and followed by /yv/ which are much more fronted than /u:/
and then by /@¢/ which is as fronted as the /y/, but is also slightly lower than
/y/ and much lower than /u:/. In terms of assimilation types, at 70% thresh-
old these were Categorized — Uncategorized, partially overlapping types or,
at 50% threshold some of them were Category Goodness types and they
would have presented a good testing ground for discrimination perfor-
mance if only it had not been ceiling.

4.7.3. Discussion of the influence of the listeners’ L2 or L3 on their percep-
tion of Dutch vowels

Research question one asked whether the listeners’ L2 or L3 influences their
perception of Dutch/foreign language vowels. In the two experiments, dis-
crimination and categorization with goodness ratings of Dutch vowels was
tested. The listeners had a common L1, i.e. Polish, they all knew English to
some extent and they had three different dominant non-native languages: L2
English, L3 French and L3 Dutch. The tested language was Dutch.
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Discrimination results turned out to be excellent, ceiling rates, in some
cases equal to, in other cases higher than the ones reported in the literature
for monolingual listeners (cf. Tyler et al. 2014). Therefore we cannot draw
conclusions about the language-specific influence of the L2 on L3 vowel
discrimination on the basis of the present study. It can only be pointed out
that the results might suggest bilingual advantage in foreign vowel discrim-
ination compared to the results obtained by Tyler et al. (2014). Enhanced
sensitivity to foreign language vowel contrasts in this study could be as-
cribed to the cognitive flexibility of advanced L3 learners with high lin-
guistic metacompetence.

The main finding is that identification patterns of Dutch vowels by
Polish learners of English, French and Dutch consistently varied across
L2 groups. If the subjects all had a common L1, and different dominant
L2 and L3s, with different vowel inventories, different sizes and different
relationships between the acoustic properties of vowels, we may assume
that the dominant non-native languages affected the different results of
the Dutch vowel categorization task. The most important finding refers to
the perception of the feature [+ rounded]. The Dutch /u/, with its low F2
characteristic for back vowels, was interpreted as /u/ across the board. The
Dutch non-back rounded vowels /@, Y/ and /y:/ were identified predomi-
nantly as front vowels by learners of languages with front rounded vowels
and as back vowels by learners of English who lack experience with the
feature [+ rounded] and used with front vowels. With reference to re-
search question number one, these results suggest that experience with
L2/L3 categories and features used in new combinations (i.e. front
rounded vowels, where the feature [+ rounded] is used in a new context
in comparison to the Polish vowel system) exerted an influence on L3/for-
eign language speech perception.

With regard to models of L3 acquisition, in the case of L3 speech percep-
tion of vowels, it seems that we may rule out the hypothesis that it is based
on L1 transfer only. If this were the case, then all the categorization results
would need to be the same. However, they were not the same. Crucially, we
were able to track specific phonetic or phonological explanations for the ob-
tained assimilation patterns (e.g. the shifted perception of front vowels by
the learners of French: /1/ was partially perceived as /e/, whereas /e/ was per-
ceived as /a/ or the perception of front and central rounded vowels).

The exclusive influence of L2 on L3 vowel perception would be some-
what difficult to prove in the assimilation task, which specifically asked for
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a comparison of Dutch vowels with L1 vowels. However, if only L2 cate-
gories were considered as targets for L3 vowel assimilation, the learners of
French would not have categorized the Dutch /1/ as Polish /i/, since French
has neither /i/ nor /1/. The Polish subjects also assigned higher goodness
ratings to /e¢/ than to /e/, showing a preference for the more Polish-like
lower /¢/, although their L2s have either both vowels (Dutch and French)
or only /e/ (English).

Previous phonetic research found L1/L2 to L3 transfer in discrimina-
tion, facilitated by experience with the phonemic contrasts present in the
tested foreign language and one of the languages known by the subject
(Patihis et al. 2015). The present results seem corroborate this claim for
categorization. Both the French and Dutch learners, who knew front
rounded vowels from their L3s, and the English learners, who had no ex-
perience with front rounded vowels, assimilated them to the Polish /i/ and
/u/, but the proportions varied depending on L2-specific experience.

The present results also corroborate the conclusion of Antoniou et al.
(2015) that in the case of marked features, bilinguals outperform monolin-
guals in word learning only if they have experience with a given feature.
Here, when asked to categorize front rounded vowels, bilinguals managed
to disentangle rounding from backness better if they knew a non-native
language which included front rounded vowels (i.e. French and Dutch).

On the basis of categorization of Dutch vowels by Polish learners of
English, French and Dutch, it seems that the initial stage (Rothman 2011)
in L3/foreign language vowel perception is shaped by both the L1 and L2
as well as L3, in agreement with the combined cross-linguistic influence
hypothesis (de Angelis 2007). Specifically, L1, L2 and L3 interact with one
another both on the phonological level (the number of vowels in the inven-
tory, the contrastive features used in the systems) as well as on the lower
phonetic level where acoustic relationships between L1, L2 (cf. Alispahic
et al. 2017) and L3 sounds matter. This was evident in different proportions
of categorizing a given Dutch vowel to a given Polish target, as well in
different goodness ratings dependent on the L2/L3 group. Therefore, the
answer to research question number one is that foreign language vowel per-
ception and presumably the initial stage in L3 or further language (Ln) per-
ception exhibit both L1 and language-specific L2 and L3 influences.
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4.7.4. Discussion of the role of selective attention to features in L2 and FL

Research question number two asked whether selective attention to features
(Pajak and Levy 2014) applies to the features used in the L1 only or perhaps
also to the features used in the L2 or L3. The relevant result here is that the
Polish learners of French and Dutch, which have front rounded vowels,
perceived the Dutch front rounded vowels more often as front than back
vowels, in contrast to the Polish learners of English who were more likely
to categorize them as a Polish high back /u/. These findings suggest that
familiarity with the feature [+ rounded] from the L1 (Polish uses rounding
for its back vowels and /w/, but the feature is only secondary, i.e. is not
used contrastively/distinctively) does not mean the feature can be easily
abstracted and used in a completely different context (front vowels).

There are two possible explanations for the lack of selective attention to
the feature [+ rounded] by L1 Polish L2 English listeners. The first explana-
tion would be that the hypothesis about selective attention to features should
incorporate markedness. This would mean that a feature known from the L1
is not re-used in perception, if it means opting for an assimilation target with
a marked combination of features (front rounded vowels are marked, and are
less-frequent in world languages). The other explanation for the lack of, or
considerably smaller effects of selective attention to features known from the
L1 in a foreign language, would be that the feature in question needs to be
contrastive in the L1. This claim would be in line with Bohn and Best’s
(2012) finding where native German listeners, who do not have /w/ in their
L1 inventory, discriminated the /w - j/ contrast better than native English lis-
teners. The authors attributed the enhanced sensitivity to /w - j/ contrast to
both the vowel-like properties of word-initial approximants and experience
with contrastive lip rounding for front vowels.

The fact that listeners with L3 French or Dutch, where rounding distin-
guishes front vowels, tended to assimilate front rounded Dutch vowels to
Polish front vowels more often than the learners of English supports the
second explanation. It seems that for a default monolingual Polish listener
the two features [+ rounded] and [+ back] are linked in an implicational
hierarchy, in which [+ rounded] implies [+ back]. As an L1 Polish listener
you need experience with front unrounded and rounded vowels in your L2,
i.e. with an active contrastive feature, to trigger disentangling rounding
from backness. Simultaneously, these results mean that selective attention



Perception of third and foreign language vowels 127

to features can be based on contrastive features from the L2. This gives a
positive answer to research question number two.

There remains, however, one more explanation of Dutch vowel percep-
tion by Polish learners of various L2/L.3s to consider. We cannot rule out
the possibility that learners of French and Dutch simply tended to perceive
Dutch vowels as front vowels primarily due to familiarity with front
rounded vowels. This would mean that the Dutch learners managed to
counteract markedness in their L3 and the French learners managed to
counteract markedness in a foreign language, just because the tested aspect
was similar to what their L3 French experience sensitized them to. Accord-
ing to such a scenario, the above reported results could not be attributed to
selective attention to features. The next chapter presents a study designed
to resolve the doubt concerning the interpretation of the present results.






Chapter Five

Perception of front rounded
and back unrounded vowels

The previous study tested whether there is a language-specific effect of L2
acquisition on foreign vowel perception and whether the acquisition of the
L2 with specific vowel features does or does not facilitate the perception
of different foreign language vowels with the same feature (cf. Bohn &
Best 2012, Escudero & Williams 2012). Specifically, what was tested was
how the feature [+ rounded] in various familiar configurations (universal
back rounded vowels present in Polish, English, though in a centralized
form, French and Dutch) and unfamiliar configurations (front rounded
vowels, which are present in Dutch and French, but not in Polish or in Eng-
lish) influences perception of foreign vowels. Dutch front rounded vowels
were identified predominantly as front vowels by the learners of French
and Dutch and as back vowels by the learners of English. The results sug-
gest that the experience with second language front rounded vowels is
enough to trigger disentangling rounding from backness and perceiving the
frontness of the vowels, despite their rounding. They also stand in opposi-
tion to Gallardo del Puerto (2007), who did not find any bilingual ad-
vantage. The previous study, however, did not reveal why the Dutch and
French learners succeeded in perceiving the Dutch front rounded vowels as
front vowels.

