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The relationship between phonotactic
awareness and pronunciation in adult
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ABSTRACT: This study examined to what extent I.1 Brazilian Portuguese
(BP) EFL learners are aware of 1.2 phonotactics and whether there would be a
relationship between L.2 phonotactic awareness and 1.2 pronunciation accuracy.
The language learners were tested regarding their awareness of L2 onset
consonant clusters with a lexical decision task presenting nonword stimuli with
legal and illegal onset clusters. 1.2 pronunciation was measured with a Foreign
Accent Rating Task. The results showed that .1 BP participants showed a high
awareness concerning I.2 phonotactics, not differing from I.1 English speakers,
#86)=.20, p =.83. Furthermore, high phonotactic awareness was found to be
related to higher accuracy in L2 pronunciation (= -.46, p <.001). The results
suggest that phonotactics should be taught in foreign language classrooms
since increasing learners’ awareness might be beneficial for the accuracy of
their .2 pronunciation.

KEYWORDS: phonological awareness; phonotactic awareness;
L2 pronunciation; consonant clusters.

RESUMO: Este artigo examinou o grau de consciéncia fonotatica em LE
de aprendizes brasileiros de inglés e se a consciéncia fonotatica em LE estaria
positivamente relacionada a pronuncia em LE. Para medir a consciéncia sobre
os clusters inicias da LE, os participantes completaram uma tarefa de decisdao
lexical que apresentava pseudopalavras com clusters possiveis e impossiveis. A
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pronincia em LE foi medida através de um Teste de Julgamento de Nivel de
Sotaque Estrangeiro. Os resultados mostraram que os aprendizes apresentaram
uma sensibilidade alta a fonotatica da LE, nao diferindo significativamente dos
falantes nativos de inglés, #(86)=.20, p =.83. Além do mais, niveis mais altos
de consciéncia fonotatica surgiram relacionados a uma maior acuidade de
pronincia (= -.46, p<.001). Os resultados revelam a importincia do ensino de
fonotatica na sala de aula estrangeira, uma vez que o aumento dessa consciéncia
nos alunos poderia vir a ser benéfico para a pronuncia em LE.

PALAVRAS-CHAVE: consciéncia fonoldgica; consciéncia fonotatica;
pronuncia em LE; consoantes.

Introduction

Sensitivity to first language (L1) phonotactics is developed at an early
age. Contrary to explicit awareness about phonology, implicit phonological
awareness does not require instruction and develops naturally through
language contact. Already at nine months, infants are sensitive to phonotactic
violations in their .1 (JUSCZYK ez al., 1993; MATTYS; JUSCZYK, 2001).
The implicit learning mechanisms present in .1 phonotactic acquisition
are no longer available in adult second language (L2) learning. Adult L.2
learners’ brains have already been committed to the neural and sensorimotor
configurations of the L1 in such a way that an accurate perception and
production of the L2 requires the overriding of pre-existing L1 neural
connections (ELLIS, 2002), as well as the reconfiguration of the articulatory
movements, which, since early infancy, have been wired for the pronunciation
of L1 (HONIKMAN, 1964). As a consequence, adult .2 learners frequently
perceive and produce L2 speech differently than native speakers.

In relation to L1 Brazilian Portuguese EFL learners’ phonotactic
acquisition, the production (CARDOSO; LIAKIN, 2009; CORNELIAN
JUNIOR, 2003; RAUBER, 2006) and perception (CARDOSO, JOHN;
FRENCH, 2009; SILVEIRA, 2002) of 1.2 consonant clusters that do not exist
in L1 has proven to be challenging for .1 Brazilian Portuguese learners of
English. Non-target-like perception and production of L2 consonant clusters
is likely to lead to communication breakdowns, which is why more attention
should be paid to their acquisition in the foreign language classroom. However,
only a few studies have focused on the acquisition of English phonotactics
by L1 Brazilian Portuguese EFL learners, most studies having centered on
investigating the acquisition of English segments (e.g.,, ALVES; ZIMMER,
2015; CRISTOFARO SILVA; CAMARGOS, 2016; KLUGE, 2012).
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Phonotactic awareness refers to the language users’ knowledge, in its
majority non-verbalizable, about the target language phonological system
in the phonotactic domain (KIVISTO-DE SOUZA, 2015). Whereas only
a handful of studies exist concerning language learners’ awareness of 1.2
phonotactics (ALTENBERG, 2005; MIKHAYLOVA, 2009; TRAPMAN;
KAGER, 2009; WEBER; CUTLER, 20006), research in the area is in its
infancy, and to the best of my knowledge, no prior study has investigated I.1
Brazilian Portuguese learners of English. Moreover, previous research has
centered on describing the quality and quantity of L2 learners’ phonotactic
awareness without relating it to participants’ 1.2 pronunciation.

Therefore, the present study aimed to remedy these gaps by
investigating the degree of phonotactic awareness, more specifically,
awareness about L.2 onset consonant clusters, in 1.1 Brazilian Portuguese
learners of English. The study also sought to examine the relationship
between L2 phonotactic awareness and L2 pronunciation accuracy in order
to determine whether the two would be positively related, a finding which
would raise interesting pedagogical implications. This paper begins with a
review of previous research on L2 phonotactic awareness and presents the
onset consonant cluster inventories of the languages in question (American
English and Brazilian Portuguese). Next, the study’s methodology and
results are explained. Finally, the results are examined in the light of previous
research, and the pedagogical implications of the findings are discussed.

1. Literature review

1.1 Phonotactic awareness

Numerous studies exist regarding children’s .1 phonological
awareness in the process of literacy acquisition. However, awareness about
the phonotactic domain in specific has been rarely examined either in the
L1 or in the L2. Phonotactic awareness in the .2 can be defined as 1.2
phonological knowledge at the phonotactic domain, including knowledge
about the L2 syllable structure, the permissible and impermissible sound
combinations, as well as knowledge about their distribution (KIVISTO-DE
SOUZA, 2015, p. 104).

