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ABSTRACT

Aspiration is a feature accompanying English plosives but is not a part of the Estonian
sound system. Jenkins (2000, cited in Walker 2018) considers aspiration an essential aspect of
English pronunciation. The aspiration of English voiceless plosives by Estonian speakers is a
feature that has been studied by Hallaste (2008) and Ader & Miljan (2015) via auditory
analysis. This thesis aims to investigate L1 Estonian students’ pronunciation of English
voiceless aspirated plosives via acoustic analysis. The aims of this thesis are summarized in a
single research question: based on an acoustic analysis, do upper secondary school students
aspirate initial voiceless plosives, indicating that they can separate voiceless plosives from
voiced plosives? A pronunciation test was created and conducted on six upper secondary
school students. The recordings from the students’ pronunciation test were analyzed in terms
of their VOT values and compared to native speaker VOT values, the presence of aperiodic
aspiration noise on waveform and spectrogram was determined.

This thesis begins with an introduction containing the motivation and core concepts of
this thesis. The literature review explores the definition of aspiration, its acoustic properties,
and gives an overview of previous studies conducted on L1 production of L2 aspirated
plosives. The second main section explores the methodology used for conducting the study
and analyzing the students’ recordings, the results of the acoustic analysis will be presented
and discussed. The final part of this thesis is the conclusion which summarizes the findings of
this thesis.
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LIST OF ABBREVIATIONS

AmE American English

Brg

EFL

L1

L2

LFC

ms

NS

NNS

VOT

British English

English as a Foreign Language

first language, meaning the native language of a person

second language of a person, which is not their native language and is learned
Lingua Franca Core

milliseconds

native speaker

non-native speaker

voice onset time



INTRODUCTION

English is most often utilized as a lingua franca, which is defined as a “contact
language” between speakers who do not speak a common first language (Mauranen 2018: 7).
Mauranen (2018: 7) writes that English is more often spoken by non-native speakers rather than
native speakers of English. When it comes to the spread of English on a global scale, Estonia
IS no exception. Self-reported language proficiency and active language use (including
comprehension, speaking, and writing) in English increased from 37% in 2017 to 47% in 2020
compared to those who report not speaking English at all, which was 26% in 2017 and dropped
to 18% in 2020 (Kivistik 2020: 32—33). Foreign language learning is also a part of the national
curriculum in Estonian basic education, where most students learn English as their first (A)
foreign language (Ministry of Education and Research n. d.). Graduating upper secondary
school students must also take a written and oral B-level examination in their A foreign
language, (Education and Youth Board n.d.), which often is English.

The Estonian and English phonetic systems have many differences in the pronunciation
of vowels, consonants, features of connected speech, sentence stress, and intonation. Many
younger Estonian speakers have shown tendencies towards more native-like English
pronunciation (showing less L1 interference) (Ader & Miljan 2015). Although more native-like
English pronunciation might be seen as a success from an educational standpoint, according to
Walker (2018), pronunciation teaching has shifted from a rigid native-level goal to one of
intelligibility. According to Jenkins (2000, cited in Walker 2018), the aspiration of word-initial
voiceless plosives is an important ability for an L2 English speaker to learn for mutual
intelligibility in conversations with both native and non-native speakers of English. Despite the
much-improved English skills amongst EFL students in Estonia, both Ader & Miljan (2015)
and Hallaste (2008) found that the aspiration of voiceless plosives has remained a difficult area

in English pronunciation. When it comes to teaching practices in Estonia, Teder (2023: 34,



40-41) found that most Estonian EFL teachers, even those who think that accent should be
eliminated, agree that intelligibility should be the goal in teaching pronunciation. However,
aspiration along with assimilation were the least taught pronunciation aspects (Teder 2023: 39).