5.1. Hypotheses

To account for the Dutch and French learners’ assimilations of front
rounded vowels to Polish front vowels we can propose two hypotheses.

e Weak hypothesis: Learners of French and Dutch assimilated front
and front centralized rounded vowels to Polish front vowels, be-
cause they were simply familiar with these vowels from their L2s:
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they managed to perceive the more marked front and front central-
ized rounded vowels and counteract the universal hierarchy, in
which rounding implies backness (see Crothers 1978 and Mad-
dieson 1984). Selective attention to features is limited to contras-
tive features used in similar contexts in languages known by the
listener (cf. the study presented in the previous chapter and Bohn
and Best 2012).

e Strong hypothesis: Learners of French and Dutch assimilated front
and front rounded vowels to Polish front vowels because there was
selective attention to features at play there. Thanks to their experi-
ence with front unrounded and rounded vowels in their L3s, learn-
ers could learn to actively use the feature [+ rounded]. They should
also be able to actively use this feature in a completely new context,
not only in other front rounded vowels.

In order to verify the two hypotheses, the present study examines the per-
ception of unfamiliar Turkish vowels: a back unrounded vowel /w/ and a
mid front centralized rounded vowel /ce/. In these vowels the feature [+
rounded] is used in a slightly different context than in French or Dutch: /ce/
is slightly lower than /@/ and /w/ is more marked than front rounded vowels
— it is a back vowel devoid of rounding.

A high unrounded Turkish vowel (henceforth HUTV), phonologically
speaking, is a back vowel and the evidence for its backness comes from
vowel harmony (Kornfilt 1997). Phonetically, its backness was once dis-
puted. Kili¢ and Ogiit (2004) explained that, acoustically centralized as
HUTYV might seem, auditorily it is a back vowel due to the hyperspace ef-
fect (Johnson et al. 1993). Also, Ladefoged (1993) observed that removing
lip rounding from the back vowel /u/ to produce /w/ raises F2 so that it is
seems closer to the center of the vowel formant chart.

The first hypothesis above assumes that the major role in front rounded
vowel perception is played by experience with similar front rounded vow-
els. If this hypothesis is true, the perception of the Turkish vowels, espe-
cially of the /w/, will be similar by the Polish learners of English, French
and Dutch, because none of the subjects had any experience with high back
unrounded vowels. The universal hierarchy of vowel configurations
(Crothers 1978) states that the most universal, unmarked system involves
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front unrounded and back rounded vowels. High front rounded vowels hap-
pen to be less frequent and more marked, whereas high back unrounded
vowels are the least frequent and the most marked ones. So if sheer expe-
rience with a given vowel feature configuration is crucial in foreign vowel
perception, then certainly, the French and Dutch learners should differ from
the English learners when it comes to front rounded vowel perception, as
the latter subjects are not familiar with front rounded vowels. Nevertheless,
since a high back unrounded vowel is a more marked feature combination,
all three groups of learners are unfamiliar with it, so they should all find
such a combination equally challenging in perception. Such a scenario
would support a narrow bilingual advantage, along the lines of Patihis et
al. (2015). This would mean that the bilingual advantage in selective atten-
tion to features is strictly limited to the same or very similar phonemic cat-
egories across languages.

If the second, strong hypothesis about the major role of selective atten-
tion to features is true, the French and Dutch learners will perceive the
Turkish vowels more consistently than the English learners. Due to their
experience with front unrounded and rounded vowels in their L2s, the
learners of Dutch and French could learn to actively use the feature [+
rounded] to disentangle rounding from backness and faithfully perceive the
front rounded vowels. This ability to disentangle rounding from backness
will also be used in the case of the Turkish back unrounded vowel and yield
more consistent perception by the learners of Dutch and French than by the
learners of English. Since bilingualism may increase the ability to focus on
relevant stimuli (Bartolotti and Marian 2012), we may also expect that in
non-native speech perception those bilinguals whose L2s have front
rounded vowels will find it easier to concentrate on or disentangle the pho-
netic features of rounding and the tongue advancement, because they are
already experienced in manipulating them in their L2s, which employ
rounding contrastively. Such a scenario would support the idea of a broader
bilingual advantage in selective attention to features, not restricted to par-
ticularly similar phonemic categories, but based on a broader repertoire of
features, and therefore feature combinations at the disposal of L2 learners.
The broader bilingual advantage proposed here would not mean that per-
ception becomes more flexible only due to the fact that a person is bilin-
gual, but because more features (from L1 and L2 distinctive feature reper-
toires) are available for bilinguals to manipulate. This hypothesis offers
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more possibilities than narrow bilingual advantage based on phonemic cat-
egories, but not unlimited advantages due to perceptual flexibility.

5.2. Method!

This section presents the third experiment whose aim was to verify the two
hypotheses proposed above to account for the results study two.

5.2.1. Stimuli

The recordings took place in a studio with an anechoic chamber equipped
with digital audio recording equipment in the Center for Speech and Lan-
guage Processing at Adam Mickiewicz University in Poznan. The Turkish
stimuli were recorded by a male native speaker of Turkish. The speaker
read sentences with eight Turkish vowels /i, y, w, u, e, ce, o/ and /a/ in a
carrier sentence: SVs i¢inde V bulunur [There is V in sVs]. Only words with
/w/ and /ce/ were used for the present experiment. There were also eight
Dutch vowels used in the experiment. These were recorded by a native
speaker of Northern Standard Dutch. The stimuli were read by the same
speaker who had recorded the stimuli in the previous experiment which
examined Dutch vowels only, but this time the set of vowels was modified
to include: /a, a:, e, €, @, u, y/ and /v/. They were recorded in the same
carrier phrase and in the same technical conditions as previously. For those
categories that were repeated in the current study, two tokens were the same
as previously and the third one was a new one (only two tokens of each
vowel were used in the previous study, while here in the study three there
were three tokens used). All the tokens used in the present study are shown
in Figure 4, whereas both their formant values and durations are listed in
Table 11.

! The preliminary results based on a smaller number of participants and presenting the
perception of Turkish vowels only appeared in a much shorter form in Balas (2017b).
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Figure 4. A plot of the Turkish and Dutch vowels used in study three

Table 11. Mean formant values (Hz) and durations (msec.) of the Turkish
and Dutch stimuli used in study three

Stimulus F1 F2 F3 Duration
/wt/ 438 1260 2934 88
/ce/ 492 1556 2616 110
ly:/ 240 1941 2289 230
I/ 374 1856 2519 99
@/ 422 1575 2333 228
e/ 427 2124 2797 251
/e/ 652 1642 2606 108
/a:/ 692 1367 2885 266
/a/ 705 1018 2857 123
/u:/ 245 1042 2417 204

5.2.2. Subjects

The subjects were native speakers of Polish who major either in English,
French or Dutch at Adam Mickiewicz University in Poznan. For all the
subjects, English was their second language, i.e. the first non-native lan-
guage they started learning. As in the case of the experiment on Dutch
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vowel perception described in the previous chapter, second and third lan-
guage learners rather than native speakers of English, French or Dutch were
chosen, because then subjects from the three groups could categorize for-
eign language sounds to their L1 categories. In this way a common L1
served as a tertium comparationis for assimilations potentially mediated by
the second and third language. There were 27 listeners with L2 English, 22
listeners with L3 French and 25 listeners with L3 Dutch.

Participants’ profiles will be described below on the basis of language
history questionnaires, which were filled in by the subjects after they fin-
ished the perception experiment. The levels of language competence refer
to the Common European Framework of Reference for Languages (2011)
described in section 4.6.2.1.

The 27 listeners, who were English majors, included 24 females and 3
males. Their mean age was 19.52 (SD = 1,03 range 18 — 23). Their compe-
tence in English was advanced, ranging from advanced to proficient (4.76
points on a six-point scale, according to the classification of the Common
European Framework of Reference for Languages (2011), based on their
declarations and the faculty admission criteria. Their mean age of onset of
learning was 6.96 (SD = 2.1). The participants had been learning other lan-
guages as their L3 or L3s (i.e. a subsequent foreign language/s after Eng-
lish. Some 20 subjects had been learning German. Their competence was
2.4 on a six-point scale according to the CEFR and the mean age of onset
of learning was 9.75. Five participants had been learning French. Their
level of advancement equaled 2 on a six-point CEFR scale, and the mean
age of onset of learning was 13.83. Five subjects had been learning Span-
ish. Their level of competence was 2.08, and AOL was 16.67. Three sub-
jects had been learning Russian. Their competence was 2.8 on a six-point
scale and the mean age of onset of learning was 12 (SD = 4). Five subjects
whose competence in L3 German or French (i.e. the languages with front
rounded vowels) exceeded 3, i.e. B1 or intermediate on the CEFR scale,
were excluded from the analysis. Only the answers from 27 listeners with
minimum competence in L2 English at the level of 4 and the maximum
level of competence in L3 French or German not exceeding 3 were ana-
lyzed.

The group described here as the learners of French comprised 22 listen-
ers, whose mean age was 21.23. In terms of competence and AOL, their L2
was English. Their competence in English was estimated on average as 4.36
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on a six-point scale, with an AOL which equaled 7.82. At the time of the
experiment, the subjects had been studying French at university for two
years, so in terms of frequency of use, French was their most commonly used
non-native language. The subjects declared that their level was 4.03 and the
average AOL was 17.36 years. Only in the case of four subjects was the level
of competence in French equal to or higher than the level of competence in
English. Some 11 subjects knew German at an average level of 2.59 and an
AQOL of 10.9. In that group one person knew Dutch at the level of C1 and
one person knew Swedish at the level of 2.5. Unlike in the case of the learners
of English, the responses from subjects who knew German or Dutch at higher
levels were also taken into account, as indeed the familiarity with front
rounded vowels was expected in this group. Additionally, six subjects knew
Spanish at a level of 4.17 and an AOL which was 16.5 and six subjects knew
Italian at a level of 2.91 and an AOL which was 18.17.