Phonotactics are learned through initial conscious noticing from
the frequency distributions present in the input the language learners are
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exposed to. Phonotactic learning is thus usage-based (ELLIS, 2002; 2005).
To acquire a given phonotactic feature, the learner has to consciously notice
it SCHMIDT, 1995). Following the instance-based approach (e.g., ELLIS,
2002; 2005), learning is exemplar based and begins with the recognition of
a prototypical exemplar with high functionality. We propose, following the
weak interface position between explicit and implicit knowledge, that once
the initial recognition has taken place, the explicitly noticed phonotactic
feature will go through unconscious cognitive processing, and through
priming and gradual strengthening it will become automatized so that it
can be applied quickly and effortlessly in speech. In other words, it has
become proceduralized knowledge; thus, it can be no longer be verbalized
or accessed consciously.

Since phonotactic awareness is mostly based on proceduralized
knowledge, accessing it through explicit tasks, such as verbalization of
phonotactic rules or the manipulation of phonotactic segments, does not
provide a comprehensive picture of an individual’s phonotactic awareness.
This is because most of the language users have not undergone phonetic
training, neither in their L1 nor in their L2, and have not developed
declarative representations of the underlying phonotactic knowledge. By
contrast, all language users possess varying degrees of non-verbalizable,
proceduralized phonotactic knowledge, as evidenced by the accurate
perception and production of the target language syllabic structures and
the sensitivity to phonotactic violations.

From the aforementioned reasons, most of the studies examining
L1 and L2 users’ phonotactic awareness have employed implicit testing
methods. Native speakers have proven to be sensitive to phonotactic
violations involving impossible onset consonant clusters (PRAAMSTRA;
MEYER; LEVEL, 1994; TRAPMAN; KAGER, 2009). Native speakers
are aware of phonotactic constraints at syllable boundaries and they are
able to employ this knowledge in the segmentation of continuous speech
(MCQUEEN, 1998; WEBER; CUTLER, 2006). Language users are also
sensitive to the frequency distributions of lexical stress assignment in their
L1 (VITEVITCH; LUCE; CHARLES-LUCE; KEMMERER, 1997), as
well as to the phonotactic probabilities and frequencies in the L1 input
(KOVACS; RACSMANY, 2008; LUCE; PISONI, 1998; VITEVITCH;
LUCE, 1998). It also appears that phonotactic awareness is gradient rather
than categorical in native speakers (TRAPMAN; KAGER, 2009).
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Whereas .1 speakers often possess a rather solid awareness of their
native phonotactics, less is known about language users’ awareness of
L2 phonotactics. Some studies suggest that non-native speakers possess
phonotactic knowledge that is similar to L1 speakers and are able to apply
it in a near-native-like manner (ALTENBERG, 2005; MIKHAYLOVA,
2009; TRAPMAN; KAGER, 2009). However, other studies suggest that
L2 phonotactic awareness is affected by the transfer of I.1 phonotactics
and that L2 learners possess smaller amounts of phonotactic awareness
than do native speakers (WEBER; CUTLER, 2006). Moreover, phonotactic
awareness appears to be affected by language experience and use so that
advanced language users perform in a more target-like manner than
beginners (TRAPMAN; KAGER, 2009).

Opverall, the results from previous studies suggest that although the
L2 users might appear to possess phonotactic awareness that is similar
to L1 speakers, this awareness is not applied as fast and as accurately in
real-time tasks (HOLMES, 1996; MIKHAYLOVA, 2009; TRAPMAN;
KAGER, 2009). Moreover, awareness about L2 phonotactics often fails to
be successfully transformed into an accurate perception (ALTENBERG,
2005; DUPOUX et al., 2011; KABAK; IDSARDI, 2007) and production
(ABRAHAMSSON, 2003; BOUDAOUD; CARDOSO, 2009; HANSEN,
2001; RAUBER, 20006) of L2 phonotactic features.

1.2 Onset consonant clusters in General American English and
Brazilian Portuguese

Onset consonant clusters were chosen as the target structure to
measure phonotactic awareness as the two languages in question differ
greatly in terms of their consonant cluster inventories. In this section, the
constraints posed by General American English and Brazilian Portuguese
for consonant clusters in onset position are discussed. The section finishes
with a revision of previous research on the acquisition of English consonant
clusters by L1 Brazilian Portuguese EFL learners.

In General American English, up to three consonants (C) can occur
in the syllable onset. In the case of a single consonant, any of the English
consonants, except /1)/, can occupy the syllable onset position. In the
case of double clusters, two combinations are possible: either /s/ + C, ot
obstruent + approximant. In the case of three-member clusters, the first
consonant is obligatorily /s/, the second is a voiceless stop and the third is
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either a glide (/j, w/) or an approximant (/1, 1/). General American English
onset consonant clusters are seen in the following Table 1:

TABLE 1
Onset consonant clusters of General American English
Adapted from Kivistd-de Souza (2015, p. 139) and summarized from
Cruttenden (2008, p. 254-259) and Yavas (2011, p. 139-140)

Number
Onset clusters Example
of Cs
C'=/s/ speak [Spik/, steak [stek/, sweep /sWipl, smell /smel/,
C’= /p,t,k, 1, w, m, n/ snake /snek/
C'=/p,b,t,d, k, g, f, 0/
C= /L.t w/ prey Iprel, quick (kwik/, threat [Oret/
3 */pw, bw, tl, fw, dl, el/
Cl=/f/ shriek [{1ik/
C*=/1/
C'=/m,b,p,v, f, k, h/ view INju,/ few /fju/, cue /kju/
2= /j/
C'=/s/
_ split Isplit/, stream /strim/, skew /skju/
8 C?=/p,t, k/
© C =/ w