The group labeled here as the learners of Dutch comprised 25 listeners,
whose mean age was 21.58. Like the learners of French, in terms of com-
petence and AOL their L2 was English, which they knew at a level of 4.63
(B2/C1) and with an AOL of 7.46. At the time of the experiment, the sub-
jects had been studying Dutch for two years at university, so in terms of
frequency and recency of use, Dutch was their dominant non-native lan-
guage. They declared their competence in Dutch was at the level of 3.55
and their AOL was 19.54. Only one subject estimated their competence in
Dutch as being higher than in English. Additionally, 11 subjects knew Ger-
man at the A2 level (2.33) and the mean age of onset of learning German
was 11.56. Only four subjects declared knowledge of French, which was at
the A2 level (2.3), and the mean age of learning was 13.75. Unlike in the
case of the learners of English, and similarly to the procedure in the case of
the learners of French, high competence in another language with front
rounded vowels was not a basis for exclusion from the analysis. Addition-
ally, one subject knew Spanish at the B1 level and two subjects knew Rus-
sian at the A2 level.

On the basis of the presented biographical information referring to the
language history of the subjects, we can characterize the three groups of
subjects.

e In the so called group of learners of English, the subjects were ma-
joring in English and therefore had higher competence in English
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and were undergoing phonetic training in English. They had lim-
ited knowledge of L3s with high rounded vowels, not higher than
BI.

e In the so called group of learners of French, the subjects were ma-
joring in French and had undergone phonetic training in French, so
the frequency and recency of use point to French as a dominant
non-native language, but their overall competence was higher in
English, which they had studied for a longer amount of time, be-
ginning in the period before puberty.

e In the so called group of learners of Dutch, the subjects also were
majoring in Dutch and had undergone phonetic training in Dutch,
so the frequency and recency of use point to Dutch as the dominant
non-native language, but their overall competence was higher in
English, which they had studied for a longer amount of time, be-
ginning prior to puberty.

5.2.3. Procedure

After the subjects signed informed consent forms, the experiment consisted
of an identification test with category goodness ranking of Turkish vowels
(and additionally Dutch vowels) in terms of Polish vowels. The subjects
performed a keyword identification of the two Turkish vowels /i, ce/ and
the Dutch vowels /a, ai, e, €, @, u, y/ and /v/ in terms of six Polish vowel
categories /i, 1, e, a, 0, u/ and eight vowel plus glide sequences /ij, €j, aj,
uj, ew, aw, iw, uw/. The labels in the experiment were orthographical: i, y,
e, a, o, u, e, aj, ij, uj, et, al, it, ut since Polish vowel orthography is trans-
parent. The tested items were ten vowel categories, three tokens per cate-
gory, and five repetitions per token, which yielded 150 trials per subject.
The stimuli were presented randomly, and were preceded by warm-up
items. The subjects clicked on a Polish keyword corresponding to the vowel
that they heard in the item and then rated the similarity of the vowel in the
auditory stimulus to the vowel in the chosen keyword (1 being barely sim-
ilar and 7 being a very good fit).
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5.3. Results

This section presents assimilation and goodness rating results for the two
Turkish vowels and the eight Dutch vowels which were examined in the
present study. As there were 10 vowel stimuli in the experiment, 14 re-
sponses and goodness ratings, for clarity of presentation, the responses to
a given stimulus will be presented in separate tables (only the categoriza-
tions above 3% will be shown), whereas the full version of the results is
presented in the Appendix. In each table the results for the Polish learners
of L2 English, L3 French and L3 Dutch are listed separately. The most fre-
quently chosen identification response per target is boldfaced. Responses
which were significantly above the chance level are marked with an *.The
goodness ratings were based on a scale that ranged from 1 (barely similar)
to 7 (identical).

Perception of the Turkish high back unrounded vowel in Table 12 rep-
resents an example of an uncategorized assimilation in the case of both the
learners of English and French. The learners of Dutch categorized it as /i/
at the 50% threshold, or, if we assume a 70% threshold, they heard it as an
uncategorized clustered vowel, with high and mid front vowels /i/ and /e/
as targets. Listeners from the three groups seemed to categorize this vowel
in terms of the Polish /a/ in around 12 to 15% of the cases, although Polish
does not share any features with it, apart from the lack of lip rounding.
Statistical tests show that assimilation percentages to the Polish /a/ are not
significantly higher than the chance level (for English learners t = 1,22 and
p-value = 0,12, for Dutch learners t = 0,95, p-value = 0,18, and for French
learners t = 1,67 and p-value = 0,055). The learners of Dutch generally
seem to interpret it as a mid-high front retracted /#/ or a mid front /e/ —
giving a score of 80.51%. The learners of English favored the /i/ vowel, but
only with a score of 39.26%. If we add the score of 5.93% for /e/, there
seems to be a 45.19% preference for front vowels. The back vowels /u/ and
/a/ score 41.23%. In neither case does the value go beyond the 50% cate-
gorization threshold. The learners of French perceived the high back un-
rounded /wy/ as a front or back mid vowel, which is in line with the assimi-
lation of other Dutch vowels as lower vowels in comparison to the choices
by the learners of English and Dutch. It seems that the learners of English
opted for high vowels, either mid-high front centralized /i/ or high back
rounded /u/, the learners of French decided to assimilate the Turkish /w/ to
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mid-high /#/ or mid /o/ vowels, whereas the learners of Dutch assimilated it
to the front vowels /i/ and /e/. Concluding, the vowel /w/ was categorized
at the 50% threshold to /i/ by the learners of Dutch, otherwise it was an
uncategorized clustered assimilation type.

Table 12. Mean per cent assimilation and goodness rating (in parentheses)
of the Turkish high back unrounded vowel /w/

Language Response keywords: Polish vowel categories
group y e a 0 u
. 39.26* 5.93 12.59 16.54 24.69*
L2 English |~ 357y (2.58) (2.88) (4.06) (3.8)
L3 French | 2984% 15.56 15.56 34.60* 3.81
(3.06) 2.9) (3.29) (5.45) 2.92)
54.36* 26.15* 11.54 4.87
L3 Dutch (3.01) (434) (3.4) - (4.58)

Table 13 presents the assimilation patterns of another Turkish vowel — a
mid front centralized rounded vowel /ce/. Similarly to /w/, this vowel was
also uncategorized. The learners of English perceived it as an uncatego-
rized dispersed vowel with /#/, /e/ and /u/ being selected significantly
more often than chance. If we concentrate on the tongue advancement,
the learners of English perceived the Turkish /ce/ as a front /i/ or /e/ in
55.31% of the cases or as back /o/ or /u/ in 33.33% of the cases. The
learners of French perceived /ce/ as mid vowels /e/ or /o/, resulting in an
uncategorized clustered assimilation type. The learners of Dutch per-
ceived /ce/ as front centralized /i/ or front /e/, also resulting in an uncate-
gorized clustered assimilation type.

Table 13. Mean per cent assimilation and goodness rating (in parentheses) of the
Turkish mid front centralized rounded vowel /ce/

Language Response keywords: Polish vowel categories
group y e a 0 u
. 29.63* 25.68%* 7.65 12.1 21.23*
L2 English | = 7555 3.45 2.97 3.53 337
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L3 French 16.19 43.49* 1111 24.76* 3.49
2.82 3.67 34 5.44 3.18

45.90% 43.08* 3.59 5.13

L3 Dutch 3.13 476 271 - 4775

When the listeners learning Dutch heard the Dutch /a/ (see Table 14) they
chose the Polish /a/ as a target. The Polish learners of English and French,
however, split their answers between /a/ and /o/, barely categorizing the
vowel to /o/ at the 50% threshold. The Dutch low central /ai/ was assimi-
lated to the Polish /a/, also obtaining rather high goodness ratings (see Table
15). Similarly, the Dutch /e/ was assimilated to Polish /e/ by the learners of
English and Dutch (see Table 16). The learners of French, however, also
assimilated it to /a/, which is in line with other assimilations in the previous
study, where the learners of French perceived Dutch front vowels as lower
vowels more than the other groups did. A higher and tenser/longer Dutch
/ei/ was assimilated to /e/ and /ej/ (see Table 17). For the learners of English
it was an uncategorized clustered vowel. For the learners of French it was
categorized at the 50% threshold, and uncategorized focalized at the 70%
threshold. The learners of Dutch categorized /e:/ to /ej/ at the 50% threshold
or assimilated it as an uncategorized clustered vowel. Worthy of note is that
the learners of French, which does not have length/tenseness distinctions,
did not choose /¢j/ as a target, while it was the main target for the learners
of Dutch and the second choice for the learners of English.

Table 14. Mean per cent assimilation and goodness rating (in parentheses) of
the Dutch low back centralized /a/

Response keywords: Polish
Language vowel categories
group

a 0
. 44.94* 54.07*
L2 English (4.33) (6.13)
46.98* 52.38*
L3 French (5.78) (5.71)
89* 11.03

L3 Dutch (5.73) 6)
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Table 15. Mean per cent categorization and goodness rating (in parenthe-

ses) of the Dutch tense front centralized low vowel /a:/

Table 16. Mean per cent categorization and goodness rating (in parentheses)
of the Dutch front mid vowel /¢e/

Table 17. Mean per cent categorization and goodness rating (in parenthe-

Response keywords: Polish
Language vowel categories
group
a 0
. 94.81* 3.46
L2 English (5.69) )
98.1*
L3 French (5.64) -
99.45*
L3 Dutch (5.1) -

Response keywords:
Language Polish vowel categories
group
e a
. 97.78*
L2 English (5.41) -
71.11* 26.03*
L3 French (5.32) (4.9)
99.23*
L3 Dutch (5.7) -

ses) of the Dutch tense front high mid vowel /e:/

Response keywords: Polish vowel categories
Language

group i ij (/ij/) y (/i) c ¢j (/ej/)

. 6.67 10.37 45.93* 32.10%

L2 English 4.37) (5.5) (4.86) (4.58)
5.4 4.44 68.57* 20.32

L3 French (2.65) 6.3) 4.9) (5.53)
7.44 3.85 21.54* 66.41*

L3 Dutch (5.9) (2.5) B (3) (4.13)




Perception of front rounded ... 141

With reference to Dutch rounded vowels, the high back /u:/ was assimi-
lated to the Polish /u/ by the three groups of learners (see Table 18). The
Dutch high front rounded vowel /y:/ was assimilated to /u/ or /u/ plus glide
combinations (see Table 19). Worthy of note was that the learners of
Dutch assign lower goodness ratings. The Dutch mid high front central-
ized rounded vowel /y/ was assimilated to the Polish /u/ by the learners
of English, but /i/ is also chosen above the chance level (see Table 20).
The learners of French assimilated /y/ to /u/ to a lesser degree, chose /i/
more often than learners of English, and assigned lower goodness ratings.
The learners of Dutch assigned the lowest goodness ratings to /u/ out of
the three groups, and categorized the /v/ to /i/ rather than to /u/. Table 21
shows that the Dutch mid central /g:/ was assimilated as an uncategorized
dispersed vowel to /i/, /u/ and /uw/ by the learners of English, but if we
add the results for front vowels we reach almost 23% and the results for
back vowels add up to 71.12. For the learners of French, /¢:/ was an un-
categorized clustered vowel. If we sum the responses pointing at front or
back vowels, the result is 42.22 for front vowels, and 56.15 for back vow-
els. The Dutch learners assimilated /@:/ as an uncategorized clustered
vowel. In 44.7% of cases /@:/ was assimilated to the front /i/, and in
56.15% of cases to the high back /u/, /Juw/ and /uj/.

Table 18. Mean per cent categorization and goodness rating (in parenthe-
ses) of the Dutch tense high back rounded vowel /u:/

Response keywords:
Language Polish vowel categories
group
u ut (fuw/)
. 90.37* 8.15
L2 English |4 "9y (4.94)
91.43* 7.30
L3 French (5.2) (6.09)
85.38* 12.82
L3 Duich |7y g (3.98)
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Table 19. Mean per cent categorization and goodness rating (in parenthe-
ses) of the Dutch high front rounded vowel /y:/

Language Response keywords: Polish vowel categories

group i y (/i) u uj (uj/) ut (fuw/)
| - | g | o | p |
L3 Fronch | - | @ | @ | 6
L3 Dutch 4(28)7 (132..2065) @89 (gﬁi) 1(;345;

Table 20. Mean per cent categorization and goodness rating (in parenthe-

ses) of the Dutch mid high front centralized rounded vowel /v/

Language Response keywords: Polish vowel categories
group y (i) . )
L2 English 23:82* - 7‘1‘?2*
L3 French 36.83* ;ég 5333*
L3 Dutch nggg* - 433..589*

Table 21. Mean per cent categorization and goodness rating in parentheses

of the Dutch tense central high mid rounded vowel /@:/

Language Response keywords: Polish vowel categories
group y (i) e & (/eil) u uj (uif) | ut (fuwd)
| 1556 | 321 42 55.56* 15.56*
L2English | 373 | 292) | (2.59) (4.5) - (4.49)
i Frenen | 3143% | 1079 ] 43.49% | 1.90 7.30
353) | 353 (385 | @17) | (@6l
4077 4179% | 103 13.33
L3 Dutch |5y - - 319 | 375 | (4.06)
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Generally, the results revealed differences between the three groups of
learners. A repeated-measures ANOVA was run on all the Dutch, English
and French groups’ arcsine-transformed correct identification percentages
with Vowel as within-subject factor (10 levels) and L2/L.3 as between-sub-
jects factor (3 levels). Since there were no “correct” identification re-
sponses, the responses given by the learners of Dutch, as L3 learners of the
majority of the tested vowels, were treated as correct targets for the sake of
the present analysis. The analysis is supposed to show the differences be-
tween assimilation targets for the three groups of learners. There was a
main effect of Vowel (F =47.688; p < 2e-16), indicating that some vowels
were more difficult than others. There was a main effect of L2/L3 (F =
17.887; p = 2.64e-08), which means that there were significant differences
between vowel identification between the three L2/L.3 groups. The p-value
here is really small, but it is slightly larger than for the stimulus, which
indicates that the stimulus influenced the results more than the L2/L3.
There was a significant Vowel x L2/L3 interaction (F = 4.773; p = 3.81e-
10) (more than for the Vowel, and less than for the L2/L.3), which suggests
that the three groups differed in their identification responses for some
Dutch vowels.

5.4. Discussion of assimilation results and the comparison with study two

The major issues to be solved now within PAM are the following: to eval-
uate discrimination predictions for uncategorized phones and the influence
of perceptual overlap on discrimination rates; new category formation and
replacement of the use of an arbitrary categorization threshold (Faris et al.
2016). The present study may not contribute to these aims, but it uses the
three uncategorized assimilation types distinguished by Faris et al. (2016)
to trace the perception of Dutch and Turkish vowels by the three groups of
Polish learners of Dutch, French and English.

This section discusses the assimilation results of the present study on
Turkish and Dutch vowel perception by Polish learners of English, French
and Dutch, and also compares them, where relevant, to assimilation re-
sponses in the previous study reported in sections 4.6.2. and 4.7.2. In the
previous study, perception of the following eight Dutch vowels was tested:
/i, 1, e, €, yi, Y, 9/ and /uy/. In the present study, the main focus is on
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Turkish vowels /wi/ and /ce/, but some Dutch vowels were retested or intro-
duced to the study as well. Although participants in both studies shared the
main characteristics (L1, L2, L3 and age group), some of the vowels were
retested, because the subjects who took part in this study were not the same
individuals who participated in the Dutch vowel perception study. For the
sake of comparison between perception of the unmarked high back rounded
vowels and marked high front and central rounded vowels, the assimilation
of /ui, yi, Y/ and /@/ was retested. In order to confirm the /¢/ identification
by the French learners as Polish /a/, the Dutch /e:/ and /e/ vowels were
retested and the Dutch /a/ and /a:/ vowels were also included.

With regard to the assimilation patterns of /e, €, ai/ and /a/, the results
showed language-specific differences. High-mid front /e:/ was categorized
as Polish /e/ or /ej/, and the latter vowel plus glide combination was chosen
above the chance level only by the learners of English and Dutch, who have
experience with long/tense vowels. The lower and shorter/laxer /e/ was cat-
egorized as Polish /e/ by all three groups of subjects, but the learners of
French also gave a significantly higher than chance number of /a/ responses
—26.03% (t = 2,54 and p-value = 0,0097). This is in line with, but not iden-
tical to, the categorizations in the previous study, where even more prefer-
ence for /a/ was shown: the learners of English chose it in 28.6% of cases
and the learners of French in 91.67% of cases. The difference in categori-
zation ratios in the present and previous study can be interpreted as stem-
ming from the lower language advancement and experience of the partici-
pants in the present study.

The Dutch mid low central /a:/ was categorized as the Polish /a/. The
Dutch low back /a/ was categorized as the Polish /a/ by the learners of
Dutch (89%), whereas the learners of English and French chose /o/ (54.07%
by the learners of English and 52.38% by the learners of French) and /a/
(44.94% by the learners of English and 46.98% by the learners of French)
as targets, probably because both English and French have mid low back
rounded vowels in their repertoires.

As for the rounded vowels, the Dutch /u:/ was perceived as the Polish
/u/. Tt is worth noting that the Polish learners of French assigned higher
goodness ratings to the tense/long vowel, but it seems again, like in the case
of /ei/, that they may have not noticed the additional tenseness or length of
the Dutch vowel in comparison to the Polish counterpart.
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The Dutch /y:/ was generally perceived as /u/, or /u/ plus glide. This
stands in opposition to the previous study, in which the majority of re-
sponses given by the Dutch and French learners and a significant number
of responses by English learners pointed to the front vowel /i/. There were
three differences between the previous and the present study: the language
proficiency of the subjects, more response options in the present study, in-
cluding the vowel plus glide sequences, and more tokens employed and
reused in the present study. One or more of these factors must be responsi-
ble for the difference in the results. Since the tokens were almost identical,
it seems that it was either the level of L2 or response options that influenced
the results.

In the case of a front centralized high mid rounded /v/, an identification
pattern can be observed: the learners of English categorized the vowel as a
Polish front centralized unrounded /i/ only in 24.69% of cases, the French
learners in 36.83% of cases, and the learners of Dutch in the majority of cases
(55.90%). The more experience the subjects had with front rounded vowels,
the more likely they were to choose a front vowel as an identification target
for the rounded mid-high front centralized /v/. These results do not in fact
differ from those obtained in the previous study (see section 4.6.2.).

For the Dutch mid central rounded /g:/ responses were split between
front and back vowels. The learners of English were more likely to choose
back vowels as targets, and they differed in the percentage of /u/ responses
from both the French (z= 3,212 and p-value = 0,00132) and Dutch learners
(z =-3,88 and p-value = 0,00010).