* [spw, stl, stw, stj/

Brazilian Portuguese poses heavier restrictions on consonant
clusters than General American English. In onset position, only one or
two consonants are allowed. In the case of single consonant onset, any
consonant, with the exception of /p/, /K/ which are limited to loanwords,
and ‘the weak t’ can occut. In two-member clusters, the first member is a
plosive or /f/, /v/ occurring only in loanwords. The second member of
the cluster is obligatorily either /1/ or the ‘weak t’. Contrary to General
American English, Brazilian Portuguese does not allow for three-member
onset clusters and the restrictions posed on the two consonants that can
form onset clusters are stricter in Brazilian Portuguese than in General
American English as can be seen in the following Table 2:
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TABLE 2
Onset consonant clusters of Brazilian Portuguese
Adapted from Kivisto-de Souza (2015, p. 141) and summarized
from Cristéfaro Silva (2002, p. 156) and Azevedo (2004, p. 50)

Nol}rrg)Se " Onset Clusters Example
Cl: 2 t’ k) bﬂ
d g/pf/ ) pluma ‘feather’ /'plu.me/, prato ‘plate’ /'pra.tu/,
O T bloco ‘block’ /'blo.ku/, brago ‘arm’ /'bra.su/,
@)

C2= /1, ¢/ drama ‘drama’ /'dra.me/

* A/, /dl/

The acquisition of English onset consonant clusters by L1 Brazilian
Portuguese speakers has shown that their perception and production is often
challenging. Perception studies have indicated that I.1 Brazilian Portuguese
EFL learners frequently perceive an illusory prothetic vowel, [i], in English
consonant clusters that are not allowed in the L1 (CARDOSO ez a/., 2009;
SILVEIRA, 2002). The perception of illusory phones in sound combinations
that would be illegal in the L1 has proven to be a frequently extended practice
among language users in order to shape the input into the phonotactic
patterns of L1 (e.g,, DUPOUX ez 4l, 1999; DUPOUX ez al., 2011).

Production studies with L1 Brazilian Portuguese EFL learners suggest
that, when faced with English consonant clusters that are impossible in
L1, the preferred strategy is likewise the insertion of a prothetic vowel, [i].
This is done to break the cluster, so that the resulting sequence no longer
violates I.1 phonotactic constrains. For example, sz#dy would be pronounced
as [is.ta.di] (CARDOSO; LIAKIN, 2009; CORNELIAN JUNIOR, 2003;
RAUBER, 2006; REBELLO; BAPTISTA, 2000).

The accurate perception and production of 1.2 onset clusters by 1.1
Brazilian Portuguese EFL learners thus requires that the .2 learners became
aware of the differences between L1 and L2 phonotactic constraints, and
more importantly, zotice that the 1.2 allows for a larger number of onset
clusters. Simply noticing the differences between L1 and L2 phonotactics is
nevertheless not enough: the learner must also automatize the interlanguage
phonotactic representations in order to be able to apply them in real-time
speech perception and production (ELLIS, 2002).
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2. Research questions

The present study had two objectives. On the one hand, our aim was

to investigate whether I.1 Brazilian Portuguese learners of English are aware
of the phonotactic constraints of .2, most specifically those involving onset

consonant clusters. On the other hand, we sought to determine whether
awareness about .2 phonotactics is related to I.2 pronunciation accuracy.
The following research questions (RQs) and hypotheses (Hs) were formed:

192

RQ 1: Are L1 Brazilian Portuguese learners of English aware
of English phonotactic constraints involving onset consonant
clusters?

H1: It was hypothesized that advanced language learners would
possess some degree of awareness about L2 phonotactics.
Nevertheless, due to their developing .2 phonology, L1 Brazilian
Portuguese EFL learners were expected to be less aware of
English phonotactics than native English speakers.

RQ 2: To what extent is L2 phonotactic awareness related to L2
pronunciation accuracy?

H2: L2 phonotactic awareness and L2 pronunciation were
expected to be somewhat related based on previous research
in adjacent fields. Former studies indicate that language
awareness and general language proficiency are positively related
(BERGSLEITHNER; BORGES MOTA, 2013; CALDERON,
2013), as are verbalizable L2 phonological awareness and
L2 pronunciation (KENNEDY; TROFIMOVICH, 2010).
Furthermore, non-verbalizable L2 phonological awareness
and the accurate production of target L2 segments has been
found to correlate positively (MORA; ROCHDI; KIVISTO-
DE SOUZA, 2014; BAKER; TROFIMOVICH, 2006). Finally,
the employment of activities designed to raise awareness about
L2 phonology has been found to be beneficial for the accuracy
of L2 production (ALVES; MAGRO, 2011; COUPER, 2011;
RAMIREZ VERDUGO, 2006; SAITO, 2013; WREMBEL,
2005). Based on this body of research, we expected to find a
positive relationship between L2 phonotactic awareness and L2
pronunciation.

RBLA, Belo Horizonte, v. 17, n.1, p. 185-214, 2017.



3. Method

Participants’ awareness about L2 onset consonant clusters was tested
with a lexical decision task, which presented possible and impossible English
nonwords whose reaction times were recorded and taken as a measure of
L2 phonotactic awareness. L2 pronunciation accuracy was measured with
a Poreign Accent Rating task. The present section presents the participants
of the study and the instruments employed.

3.1 Participants

The participants were 71 L1 Brazilian Portuguese learners of English
(mean age = 26.01, §D = 7.63) with upper-intermediate to advanced
proficiency level of English as testified by their .2 vocabulary size (M
=4150.00, D =571.83, max =5,000 — CEFR level C1: MILTON, 2010),
measured with X_lex vocabulary size test (MEARA, 2005). The EFL
learners were studying at the Federal University of Santa Catarina (UFSC)
during the time of the data collection and mostly came from the South of
Brazil (80%), followed by the Southeast (15%). All the participants had
grown up in monolingual Brazilian Portuguese households and had begun
studying English for the first time at school (AOL M = 9.28, D = 2.78).

Altogether, the L1 Brazilian Portuguese participants had a limited
exposure to English outside the university context. On average, they had
been employing English 21.73% of the time (§D = 14.49) in the five years
prior to data collection. Furthermore, only 13 percent of them were in
constant contact with native English speakers. Their mean length of stay in
English-speaking countries was 4.33 months (5§D = 11.42) and 88 percent
of them had never attended a course in English phonetics and phonology.

A group of native American English speakers (#=19) was recruited
among the exchange students attending university-level classes in
Florianopolis with two objectives. First, they provided baseline data for
native performance in a lexical decision task involving consonant clusters,
and second, they judged the L1 Brazilian Portuguese participants’ degree of
foreign accent in the Foreign Accent Rating task. Their mean age was 23.83
years (§D= 6.76), and they all had been exposed to Brazilian Portuguese as
adults for the first time (AOL M=22.88, D= 5.67). Their experience with
Brazilian Portuguese was limited: 89 percent of them had stayed in Brazil
for less than six months, and on average they had studied Portuguese for
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1.16 years (§D= 2.38). Moreover, only 11% of the native English speakers
considered themselves fluent in Portuguese.

3.2 Materials and procedure

3.2.1 Lexical decision task

Participants’ awareness about the phonotactic constraints involving
L2 onset consonant clusters was tested in a lexical decision task. The task
presented English words and nonwords, half of which conformed to
English phonotactics (legal nonwords) and half of which did not (illegal
nonwords). Participants’ reaction time to the stimuli was recorded and taken
as a measure for their phonotactic awareness. Previous research indicates
responses to word stimuli being the fastest, followed by the responses to
illegal nonword stimuli, whereas the reaction times to legal nonword stimuli
have proven to be the slowest (MIKHAYLOVA, 2009; TRAPMAN; KAGER,
2009; STONE; VAN ORDEN, 1993). This is because lexical search for
existing words ends quickly when the target is retrieved from the lexicon,
whereas for legal nonwords, which conform to the phonotactic patterns
of the target language, the lexical search goes on longer and finishes only
when no target has been found. Lexical search for illegal nonwords finishes
abruptly, because a language user with awareness of the target language
phonotactics is able to immediately reject the target as an impossible lexical
entry due to the violations of the phonotactic constraints (TRAPMAN;
KAGER, 2009). Consequently, if the participants of the study were aware
of the English phonotactic constraints involving onset consonant clusters,
we were expecting to see the following response time (RT) effect: RT legal
nonwords > RT illegal nonwords > RT words.

3.2.1.1 Stimuli

Three types of trials were created for the lexical decision task: legal
nonwords, illegal nonwords and words. Additionally, distractor items (words
and nonwords) without consonant clusters were created in order to disguise
the real purpose of the task from the participants. It should be noted that
the participants thought they were performing a simple lexical decision
task, classifying stimuli into words and nonwords, being unaware that the
purpose of the task was to examine their response latencies to the two types
of nonwords.
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The legal nonwords were created by first contrasting the I.1 and
L2 onset consonant clusters. The clusters forming the onsets of the legal
nonwords were selected among those which are permissible in General
American English but impermissible in Brazilian Portuguese. Additional
delimitation was made based on phonotactic probability measures so that
the most frequently occurring two- and three-member onset clusters were
chosen. Consequently, the following clusters were selected: /st, sp, sk, sl,
01, sm, {1, stx, spu, spl, ski/.

Once the legal nonword clusters were chosen, the phonotactic rules
of General American English were purposely violated in order to create
the illegal onset clusters. The non-occurrence of the illegal clusters was
confirmed by entering them into the Phonotactic Probability Calculator
(VITEVITCH; LUCE, 2004) and computing their phonotactic probabilities.
As expected, their phonotactic probability was zero, confirming that they
do not occur in General American English. The illegal clusters were: */sb,
sd, sg, dl, tl, bz, s1, zbl, zb1, zgi, stl/.

After selecting the target clusters, the syllable rimes were created
to form the legal and illegal nonwords. All the stimuli were monosyllabic
and the syllable rimes always consisted of a high frequency vowel and a
consonant so as to maintain the non-target part of the nonword as neutral
as possible. With this aim, the Phonotactic Probability Calculator was
used to compute phoneme positional probabilities for English vowels and
consonants in rime position. The most frequent vowels were /1, &, €, a, i/,
and these were the vowels selected to occupy the nucleus of the nonwords.
The most frequent consonants in coda position were /t, s, n, k, d, p, 1/, and
these were combined together with the vowels to form the rimes.

The word stimuli was created to resemble the legal nonwords as
closely as possible so that lexical decision would be based on lexicality and
not on phonetic properties. The onset consonant clusters for the word
stimuli were the same as for the legal nonwords, namely, /sp, st, sk, sm,
§1, spl, spa, st1, ska/. A preliminary lexical analysis suggested that these
clusters would not yield enough word items, which is why additional high
frequency English clusters were selected: /t1, ba, fl, pl, f1/. These clusters are
permissible in Brazilian Portuguese, contrary to the other clusters used in the
stimuli. Nevertheless, this was not deemed a problem since the phonotactic
permissibility of the word items was not the focus of the study. Additionally,
it was intended that the word stimuli would be known to upper-intermediate
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EFL learners and that the word stimuli would not differ from the legal
nonwords in terms of phonological neighborhood density and phonotactic
probability values. Previous piloting of the task confirmed that intermediate
L1 Brazilian Portuguese EFL learners were familiar with all the word items
included in the data collection instrument.

Finally, a set of distractor nonwords and words was included in the
stimuli in order to improve the reliability of the task. The distractor items
did not have consonant clusters and were comparable in their phonological
neighborhood density and phonotactic probability values to the legal
nonwords and words. The nonword distractors were created by the
researcher, while the word distractors were selected among the word stimuli
used in the study conducted by Vitevitch and Luce (1999).