In the light of the two hypotheses on selective attention to features pro-
posed above, it is difficult to interpret the data. The weak hypothesis as-
sumed that L2/L3 learners can only find it easy to perceive a given foreign
language sound if it is very similar to one of the sounds in their L1, L2 or
L3 repertoire. If the weak hypothesis was true, all groups should find cate-
gorizing the /w/ challenging. The strong hypothesis claimed that selective
attention to features should enable those who are familiar with high front
rounded vowels (i.e. who are used to employing the feature [+ rounded]
contrastively) to consistently perceive the Turkish high back unrounded
vowel. In the case of the initial results of this study, for a smaller number
of participants (17 learners of English, 10 learners of French and 25 learn-
ers of Dutch) reported by Balas (2017b), it seemed that the learners of
French and Dutch were able to disentangle rounding from backness and
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categorize /w/ at the 50% threshold (the learners of French to /o/, and the
learners of Dutch to /#/), whereas the learners of English chose four Polish
vowel categories at rates between 20 and 27%. It seemed that the learners
of English did not know how to react to such a combinations of features:
[+ high], [+ back], [- rounded]. At the same time, the learners of Dutch and
French, who were accustomed to manipulating lip rounding in the case of
their L3 front vowels, found strategies to consistently perceive the Turkish
/wi/ as /o/ (the learners of French) and as /i/ (the learners of Dutch).Those
initial results seemed to support the strong hypothesis. After adding data
from more participants, the results became less clear. The learners of Eng-
lish chose two vowels /i/ and /u/ above the chance level, whereas the other
two targets were chosen not significantly more often than the chance level,
one vowel below the chance level. The learners of English decided to
choose high and mid-high vowels as targets. The learners of French, who
initially seemed to have categorized /w/ as /o/, now assimilated it below the
categorization threshold to /o/ — 34.60% and to /¥/ — 29.84%, as if they had
opted to categorize /w/ to mid-high and mid vowels. The learners of Dutch
assimilated /w/ to the Polish /i/ above the 50% threshold, and also pointed
to /e/ above the chance level, as if they had decided to choose front mid-
high and mid vowels. Perceiving a given vowel as uncategorized is nothing
wrong — after all it should be easier to create a new category for a non-
native sound, if that sound is not assimilated to one of the L1 sounds. When
listeners do not categorize a non-native sound, they signal that they notice
differences between a given non-native sound and the L1 categories. The
point is that in the preliminary report by Balas (2017) it seemed that the
learners of English did not know how to react to /wi/, whereas the learners
of French and Dutch had their strategies to disentangle the lack of rounding
from frontness.

The results of the previous study from chapter four suggested that learn-
ers of French and Dutch who had experience with high and mid front vow-
els, were more likely to interpret them as front as opposed to back vowels
in comparison with learners of English who did not have experience with
contrasts based on rounding. This was interpreted as the in/ability on the
part of English learners and French or Dutch learners respectively to disen-
tangle rounding from backness. Once a non-native language has a distinc-
tion based on rounding in the front region, learners realize that a rounded
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vowel does not necessarily signal /u/. They could ignore rounding and con-
centrate on perceiving the height and advancement of a vowel. It was as-
sumed that in the same manner the learners of French and Dutch would be
able to ignore the lack of rounding and decode /w/ as a high back vowel.
The results have, however, not supported the strong hypothesis on selective
attention to the feature [+ rounded]. The only learners who actually, to a
significant degree, chose the Polish /u/ as a target for /wi/ were the learners
of English, who do not have any experience with contrastive rounding.
Their L2 English only has a high front spread /i:/ and high central slightly
rounded /u:/, which is a back vowel only before a velarized /1/ or becomes
front after /j/. This may mean that their category boundary for /u/ is gener-
ally spread beyond the traditional Polish high back region and covers the
high central and fronted areas. If we also take into account the results of
the study in chapter three, we should assume that the English mid-high cen-
tral slightly rounded /u/ is also subsumed under the Polish /u/ category,
probably further stretching its boundaries to encompass the mid-high cen-
tral region. The present results of /w/ categorizations do not seem to sup-
port the strong hypothesis on selective attention to features. They rather
seem to suggest that the subjects assimilated the tested vowels to any cate-
gory that under the influence of L1, L2 and the L3s known by the subjects
seemed in some respect similar to the tested item.

Concluding, it seems that in non-native vowel perception the known
categories from L1, L2 or L3 prevail. There is only some evidence for the
influence of selective attention to features in the case of more marked fea-
ture combinations, unknown to the listeners from any language they are
familiar with. On the basis of the two studies it seems that consistent per-
ception of marked feature combinations is more easily attested in the case
of familiar feature combinations — as was the case with high front rounded
and mid front rounded vowels, with which the learners of Dutch and French
were familiar. More marked feature combinations than the ones found in
L1, L2 or L3 do not easily subscribe to selective attention to features. On
the other hand, it cannot be claimed that the weak hypothesis is confirmed,
as it assumed that /w/ should be equally challenging for all groups of learn-
ers. It was not. The Dutch learners even managed to categorize it. These
results seem to suggest that fine-tuned phonetic categories shape percep-
tion. All the vowels in the languages one knows, shape, spread and modify
the vowel phonetic categories. These unique category configurations then
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influence the way non-native or foreign vowels are perceived. Perhaps the
present results offer some support for exemplar theories.

The results support the narrow-based L1/L2/L3 to L3/FL transfer: if the
subjects knew an L3 with a similar sound to the FL sound tested, they were
able to decompose its features more efficiently and assimilate it more con-
sistently to L1 categories, even in the case of marked feature combinations.
In the case of a highly marked unfamiliar feature combination, as with the
Turkish /w/, the advantage seems to be less clear, not pointing directly at a
fully-fledged selective attention to features. Those features which are more
marked than the ones familiar from the L.1/L2/L3.



Chapter Six

General discussion

“But for our science, whether we call it phonology or phonetics,
it is what is meant that is the given,

and how it is expressed that is the puzzle

— why we speak with such unconscious and inadvertent noise,
and why that noise, however massively variable,

gradually reveals such lawlike regularities.”

Stampe and Donegan (2009: 26)

In the light of previous abundant evidence for the crucial role of categories
which act as magnets, the role of individual features and selective attention
to features could only be supplementary. We have, nevertheless, found nu-
merous examples of the isolation of features and use of the known ones in
a facilitative way in non-native speech perception.

6.1. Proofs of isolation of features from L2 categories

Any language has a basic set of vowels and uses basic features; it is not pos-
sible to test a given feature in complete isolation from other features. Any
discussion of selective attention to features therefore needs to be based on
the features abstracted or isolated by listeners from category specifications.

6.1.1. Duration

Scenarios predicting the role of duration in L2, L3 and foreign language
perception by Polish listeners were, on the one hand, based on the desensi-
tization hypothesis (Bohn 1995) as well as studies showing the reliance of
Polish learners of English on duration cues: Bogacka (2004) for the /i: - 1/
contrast, Rojczyk (2010b and 2011) for the /& - A/ contrast, Porzuczek
(2010) for the improvement in the weak form 7o as a function of experience,
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Rojczyk (2013) for the distinction between the verb and noun record. On
the other hand there were studies pointing to challenges posed by duration
to Polish learners of English in the case of differentiating between long and
short vowels (Waniek-Klimczak 2005) and pre-fortis clipping (Waniek-
Klimczak 2005 and Szpyra-Koztowska et al. 2014), which would support
the feature hypothesis (McAllister et al. 2002).

The results of study one did not reveal particularly strong attention to
duration. Discrimination of English vowel contrasts did not rely on dura-
tion at all. Out of six excellently distinguished contrasts, only two (or three
if we assume longer duration of /@/) had duration differences: /i: - 1/, /e -
&/, /e-Al,le-1,/a-0/, /o -0/ All these contrasts were primarily distin-
guished by tongue height. The contrasts with lower discrimination rates
such as /e - 31/, /& - A/, /A - ai/ and /u: - u/ all had duration differences. As
for (dis-)similarity ratings for English vowel pairs, the least similar vowel
pairs, that is /e - &/, /e - 1/ and /e - A/, do not have duration/tenseness dis-
tinctions. The results suggest that listeners did not pay attention to duration,
but only to assimilations to categories and height differences. The results
of goodness ratings of English vowels as assimilated to Polish categories
suggest that duration differences together with spectral differences were
responsible for lower goodness ratings for free as opposed to checked vow-
els. Identification results reveal that free vowels /ii/, /2:/ and /u:/ were well
identified. Nevertheless, /3:/, whose mid-central quality is new for L1
Polish listeners and /a:/ which is assimilated to the Polish /a/ together with
two other English vowels, were not so easily identifiable. Worthy of note
here is the fact that among the poorly identified low vowels which were
assimilated to the Polish /a/, the long/free /a:/ was the easiest one to iden-
tify. Duration seemed to mediate misidentifications in that free vowels were
identified as other free vowels, whereas checked vowels were identified as
checked vowels: /3:/ was interpreted as /a:/, /a/ was interpreted as /a&/ or /o/
and rarely as /a/, /a:/ was interpreted as the longest checked vowel /&/ or
as /oi/, but never as /o/ or rarely as /a/, /0:/ was interpreted as /u:/ much more
often than as /u/, which is closer to /2:/ in terms of F1.

Concluding, in study one the role of duration was of secondary im-
portance: (1) duration coupled with spectral differences caused lower good-
ness ratings of the long/free vowels, (2) free/long vowels were generally
better identified than short/checked vowels unless special spectral charac-
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teristics or Single Category assimilation were involved, (3) free/long vow-
els were substituted for other free/long vowels, whereas short vowels were
substituted for short vowels. Duration differences did not, however, boost
discrimination rates or (dis-)similarity ratings.