A female native speaker of American English recorded the stimuli in
a soundproof booth at UFSC. The informant produced each nonword and
word several times in randomized order. The most accurate repetition of
the target items with the best auditory quality and clearest pronunciation
were selected. The selected stimuli were auditorily and visually inspected in
Praat BOERSMA; WEENIK, 2013) for their correctness. More specifically,
the pronunciation of each vowel, coda consonant, and. most importantly,
onset consonant clusters was scrutinized and confirmed to correspond
to their accurate realization. The final set of stimuli was preprocessed for
presentation by normalizing it to the same peak level and removing any low-
frequency noise that might have been present in the recordings. The stimuli
of the lexical decision task can be seen in Table 3 below.

196 RBLA, Belo Horizonte, v. 17, n.1, p. 185-214, 2017.



TABLE 3
Lexical decision trials

Test trials (V= 235)

Nonword (n=120) Word (n= 115)
Legal (n=50) Illegal (n=50) Distractor Word (n="75) Distractor
cc | cce cc i cce (n=20) cC  ccc  (=40)
spaap  spap Asplan splen [sbaap  sbap ‘zblan Zblaen |boit bort |brag score :scratch [back knife

spak  gpaek ispleet gplit [sbak  ghak izbleet zplit [chum  (fym |brain  spit scream |bag  leg
spas  spaes SPlik  splik [sbas  sbas zblik  zphk |foom  fym |brave skill iscreen |boat light
spid  gpid  isplis  splis [sbid  gbid izblis  zpls |gaud gaud |bread skin iscrub |book long
stap  step sprad  spyed [sdap  sdap izbrad  zbraed |geed dzid |break skip isplit |cake mouth
steet  gtit spreen  sprin sdeet gdjt :zbreen zpyin |ger gz |breathe small isprain |case night
stel stel  ispret  gpret |sdel  gdel izbret gbret [gung gan |brick  smell :spread |cat page
stin stm  :spril spail sdin = gqpn izbril  Zpyy |haif harf |bride  smile ispring |coat path
stip stip  istraak  gyigk [sdip  sdip istlaak  gtlak [looch  jyutf [brief  smoke istraight|come pick

smaap smap :strak  strpk [sgaap sgap (stlak  stlek |naup navp |bright smooth strain |date  ran

smin  gmin istrat  gtet [sgal  ggml istlat  gtlet |ner ng |bring space istrap |dead red
smeek gmik istred  stred [sgeek sgik istled  gled |nug nug |flag spare :stream [dog  road
smeet gmit istrid  ggnd  [sgeet ggit istlid  gid  |[saip sarp |flake  speak istreet |down size

smil  gnyl iskraap gkyap [sgil  sqil  zgraap zgigp |teing ten [flame speed istress |fan suit

shran  fren iskrak  gkgek |stan gpen izgrak  gzgrek |teis tes |flat spell  istrong [feed sun
shrees  fis skral gkl [srees giis  zgral  zgrel |teng ten  |flight  spill hair  time
shreet it skrees  skyis [sreet syt izgrees zgrs |thep fep |[float  spoil head walk
shrik  guk  iskrid  gkpd |srik  gnk izgrid  zgud |vek vek |floor  stage hill  wall
skas  gkaes dlas  dles weim ey |frame  stain hot wash
skeek  gkik dleek d1ik zaat zat |freeze  stair house wife
skes  gkes dles  dles fresh  state

sket  gket dlet  dlet frog steak

skis  gkis dlis  dis place  steam

thrap  feep bzap  pzap plan step

threek B1ik bzeek pyik plane  still

threk  @rek bzek  pgek plate  trade

thren  Qren bzen pzen plot treat

thris Qg bzis by plug  trick

slad  gled tlad  {]ed scar trim

slas  gles tlas  {les school truth

slen glen tlen  len

sles— sles tles  tles
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3.2.1.2 Task structure

Alexical decision task was chosen to measure participants’ awareness
about L2 phonotactics due to its ability to capture listeners’ instinctive
phonotactic knowledge through reaction time measurements in real time,
before any re-mapping procedures due to I.1 phonotactic expectations would
have time to emerge. Additionally, a lexical decision task does not focus the
listener’s attention on phonotactics, but rather on lexicality, and does not
require the participant to verbalize any distributional rules, meaning that
non-verbalizable phonotactic awareness can be readily tested. As was seen
eatlier, the majority of phonotactic awareness is based on non-verbalizable
knowledge, making the use of implicit testing methods a priority.

Lexical decision tasks have been widely employed in psycholinguistic
research to measure, among other things, phonotactic frequency and
phonological neighborhood effects (VITEVITCH; LUCE, 1998),
orthographic effects (PEXMAN; LUPKER; JARED, 2001), phonological
processing (PRAAMSTRA et al., 1994), semantic processing (HINO;
LUPKER; PEXMAN, 2002), syntactic priming (WRIGHT; GARRETT,
1984), and bilingual lexical processing (PALLIER; COLOME; SEBASTIAN-
GALLES, 2001).

Previous research also indicates that lexical decision tasks can be
successfully used to measure phonotactic awareness through reaction time
measurements. Rejection of illegal nonwords has proven to be faster than
that of legal nonwords, given that the lexical search for nonwords with
an illegal onset is quickly blocked (MIKHAYLOVA, 2009; TRAPMAN;
KAGER, 2009; STONE; VAN ORDEN, 1993). Previous studies have
also determined that response latencies to words are faster than to legal
nonwortds, since the lexical search ends faster for words than for nonwords
(FORSTER; CHAMBERS, 1973; VITEVITCH; LUCE, 1999). In other
words, response latencies to legal and illegal nonwords can be employed
to determine language users’ awareness about phonotactics: should no
awareness about the permissible and impermissible clusters exist, no
differences would be observed in the reaction times between the two
nonword types.

The lexical decision task employed in the present study was created
and administered with DmDx software (FORSTER; FORSTER, 2012). It
consisted of 235 test trials, preceded by six practice trials, which provided
feedback on speed in order to encourage participants to respond as fast as
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they could. Stimuli was presented auditorily only, in a randomized order.
Participants’ task was to decide, by pressing the corresponding answer key,
whether the heard item was an existing word in English or not. Participants
were instructed to answer as fast and as accurately as possible. Since the
‘no’ responses (nonwords) were the target of the study, the key for ‘no’
responses was always located under the participants’ dominant hand, which
was ensured by having a left-handed and a right-handed version of the task.

The lexical decision task was carried out individually in a quiet room
at UFSC with a laptop computer and headphones. The lexical decision
task was the first of several phonological awareness tasks the participants
performed during the data collection session. At the beginning of the
data collection session, participants signed a consent form and filled out a
language background questionnaire.

The data from the lexical decision task came in the form of response
times and response accuracy. The manuscript reports only on the response
time data, as this is the primary data to measure phonotactic awareness. For
the reaction time analyses, only the items with correct answers were included
in the analyses, following that set forth in previous research (FORSTER;
CHAMBERS, 1973; VITEVITCH; LUCE, 1998). To obtain more precise
response latency measures, corrected reaction times were employed in
the analyses. Corrected reaction times were calculated by subtracting the
stimulus duration from the total reaction time (LUCE; PISONI, 1998;
TRAPMAN; KAGER, 2009). Mean response times for each participant in
each of the three conditions (word, legal nonword, illegal nonword) were
computed.

Additionally, to obtain a single score representing participants’
phonotactic awareness and to enable comparisons to .2 pronunciation, a
Phonotactic Awareness Score was computed by employing the following
formula: 1-(RT illegal/RT legal)*100. The resulting number represents the
difference in percentage between the reaction time of the illegal nonwords
and the legal nonwords. We hypothesized that the larger the difference, the
more accurately the participant would distinguish between the illegal and
legal nonwords. In other words, the larger the distance, the more awareness
the participant shows of the English onset consonant clusters. If the
distance in the reaction times would be negative or very small, the participant
would not be discerning between the legal and illegal nonwords, and would
thus not show phonotactic awareness of English consonant clusters.
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3.2.2 Foreign accent rating task

The accuracy of 1.2 pronunciation was evaluated with a Foreign
Accent Rating task, which has been widely employed in L2 speech research
(e.g.,, BONGAERTS; VAN SUMMEREN; PLANKEN; SCHILS, 1997,
FLEGE, 1988; FLEGE; FLETCHER, 1992; FLEGE ez al., 2006; MACKAY
et al., 2006; MAGEN, 1998; PISKE; MACKAY; FLEGE, 2001). Foreign
accent rating tasks present L2 users’ speech samples to a panel of native
or non-native judges who rate them for their degree of foreign accent.
Subjective judgments of language users obtained in this way are highly
uniform, and language users, to a large extent, tend to agree when judging
L2 speech (FLEGE; FLETCHER, 1992; PISKE ez al., 2001; SCHMID;
HOPP, 2014).

The L1 Brazilian Portuguese participants’ L2 speech samples were
elicited through a delayed sentence repetition paradigm (e.g., FLEGE;
MUNRO; MACKAY, 1995; FLEGE et al., 2006; MACKAY; FLEGE; IMAI,
2006; PISKE ez al., 2001; TROFIMOVICH; BAKER, 2006). A delayed
sentence repetition paradigm eliminates the effects of reading proficiency
and orthography, which are present in reading aloud tasks, while providing
highly controlled and usually fluent speech samples. In a delayed sentence
repetition task, the informant is presented with words or sentences spoken
by a native speaker of the target language and is asked to repeat the targets
after a pause or a distractor item (‘delayed repetition’). With this aim, the
targets are embedded into mini-dialogs, such as a question-answer, so that
direct imitation of the native speaker model is impossible, as the target is
followed by a distractor sentence (FLEGE ez al., 1995).

Two target sentences were elicited through a delayed sentence
repetition task in the present study. The sentences were designed so that
they would present familiar vocabulary and a wide variety of 1.2 phones
in order to obtain representative pronunciation samples for each foreign
language learner. Additionally, both sentences were designed to include likely
segmental, phonotactic, and prosodic problem areas for L2 speakers, such
as difficult consonants and vowels, consonant clusters, unstressed function
words, and nuclear stress assignment. The two target sentences were: ‘Strong
Steve killed a huge snake’ and “Their new job taught them many things’.

The delayed sentence repetition task was performed in the beginning
of the data collection session. The L1 Brazilian Portuguese participants
listened to question-answer dialogs in which the answer corresponded to the
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target sentence they were asked to repeat, and the question corresponded to
the distractor. The model answers were read by a female native speaker of
American English. Participants sat in front of a Shure SM58 unidirectional
microphone and a Sony PCM-M10 recorder with sampling frequency set
to 44100Hz/16-bit and listened to the mini-dialogs from headphones. The
participants did not see the orthographic representation of the sentences
at any point. The structure of each mini-dialog was the following: first
participants heard a question, followed by a 100ms pause, and then the
answer. They then heard the question again, after which they had 500ms to
repeat the previously heard answer. If the participant made a mistake or was
unable to repeat the answer, the dialog was played again.

The L1 Brazilian Portuguese participants’ L2 productions were
extracted from the delayed sentence repetition task and preprocessed
for presentation. Low-frequency noise was eliminated and the sentences
were normalized to the same peak level, after which the 142 sentences (2
sentences x 71 participants) were presented to the native English participants
of the study who judged their pronunciation accuracy in a Foreign Accent
Rating task.