6.1.2. Vowel height

Universally, vowel height distinctions are equal to or more numerous than
backness distinctions (Crothers 1978). The results of the experiments pre-
sented here also showed that vowel height distinctions are relatively easily
perceivable. In the task where the subjects assimilated English vowels to
Polish categories, differences between the height of an English and Polish
vowel were easy to notice and such assimilations received lower goodness
ratings than in the case of backness distinctions. We observed relatively
high goodness ratings, i.e. above 4.6 for the English /it/, in phonotactically
permissible environments for /1/, for /e, @/ and /b/, whose height character-
istics are similar to those of Polish vowels. In the case of English vowels
which differ more in height from Polish vowels, goodness ratings were be-
low 4.5: /A, 0:/ and /u/ (admittedly, /o:/ differs from the Polish counterpart
both in terms of vowel height and duration) . Other vowels which received
lower goodness ratings were /3:, a:/ and /u:/. They may not be considerably
different from Polish vowels in terms of vowel height, but they differ from
Polish vowels in terms of two other features, namely backness and dura-
tion, so there are other reasons for lower goodness ratings here.

In fact, it was not combinations of two known features which eased
perception, as the hypothesis proposed. Two remarkably different features
yielded lower goodness ratings. Lower goodness ratings mean that equiva-
lence classification did not hinder isolation of the different features of a
non-native sound in comparison to the native one. They suggest that a
learner is on their way to forming a new category for a given sound, which
is the most welcome scenario.

In the English vowel identification task, the subjects confused vowels
in the horizontal plane, but a very marginal percentage of incorrect catego-
rizations had targeted vowels of a considerably different height than the
stimulus. There were 11 English categories to choose from, so the chance
level was 9%. The /i:/ vowel was not mistaken for /1/, the /1/ was in 12.1%
of the cases misinterpreted as /ii/, but this happened in velar contexts, where
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Polish has a phonotactic restriction on the occurrence of /1/. The English /e/
was not mistaken for /&/, and vice versa (the stimulus for /&/ was a modern
British English mid-low front centralized vowel). Low vowels were mainly
confused with one another, vowel length mediating confusions with vowels
of different height: /o/ was mistaken for /b/, whereas /a:/ was mistaken for
/3:/. The high-mid central /u/ was sometimes confused with the mid-high
front centralized /1/, but not really with higher /u:/. The results suggest that
a confusable feature is backness, but not height.

Vowel height was also a crucial feature in the English vowel discrimi-
nation task: the excellently discriminated contrasts, such as /i: - 1/, /e - &/,
/e - A/, /e -1/ and /A - o/ (admittedly, there is a relatively small height
difference here, perhaps the very good discrimination performance should
be subscribed to the difference in lip rounding), and /o: - o/, involved a
difference in the height of vowels. The poorly discriminated contrasts pri-
marily involved backness distinctions such as, for example, /e - 3:/ and they
were Single Category assimilation types: /& - A/ (there is a height difference
between these two vowels, but probably assimilation of both to the Polish
/a/ with similar goodness ratings suggests that equivalence classification is
at play here), /a: - A/ and /u: - u/. Vowel height differences seemed easy to
spot in the English vowel discrimination task, as opposed to vowel back-
ness. The two exceptions were explained by resorting to another differen-
tiating feature or equivalence classification.

As the results of the discrimination task generally matched the results
of the (dis-)similarity rating task, there is also a link between the height
differences in the examined vowel pairs and the (dis-)similarity ratings.
The three Single Category contrasts (/& - A/, /A - @i/ and /u: - u/), the latter
two without a considerable height difference, were the ones judged to be
most similar. The contrast /p - 2:/, rated as somewhat similar, actually in-
volves a height difference, but the vowels also have two features in com-
mon: backness and rounding. The /A - b/ contrast was also rated as some-
what similar, yet it does not involve much of a height difference, just a
relatively small difference in backness and rounding. Vowel contrasts con-
sidered to be dissimilar included the following height differences: /i: - 1/,
/o-ai/, /e - A/, /v -3/, /e-1/and /e - &/.

The discrimination of Dutch vowels in study two revealed ceiling re-
sults, but actually all the stimuli differed in vowel height, and also either in
lip rounding or backness. Perhaps this is the reason for ceiling results — two
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differentiating features, in addition to the bilingual factor which might have
also enhanced discrimination. In the Dutch vowel assimilation task, the
more distant a given Dutch front rounded vowel was from Polish /i/, the
lower the goodness ratings it received. The remaining experiments in study
two and study three were designed primarily to test the effects of experi-
ence with lip rounding in various contexts. Interpreting their results is un-
doable without a three-way comparison of formant values for vowels in all
the languages discussed.

Concluding, it seems that vowel height is a very salient feature. The
differences in height between English and Polish vowels caused lower
goodness ratings. In the English vowel identification task, vowels of vari-
ous heights were not confused with one another. Vowel height differences
were linked with higher discrimination rates and dissimilarity ratings.

6.1.3. Tongue advancement

Since backness distinctions are never more numerous than height distinc-
tions (Crothers 1978), we might expect that the backness feature is less
robust than height. In the task where the subjects assimilated English vow-
els to Polish categories, differences between the backness of English and
Polish vowels were not too frequent, and they were also accompanied by
differences in other features. For example, the English /3:/ is a mid-central
vowel, whereas the Polish /e/ is front central, the English /a:/ is much more
retracted than the Polish /a/, and the English /u:/ is a high central vowel
with diphthongization and less lip rounding than the Polish /u/, but there is
also a difference in duration — probably the differences in both cues, back-
ness and length, contribute to the rather low goodness ratings. At this point,
there is no explanation as to why the English /3:/ scores so much lower than
/a:/ and /uy/.

In the English vowel identification task, mainly assimilation types and
duration mediated the answers, but within Single Category assimilations
we can observe cases of misidentifications in which backness differences
were overridden, which did not happen in the case of duration or height.

Within the English vowel discrimination results, we can clearly see that
contrasts with height differences were the best discriminated, contrasts with
backness distinctions were the most poorly discriminated, and differences
in duration did not matter. Also, in the (dis-)similarity rating task, contrasts
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with backness distinctions were deemed more similar than contrasts with
height distinctions. The universal tendency of vowel systems to have more
tongue height than backness distinctions is confirmed here: the tongue
height differences were more discernible than tongue advancement differ-
ences, and vowels involving tongue advancement differences were per-
ceived as more similar than those which differ in tongue height.

6.1.4. Lip rounding

Rounding is a feature which occurs in Polish in an unmarked combination
only — in back rounded vowels /u/ and /o/. The English /ui/ is generally a
high central vowel with fronted allophones after /j/ and retracted allophones
before the velarized [t]. Neither in Polish nor in English is rounding a con-
trastive feature. French has three front rounded vowels /y, @/ and /ce/,
whereas Dutch has four: /y, v, @/ and /ce/. In French and Dutch, front un-
rounded vowels contrast with front rounded vowels. The front rounded
vowels are typologically rare and they are considered to be marked. The
Turkish high back unrounded /w/ is even more marked. Testing the percep-
tion of the above-mentioned English vowels by learners of English, and
Dutch and Turkish vowels by Polish learners of English, Dutch and French
allowed for observations related to rounding and markedness.

In study two, in which assimilation of Dutch vowels to Polish categories
was tested, the results showed that Polish learners of French and Dutch
were more likely to assimilate Dutch front rounded vowels to the Polish
front /#/ rather than to the back /u/ (the lower and the more central a given
Dutch vowel was, the more likely it was to be interpreted as /u/). Such
results were taken to suggest that either experience with front rounded vow-
els in their L3 allowed them to notice that these vowels were front rather
than back, or they simply learnt to isolate the feature [+ rounded] from
backness and they were able to manipulate it. In study three, where the
subjects were asked to assimilate the Turkish high back unrounded /w/ to
Polish categories, it seemed that neither group was able to disentangle the
lack of rounding from front vowels, which refuted the strong hypothesis
regarding selective attention to features in more marked, unknown combi-
nations. One of the more interesting findings here was that actually the
learners of English were the only ones to perceive the Turkish /w/ as a high
back vowel, which was ascribed to the broad /u/ category which they might
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have formed to cover the Polish high back rounded /u/ and the English high
central slightly rounded /u:/, together with its fronted and retracted allo-
phones, and the English mid-high central slightly rounded /u/.

In the English vowel assimilation and identification tasks in study two,
rounded vowels were not assimilated to or categorized as unrounded vowels
and vice versa. Unfortunately, it is not possible to say how much slight lip
rounding in the English /u:/ and /u/ contributed to lower goodness ratings in
the assimilation task, because in both cases there are co-existing features
which were different: centralization of both vowels, duration of the /u:/ and
lowering of the /u/. Certainly, discriminating between the two central rounded
vowels was difficult for the subjects, which is in line with assimilation of these
phones as a Single Category. The subjects noticed dissimilarity between /u -
3/ and /p - av/, but they considered /A - o/ to be rather similar, so maybe it is
the difference in duration and rounding that results in lower goodness ratings
(duration differences on their own did not promote dissimilarity).

Polish listeners, who are not familiar with contrastive lip rounding from
their L1, showed that they were able to perceive rounding in front rounded
vowels if their L3 has front rounded vowels, and that they were able to
adjust the Polish /u/ category to encompass the English high central and
slightly rounded /u:/ as well as the mid-high central slightly rounded /u/.
Assimilating the marked Turkish high back unrounded vowel was more
complex than initially assumed.