The Foreign Accent Rating task was created and administered in Praat
(BOERSMA; WEENIK, 2013). It consisted of three blocks: a practice block
with eight repetitions of the sentence ‘She started to work in the school
canteen’, as pronounced by eight randomly selected .1 Brazilian Portuguese
learners; the Sentence 1 block; and the Sentence 2 block. The practice block
was included in order to familiarize the raters with the range of foreign
accents present in the task. In the actual test, all of the repetitions of the
sentence, ‘Strong Steve killed a huge snake’, were presented first, followed by
all the repetitions of the sentence, “Their new job taught them many things’.
The order of the blocks was fixed, whereas the order of the trials within
the blocks was randomized. The task was self-paced and the L1 American
English listeners were allowed to pause at any point. The judges listened to
the sentences one by one and rated them on a nine-point Likert scale (1 =
no foreign accent, 9 = a very heavy foreign accent). Instructions were given
to use the whole scale when rating the speech samples. To increase task
reliability, repetitions of the two sentences by five native English speakers
were also included in the task. Consequently, the Foreign Accent Rating task
consisted of eight practice trials and 152 test trials.
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The foreign accent judgment task was carried out individually in a
quiet room at UFSC. The structure of each trial was the following. The target
sentence was heard through the headphones, immediately after which the
rater saw the orthographic representation of the sentence together with the
rating scale. Responses were given by clicking the corresponding number
on the scale. The listeners had the option to re-listen to each speech sample
once if required.

Each L1 Brazilian Portuguese participant received a foreign
accentedness rating from each of the 19 native English judges for the two
test sentences. To create a Foreign Accent Score representative of each
participant’s L2 pronunciation accuracy, the judges’ mean ratings of the
two sentences were computed, preceded by the confirmation that the two
test sentences shared a strong positive correlation (r=.693, 7 =71, p <.001).
Inter-rater reliability, as measured by Cronbach’s Alpha, was .96.

4. Results

4.1. Awareness of L2 phonotactics

To determine whether the L1 Brazilian Portuguese EFL learners
had developed an awareness of English phonotactic rules involving initial
consonant clusters, reaction times between words, legal nonwords, and
illegal nonwords were compared and contrasted to .1 American English
participants’ reaction times. It was expected that if the participants had
developed an awareness of L2 phonotactics, they would show a clear
response time effect by reacting the slowest to legal nonwords, then to
illegal nonwords, and the fastest to words. Descriptive statistics can be seen
in Table 4.
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TABLE 4
Mean reaction times (ms) to stimulus types

L1BP (n=71) L1 AmE (n=19)
Stimulus type M SD M SD
Legal nonword 731.06 180.94 463.10 108.72
Tllegal nonword 523.93 184.92 354.83 137.50
Word 430.63 103.99 334.28 87.97

A mixed ANOVA was conducted with S#mulus Type (illegal nonword/
legal nonword/word) and L7 (BP/AmE) as independent variables, and
Reaction Time as the dependent variable. The ANOVA showed a significant
main effect from both the S#mulus Typeand 1.7, as well as a Stimulus Typex L1
interaction. The interaction effect was due to the fact that, whereas for the
LL1 Brazilian Portuguese participants the reaction times to all three stimulus
types differed significantly from each other, for the .1 American English
participants, the reaction times between the illegal nonwords and words did
not differ significantly (p=.47). The main effect of L7 was due to the fact
that the .1 American English speakers responded significantly faster than
did the L1 Brazilian Portuguese speakers in all stimulus categories. These
results indicate that both participant groups showed a clear response time
effect, revealing an awareness of English phonotactics (Figure 1).

FIGURE 1. Reaction time effect across stimulus types and L1 participants.
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To further examine the differences between L1 Brazilian Portuguese
EFL learners and native English participants, an independent samples t-test
was conducted between the two L1 groups using the Phonotactic Awareness
Score as the dependent measure. No significant differences were found
between the L1 Brazilian Portuguese participants (M=29.00, SD=14.11)
and the L1 American English participants (M=28.21, §D=13.32) in terms
of their phonotactic awareness scores, #86)=.20, p=.83.

Taken together, the results from the two analyses indicate that, though
responding slower than native English speakers, L1 Brazilian Portuguese
EFLlearners presented a high awareness of English phonotactics. This was
evident in their expected response time effect as well as in their phonotactic
awareness score being comparable to the native English speakers.

4.2. L2 phonotactic awareness and L2 pronunciation accuracy

The second research question sought to determine whether L2
phonotactic awareness would be related to .2 pronunciation accuracy. The
relation between .2 phonotactic awareness, as measured by the Phonotactic
Awareness Score, and L2 pronunciation, as measured by the Foreign Accent
Score, can be seen in Figure 2.

FIGURE 2. Scatterplot of the relation between
L2 phonotactic awateness and 1.2 pronunciation accuracy.
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A Pearson product moment correlation revealed a medium-sized
negative correlation between phonotactic awareness and L.2 pronunciation,
indicating that high levels of phonotactic awareness were associated with
low foreign accent ratings (r= -.463, =71, p <.001). In other words,
participants with a higher degree of .2 phonotactic awareness also had high
L2 pronunciation accuracy. The coefficient of determination indicated that
the variables shared 23% of their variance.

The results to the second research question confirmed the hypothesis
that L2 phonotactic awareness and L2 pronunciation would be positively
related. Therefore, the results from the present research extend the
positive relation previously observed for language awareness and language
proficiency (CALDERON, 2013), verbalizable L2 phonological awareness
and L2 pronunciation (KENNEDY; TROFIMOVICH, 2010) and non-
verbalizable L2 phonological awareness and accurate production of
target segments (MORA et al., 2014) to L2 phonotactic awareness and 1.2
pronunciation.

5. Conclusion and discussion

The present study examined L1 Brazilian Portuguese EFL learners’
awareness about L2 phonotactic constraints involving onset consonant
clusters and whether L.2 phonotactic awareness would be related to the
accuracy of L2 pronunciation. The results showed, on the one hand, that the
language learners of the study possessed large amounts of non-verbalizable
knowledge about the I.2 phonotactics. On the other hand, it was discovered
that language learners with high levels of phonotactic awareness also had
higher L2 pronunciation accuracy than did participants who presented lower
levels of 1.2 phonotactic awareness.

The results from the two analyses conducted to examine .1 Brazilian
Portuguese EFL learners’ awareness about English phonotactics suggest that
uppet-intermediate/advanced L1 Brazilian Portuguese EFL learners possess
a fair amount of non-verbalizable knowledge about English phonotactics,
not differing significantly from native English speakers. The only statistically
significant difference observed between the two L1 groups concerned
response speed: native English speakers reacted significantly faster than the
L2 learners to all stimulus categories.

These results did not support the hypothesis we posited that language
learners would show a lower degree of phonotactic awareness than native
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speakers due to their developing interlanguage phonology. However, the
results obtained in the present study are not unheard of in previous research
employing lexical decision tasks with non-native speakers. Trapman and
Kager (2009) and Mikhaylova (2009) found that .2 speakers responded
slower than L1 speakers, yet they possessed knowledge about the target
language phonotactics that was similar to that of native speakers.

Nevertheless, we should not interpret these results as upper-
intermediate/advanced L1 Brazilian Portuguese learners of English having
a native-like command of English phonotactics. This study only employed
one task type (online lexical decision) and one target structure (onset
consonant clusters). If one were to employ a more gradient task type, such
as word-likeness judgments or gating tasks, the results might be different.
It is also possible that becoming aware of the internal organization of the
syllable, namely, which phones can and cannot appear together in the L2,
is easier than learning the difference between L1 and L2 syllable structures
(CCVC vs. CV.CVC such as school-‘escola’, for example).

The results from the present study should be instead interpreted as
the learners having developed some awareness of 1.2 phonotactics but not
having developed automatized interlanguage phonotactic representations
of them. In other words, the learners had noticed the differences between
LL1 and 1.2 onset consonant clusters, which following Schmidt’s Noticing
Hypothesis (1995) is the first step in accurate language acquisition.
However, the learners had not yet developed fully automatized interlanguage
phonotactic representations. This is supported, on the one hand, by the
results of the present study: the L1 Brazilian Portuguese EFL learners
responded slower than the native speakers clearly revealing the smaller
degree of automatization of the underlying representations. On the other
hand, this interpretation is supported by previous research with L1 Brazilian
Portuguese ELF learners indicating the frequent perception and production
problems with English onset clusters (e.g., CARDOSO e# al., 2009;
CARDOSO; LIAKIN, 2009: RAUBER, 2006; REBELLO; BAPTISTA,
20006; SILVEIRA, 2002).

The second finding of the study is that .2 phonotactic awareness
was positively related to L2 pronunciation accuracy in L1 Brazilian
Portuguese learners of English. It should be noted that the causality of
this relation cannot be established with the current data, although we have
strong theoretically founded reasons to believe that either variation in L2
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phonotactic awareness leads to variation in .2 pronunciation (and not the
other way around) or that the relationship between the two is reciprocal. The
first scenario (phonotactic awareness = 1.2 pronunciation) is supported by
the large body of language awareness research based on Schmidt’s Noticing
Hypothesis (1995) and on the notion that the accurate acquisition and
production of a given linguistic feature requires it to have been consciously
noticed. Likewise, the majority of 1.2 speech research follows the view that
some, if not most, of the pronunciation mistakes have a perceptual origin
as postulated by Flege (1995) and Best (1995).

However, the possibility that the relationship between I.2 phonotactic
awareness and L2 pronunciation is reciprocal (L2 phonotactic awareness
<> 1.2 pronunciation) is also possible. In this scenario, learners with higher
L2 phonotactic awareness develop higher accuracy in .2 pronunciation,
because the increased accuracy in pronunciation enables the relocation of
attention to less salient features (VANPATTEN, 1996) and leads to more
noticing of additional phonotactic aspects. Whatever the directionality of
the relationship proves to be, the finding that the relationship between L2
phonotactic awareness and L2 pronunciation is positive brings interesting
practical implications.

Although the participants in the present study showed a high awareness
of English phonotactics, the results to the second research question suggest
that teaching phonotactics is beneficial for L2 pronunciation. Despite
the participants’ seemingly high level of L2 phonotactic awareness, the
phonotactic constraints of the native language are still likely operating in
their 1.2 speech processing, thus resulting in a negative transfer (WEBER;
CUTLER, 2000). Altenberg’s (2005) participants (L1 Spanish learners of
English) also presented a high degree of phonotactic awareness but were still
unable to apply that information in real-time L2 perception and production.
What this suggests is that even though language learners may show a high
level of .2 phonotactic awareness, as was the case with the I.1 Brazilian
Portuguese participants in the present study, they would still benefit from
practice in order to develop more automatized processing (ELLIS, 2002).

Practice is necessary for L1 articulatory movements to be reconfigured
to the effortless production of L2 consonant clusters. Additionally, greater
experience with listening to the target language should aid L2 users in taking
advantage of the I.2-specific phonotactic constraints (WEBER; CUTLER,
2000). In other words, greater experience gained by listening to an input with
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a high frequency of onset s-clusters, for example, might gradually lead to the
language learner’s acceptance of these sequences as natural in L2 without
the need to resort to the insertion of epenthetic illusory vowels.

Whether regular L2 input is enough to make the phonotactic
constraints of L2 perceivable to foreign language learners is a matter of
future studies. What is clear from previous research is that the employment
of activities used to raise I.2 learners’ awareness about the target language
is beneficial in making aspects of L2 phonology more salient for language
learners (ALVES; MAGRO, 2011; CEBRIAN; CARLET 2014; COUPER,
2011; RATO, 2013; SAITO; WU, 2014; WREMBEL, 2005). With lower-
level learners, the employment of consciousness-raising activities, such as
explicit teaching or the employment of enhanced input, might be especially
beneficial given that beginners first need to develop their awareness of
L2 phonotactics. With higher-level learners, once their awareness of L2
phonotactics has been developed, the employment of articulatory and
perceptual training activities, for example, could be especially beneficial, as
these would promote more automatized L2 speech processing and more
fluent and accurate L2 output. Finally, future studies should compare the
different methods (e.g;, explicit teaching, theoretical lectures, pronunciation
drills, laboratory training, etc.) to increase L2 phonotactic awareness in order
to determine their effectiveness.
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