6.1.5. Hierarchy of features

The proposed hierarchy of readily perceivable features by Polish listeners,
learners of L2 English, L3 French or L3 Dutch, places vowel height at the
top as the most robust cue, as vowel height is not prone to being misper-
ceived and height differences are easily noticeable. Lip rounding comes
second as it determines whether vowels are perceived as front or back, dis-
entangling the two is difficult, and rounded vowels are not mistaken for the
unrounded ones when the unmarked combinations are tested (as in study
one). Duration is not as reliable a cue as rounding: it does not influence
discrimination or (dis-)similarity ratings. Prolonged duration, nevertheless,
together with spectral differences, yielded lower goodness ratings.
Free/long vowels were generally better identified than short/checked vow-
els, except for the special case of /3:/ and Single Category assimilations of
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low vowels. In the identification task, free/long vowels were misidentified
as other long vowels, whereas checked/short vowels were misidentified as
other short ones. Vowel backness is the least robust of the cues analyzed
here: it was often misinterpreted in the Dutch and Turkish vowel perception
tasks; in the English vowel discrimination task, contrasts differing in back-
ness were the worst discriminated ones; and in the (dis-)similarity rating
task, contrasts considered to be the most similar were the ones differing in
backness. In fact, the three cases of Single Category assimilation types in
the English vowel assimilation task involved vowels primarily differing in
backness. Hence, the proposed hierarchy of perceivable features is as fol-
lows: vowel backness < duration < lip rounding < vowel height.

6.2. Conclusions regarding the theories of speech perception

The phonological models of second language speech perception, the Speech
Learning Model (Flege 1995), the Perceptual Assimilation Model (Best
1995, Best and Tyler 2007), the Native Language Magnet Model (Kuhl 1994,
2000a; Kuhl et al. 2008) and the Second Language Linguistic Perception
Model (Escudero and Boersma 2004, Escudero 2005 and 2009) have been
backed by numerous studies supporting the primary role of categories in non-
native speech perception. The studies presented here were not meant to refute
the role of categories, but to provide evidence for the role of selective atten-
tion to features. This has been achieved by showing that in second, third and
foreign language perception, distinctions based on features or feature param-
eters known from the L1 or previously acquired languages are easier to per-
ceive (height or lip rounding), while those which are not used contrastively
are more challenging to perceive and their effect surfaces in a restricted num-
ber of contexts (duration). When making predictions for non-native percep-
tion, both universally salient features, such as height, as well as the features
known/unknown to subjects with a specific language combination could be
taken into account to make the predictions more precise.

Language specific L1, L2 and L3 influences could be observed in the
results of studies two and three. The results also indirectly suggested bilin-
gual advantage in discrimination performance. The models of third lan-
guage speech should take into account that experience with the L2 and L3,
in addition to the L1, influences the perception of L3 or foreign sounds.
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6.3. Directions for further research

The studies in this book concentrated on group results. Nevertheless, mon-
itoring individual variation in future studies on selective attention to fea-
tures would be worthwhile in the light of recent interest in how individuals
differ in their perception of speech. The methods for tackling individual
variation in non-native speech perception have been shown, for example,
in Tyler et al. (2014) and Mayr and Escudero (2010). Tyler et al. (2014)
split subjects’ results by assimilation type, rather than by contrast. Mayr
and Escudero (2010) showed that English learners of German follow dif-
ferent paths in the developmental perception of German vowels. Their as-
similations were highly diverse, yet very systematic. Determining whether
the same kinds of regularities apply in L3 and foreign language perception
would allow us to account for at least a portion of the variability in post-L.2
perception. In the case of the present study one, analyzing individual as-
similations would allow for determination of individual developmental
paths for advanced learners in a formal instruction setting. Since the present
results in stage one and two did not differ in many respects, spreading the
time window would be a reasonable idea, too. In studies two and three, the
central question would be how much individual variability there is when
sounds are assimilated as uncategorized. This would allow for the exten-
sion of Faris et al.’s (2016) work on uncategorized phones and the hierarchy
of discrimination predictions.

The ceiling results in discrimination which were obtained in study two
also need further explanation. Was the L3 and foreign vowel perception
enhanced by the presence of two features differentiating each contrast (i.e.
lip rounding and height or lip rounding and duration)? Or is the ease of
perception attributable to the linguistic experience of highly proficient L2
and L3 users? If so, how much experience is needed to reach the level of
bilingual advantage for L3 and foreign language vowel discrimination? As
vowels are generally less categorically perceived and their discrimination
is easier, how much experience would then be needed to reach bilingual
advantage in consonant perceptions?

Since, in fact, only a little progress in perception has been captured in
study one, it would be worth checking whether subjects can develop their
perception more as a result of more instruction and experience. Also, it
seems to pronunciation teachers that students make considerable progress
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in producing English vowel during the first year of their studies. The ques-
tion is why this progress is not paralleled in perception. Do students have
relatively good perception at the beginning of their studies (as the results
showed) and is the only progress they make in faithful production? It is as
if they had the perceptual sensitivity and skills ready at the onset of their
first year at university as a result of previous experience and that pronunci-
ation classes only gave them the articulatory skills to produce the vowels
in a more native-like manner. Production studies among Polish advanced
learners of English and university students of English have been conducted
(Gonet et al. (2010a,b), Lipinska 2017, Porzuczek 2010, Rojczyk (2010a,b,
2011), Schwartz et al. (2016) and Szpyra-Koztowska et al. (2014)). To de-
termine whether this level of perception is enough to benefit from articula-
tory instruction and that is why perception does not significantly progress,
or whether in the case of intensive articulatory training in a formal setting,
production can, at least for some phones, precede perception, we would
need parallel perception and production longitudinal studies.

Special attention should be paid to understanding the role of duration in
non-native speech. Previous research has provided evidence for Bohn’s
(1995) desensitization hypothesis (for example, Bohn 1995, Flege et al.
1997 and Cebrian 2006), the feature hypothesis (McAllister et al. 2002) and
actually for rejecting both of them (Lengeris 2009). The results of study
two show complex and generally little reliance on duration: no influence
on discrimination or (dis-)similarity ratings, lower goodness ratings for
long/free vowels (but then spectral differences accompanied duration dif-
ferences), as well as the influence of duration on English vowel identifica-
tion. Some effects of paying closer attention to the duration of the vowel
stimuli by learners of English and Dutch, but not by learners of French,
were evident in study three. These results indirectly support the feature hy-
pothesis (McAllister et al. 2002), as native Polish listeners did not pay at-
tention to duration unless encouraged by a task or sensitized to duration in
the L2 English or L3 Dutch, as shown in the Dutch vowel assimilations to
vowel plus glide sequences in study three. The length feature is not used
contrastively in Polish, so Polish listeners find it difficult in non-native
vowel perception. Lengeris (2009) concludes his study by claiming that .2
vowel perception relies on an interplay between spectral and temporal cues,
but temporal cues do not have a special status. The current study shows that
duration has an important role in some tasks, that sensitivity to duration can
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be boosted by the L2 and L3 and surface in the L3 or foreign vowel per-
ception, and that listeners pay more attention to duration than to tongue
advancement cues. The non-obvious role of duration should be further
studied to find the contexts in which it starts to play a role, and to determine
under what circumstances the attention to duration is transferred from the
L2 to the L3 or foreign language vowel perception.

Also, in order to encompass the development of speech perception by
learners in a formal instruction setting, we would need to compare it with
the development of perception in a naturalistic immersion setting for learn-
ers matched for age and language proficiency.

Defining a feature seems to be less problematic than defining a cate-
gory. In the three studies presented in this book, sensitivity to features was
continuous and varied from task to task (i.e. duration differences did not
play a role in discrimination and (dis-)similarity ratings in study one, but
they mediated identifications and misidentifications in study two). Features
do not seem to be functioning as magnets, which subsume all the similar
elements, whereas categories do act like magnets. Studies employing ma-
nipulated synthetic stimuli would be needed to investigate the role of each
feature and determine whether or when a given feature assumes a categor-
ical function. Studies of neural processing during non-native speech per-
ception could verify current assumptions on category formation. Functional
neuroimaging techniques can help us determine the details of the mecha-
nism of representation and supplement the results of behavioral studies
(Abutalebi and Green 2007; Bialystok, Craik, Grady, Chau, Ishii and Gunji
2005).

Another puzzling issue is the perception of front rounded vowels by
speakers of languages which lack them and the perception of back un-
rounded vowels by speakers of languages which have or do not have front
rounded vowels.

The studies could be also be replicated with accompanying visual inputs
either matching or not matching the lip rounding in the auditory stimulus.
According to the McGurk effect (McGurk and MacDonald 1976), the vis-
ual input overrides the auditory input. If subjects saw on the display a per-
son producing a vowel without lip rounding and heard a high front rounded
vowel, would they be more likely to choose a high front unrounded vowel
and would they match the height of the chosen stimulus?
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6.4. Implications for teaching pronunciation

The presented studies were meant to allow for more precision in explaining
and predicting vowel assimilations in non-native languages. The existing
models, enriched by the considerations related to phonetic features and
their combinations, allow for a more precise explanation of non-native
speech perception. The interpretation of the results obtained in the three
studies in this book can inform foreign language learning and teaching spe-
cialists by drawing their attention to English contrasts which are perceived
in a non-native like manner, which can in turn lead to misunderstandings
in communication. Also, teaching the pronunciation of languages with front
rounded vowels can make use of the present results.

Pronunciation teachers can assume that all vowel contrasts which have
height differences should be relatively easy for learners to perceive. Dura-
tion does not have as privileged a status as Bohn’s (1995) hypothesis seems
to suggest, and learning to perceive duration differences in the L2 for learn-
ers with an L1 which does not use duration contrastively is a complex pro-
cess, which takes place in stages. Any feature combinations which are more
marked than in the L1 or other known languages are relatively challenging.

For Polish advanced learners of English, the perception of /i:-1/ does not
seem to be as big a problem, as their production could suggest. They dis-
criminate excellently between the two sounds. Categorization and identifi-
cation of /1/ is only problematic in the velar context, which stems from pho-
notactic restrictions in Polish. Production problems in the case of this con-
trast are not related to perception in the environments not influenced by
native phonotactics. The major cause of pronunciation problems probably
lies in misleading orthography.

Clearly, English low vowels are challenging for Polish learners, whose
L1 has one low vowel only. All the three English /&, A/ and /a:/ vowels are
assimilated to Polish /a/, they are poorly discriminated from one another,
judged to be similar and often confused. They differ in tongue advance-
ment, which is the most difficult feature to perceive. Their perception has
nevertheless improved throughout the year: goodness ratings became sig-
nificantly lower, and /a: - A/ and /A - o/ were judged to be less similar in
stage two in comparison to stage one. These findings suggest that progress
is possible even in the case of Single Category assimilations differentiated
by tongue advancement. Nevertheless, the results of study one also clearly
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show that the English low vowels were perceived with difficulty even after
two semesters of pronunciation training, so they need more attention.

The high central slightly rounded /u:/ and mid-high central slightly
rounded /u/ were also assimilated as Single Category, they were much bet-
ter identified than the low vowels (the problems were related to the allo-
phonic variation — English central vowels are fronted before alveolars),
they were poorly discriminated and judged to be similar, but in the last two
tests significant improvement in perception was observed. We can specu-
late that the high identification scores, especially in comparison with the
low vowels, stem from the fact that there are only two English vowels as-
similated to the Polish /u/ and that the difference between them lies both in
height and duration. Similarly, as in the case of low vowels — more attention
should be paid to the /u: - v/ contrast.

The research in this book has not focused on teaching pronunciation,
but in addition to traditional articulatory practice, raising metacompetence
and awareness (Venkatagiri and Levis 2007, Kennedy and Trofimovich
2010, Wrembel 2005 and 2011), bimodal or enhanced bimodal training has
recently been recommended specifically for perception practice (Escudero
and Williams 2014). Distributional learning is learning based on a statisti-
cal learning mechanism, in which the relative frequency of exposure to to-
kens from the ends of a two category vowel continuum, or even their exag-
gerated values, improves discrimination of the two non-native contrasts.
This method seems to be a reasonable choice for enhancing sensitivity to
English low vowels and high and high-mid central vowels. Escudero,
Benders and Lipsky (2009) also show how learner profiling helps deter-
mine the cue weighting typical for a given learner and how diagnosing stu-
dents as sequential or interactive learners can help adjust the level of mean-
ing-driven learning (van Leussen and Escudero 2015). These methods seem
to be potentially very useful for advanced Polish learners of English. The
only prerequisite for using them would be designing appropriate software
or mobile applications.

The experiments in studies two and three showed that perceiving
marked combinations of features is generally difficult, and it seems that by
default Polish listeners associate rounding with backness. In pronunciation
training in languages with front rounded vowels, this association needs to
be reinterpreted so that front vowel contrasts can be formed on the basis of
lip rounding.
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6.5. Final remarks

At least some aspects of non-native vowel perception have been widely
researched, while some, such as third language vowel perception or foreign
language vowel perception, are still scarcely explored. This contribution
has aimed at examining the idea that in addition to categories acting as
magnets, it is selective attention to features that contributes to the process
of non-native speech perception. In order to draw conclusions on the extent
of selective attention to features, we tried to isolate its effects on vowel
perception. This was not a straightforward task, if we take into account that
all the vowels in the tested languages have their own sets or bundles of
characteristics and separation of the effects of one feature from the other is
not always viable. The role of selective attention to features has, not sur-
prisingly, turned out to be of secondary importance, but we have observed
its traces in the results of all the three studies. The features interacting with
categorical perception were both universal (e.g. height) and experience-
based. Since advanced learners were tested, we have also seen that learning
to employ some of the features (height) is easier than others (backness dis-
tinctions). We have seen that perception development is a very gradual pro-
cess. Language-specific bilingual sensitivity to features constitutes the ma-
jor argument for selective attention to features in non-native vowel percep-
tion. If categories act like magnets, then features act in much more subtle
yet fairly systematic ways.
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Percepcja samoglosek w jezyku nienatywnym:
oddzialywanie kategorii i cech

STRESZCZENIE

Podczas nauki drugiego jezyka percepcja jego dzwigkdw sprawia wiele
trudnosci: oprocz rutynowego odfiltrowywania czynnikow $rodowisko-
wych, kategorie dzwigkdw pierwszego jezyka filtrujg dzwigki drugiego je¢-
zyka (Trubieckoj 1939/69). Dzwieki drugiego jezyka, nawet jezeli jest ich
wiecej albo sg inne, styszane sg jako dzwieki pierwszego jezyka albo waga
niektorych cech danego dzwicku w drugim jezyku jest przeceniana lub nie-
doceniana. Zalozono, ze akustyczne detale danego dzwigku sg jego ce-
chami fonetycznymi, ktére moga mie¢ znaczenie fonologiczne, jezeli sg
uzywane do rozrozniania kategorii fonologicznych (por. Best 1995). Do-
tychczas uwazano, ze percepcja mowy w drugim jezyku to asymilacja tych
dzwigkow drugiego jezyka, ktore sg podobne do dzwigkow pierwszego je¢-
zyka lub tworzenie nowej kategorii dla dzwigkdw zasadniczo réznigcych
sie od kategorii jezyka pierwszego (Flege 1995, Best 1995, Best and Tyler
2007). Pajak 1 Levy (2014) sugeruja, ze znaczng role, obok kategorii,
w percepcji drugiego jezyka odgrywaja znane z pierwszego jezyka cechy
dzwiekow, ktorych mozemy uzy¢ nawet w innych kontekstach.

Cele monografii byty nastgpujace: (1) zbadanie wspotdziatania katego-
rii i kombinacji cech w percepcji dzwigkdw nienatywnego jezyka, (2) zba-
danie roli czynnikéw wptywajacych na percepcje mowy w nienatywnym
jezyku 1 zaproponowanie hierarchii tych cech, (3) wieloaspektowe zbada-
nie percepcji angielskich samogtosek przez Polakow uczacych si¢ jezyka
angielskiego, (4) zbadanie jak zwigzana z akwizycja nienatywnego jezyka
reorganizacja percepcji wptywa na percepcj¢ dzwigkow jezyka obcego
(percepcja dzwigkow jezyka niderlandzkiego, z bardzo bogatym systemem
samogtoskowym 1 dzwiekow jezyka tureckiego z silnie naznaczong kom-
binacja cech (samogtoska tylna niezaokraglona), przez Polakow uczacych
si¢ jednego z nastgpujacych jezykdéw: angielskiego, niderlandzkiego 1 fran-
cuskiego, ktore r6znig si¢ cechami uzywanymi kontrastywnie). Przyjeta hi-
poteza byla nastgpujaca: efekty filtrowania dzwigkow drugiego jezyka
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przez kategorie pierwszego sa modyfikowane przez cechy — jedna znana
cecha zwigksza prawdopodobienstwo odpowiedniej percepcji dzwieku
drugiego jezyka, a kombinacja znanych cech zwigksza prawdopodobien-
stwo odpowiedniej percepcji. W percepcji mowy, ktora ulega przeksztatce-
niom w wyniku uczenia si¢ drugiego jezyka istnieje tez hierarchia cech.
Cechy zwigzane z pozycja j¢zyka w jamie ustnej, na ktorych opiera si¢ asy-
milacja do kategorii pierwszego j¢zyka, zajmuja w tej hierarchii najwyzsze
pozycje.

Percepcja samogtosek nienatywnych jezykow zostala zbadana podczas
eksperymentow wykorzystujagcych naturalne nagrania ludzkiego glosu
w jezykach angielskim, niderlandzkim i tureckim. Rodzaje badan obejmo-
waty: kategorialne rozroznianie dzwickow AXB, asymilacje dzwickow
nienatywnego jezyka do polskich kategorii samogloskowych z pomiarem
stopnia asymilacji, identyfikacje¢ dzwigkéw nienatywnego jezyka oraz po-
réwnanie podobienstwa miedzy samogloskami w parach. Wybor tych te-
stow pozwolit unikng¢ dylematoéw z wyborem zapisu sugerowanych odpo-
wiedzi oraz poréwna¢ wynikow réznych grup i wytoni¢ cechy, ktoére
oprécz kategorii warunkuja percepcje. Badanymi byli Polacy uczacy si¢ na
poziomie zaawansowanym: (1) jezyka angielskiego w badaniu wzdtuznym
percepcji angielskich samoglosek, (2) jezyka angielskiego, niderlandz-
kiego lub francuskiego w badaniach percepcji niderlandzkich i tureckich
samogtlosek.

Przeanalizowano nie tylko rol¢ cech fonetycznych, ale tez ich kombi-
nacji, jako czynnikéw pomocniczych, obok kategorii, w decyzjach percep-
cyjnych. Badania potwierdzity gtéwna role kategorii, ktore dziataja na za-
sadzie magnesu, ale udowodnily réwniez rol¢ 1 hierarchi¢ pojedynczych
cech w percepcji mowy w jezyku nienatywnym: polozenie jezyka wzgle-
dem osi poziomej ma stosunkowo mate znaczenie, wigkszy wpltyw maja
iloczas 1 zaokraglenie ust oraz cecha majaca najwigkszy wplyw na percep-
cje, czyli wysokos¢ samogtoski. W percepcji dzwiekow obcego jezyka daje
si¢ zauwazy¢ wptyw kombinacji cech wystepujacych w znanych osobom
badanym jezykach albo wplyw kombinacji cech roéznigcych testowane
dzwigki od dzwigkow znanych jezykow. Wyniki pokazaty, ze percepcja
nienatywnych samoglosek jest procesem bardzo ztozonym, czgsciowo za-
leznym od typu zadania, z wieloma stopniowymi efektami i wynikami uza-
leznionymi od niewielkich akustycznych réznic pomigdzy dzwigkami.
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