Although L2 English aspiration and plosive production being a well-researched topic in
other languages, L1 Estonian speakers’ production of L2 English plosives is an area that has
received little attention despite the fact that English is taught as a foreign language in schools
and there are significant differences in voicing and aspiration categorization of plosives
between the two languages. The aim of this small case study is to perform an acoustic analysis
of the pronunciation of voiceless aspirated plosives by Estonian learners of English in terms of
their VOT values and presence of aspiration using the free speech analysis software PRAAT.
Comparing the findings of L1 Estonian pronunciation of L2 English to the plosive production
of native English speakers can provide detailed empirical evidence on what specific features
Estonian EFL learners might struggle with and whether they can phonetically differentiate
between voiced and voiceless plosives.

The aims of this thesis were summarized into a research question:

» Based on an acoustic analysis, do upper secondary school students aspirate initial
voiceless plosives, indicating that they can separate voiceless plosives from voiced
plosives?

It is important to mention that the thesis at hand is a small case study composing of only six test
subjects, so it is therefore not possible to draw any general conclusions on whether the
pronunciation of plosives amongst Estonian EFL learners has improved on a larger scale. It can,
however, add to the knowledge on Estonian production of English plosives in terms of
acoustical measurements.

This thesis is divided into two main sections. The literature review that makes up the

first section will first introduce the significance of aspiration in English and in EFL, the



production of aspiration and plosives, and the differences between Estonian and English
plosives. Then it will introduce the findings of previous studies on L2 English plosives and
provide measurements on the plosive production of native English speakers.

The second part of this thesis is dedicated to analyzing the pronunciation of English
plosives by Estonian learners. The compilation of the pronunciation test and the background
questionnaire as well as the parameters by which the acoustic analysis is conducted are
explained. Secondly, the speech samples from the pronunciation test are analyzed and
compared to the VOT and aspiration measurements of native English speakers to see what
aspects of English plosive and aspiration production Estonian learners of English struggle

with. The final part includes the discussion of the results.



1. LITERATURE REVIEW

The first part of the following section will give an overview of the significance of
aspiration in English and in EFL, aspiration and plosive production, acoustic representations
of aspiration on waveform and spectrogram, and a comparison between Estonian and English
plosives. The second part of this section will summarize the findings of studies done on
English plosives as well as studies conducted on the pronunciation of English plosives by

Estonian and other EFL speakers.

1.1. Intelligibility and aspiration

Aspiration is a feature accompanying plosives in different contexts across many
languages, including English. It refers to a puff of air that occurs after a plosive, resulting in a
lag in voicing (Roach 2000: 34, Ogden 2009: 102), which in English separates voiceless /p t
k/ from voiced /b d g/ (Lisker & Abramson 1964: 384).

Walker (2018: 64) claims that in the 1980s native-speaker accuracy was the norm for
EFL pronunciation, with Received Pronunciation (BrE) and American English (AmE) being
most favored. There was a shift in the perception on L2 English pronunciation in the 2000s
when Jennifer Jenkins suggested a collection of pronunciation features called the Lingua
Franca Core (LFC), which would ensure intelligibility between non-native speakers (NNS)
(Walker 2018: 65). The LFC is an evidence-based syllabus composed of pronunciation features
necessary for intelligibility for mainly NNS, since according to Jenkins (2005: 200)
communication between NNS happens more frequently amongst EFL learners than conversing
with native speakers (NS). When discussing the LFC, Wells (2005: 101) affirms that teaching
aims depend on who the EFL speakers will be conversing with; however, Dauer (2005: 544)
notes that since NNS interactions are the most common interactions EFL learners encounter,

there is essentially no need for an EFL speaker to acquire a near-native accent. Therefore,
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pronunciation mistakes are not seen as a deviation from NS pronunciation, but as a deviation
from intelligibility described in Jenkins” LFC (Walker 2018: 65). Jenkins (2005: 200) concludes
that the LFC was designed to ensure intelligibility in NNS interactions.

When it comes to aspiration, Roach (2000: 34) claims that aspiration is an important
aspect from an NS standpoint since word-initial voiceless unaspirated plosives might be
perceived as voiced plosives /b d g/ by native speakers. Furthermore, aspiration is deemed an
important phonological feature even from an NNS intelligibility standpoint. Namely, the list of
intelligibility features included in the LFC summarized in Walker (2018: 65) are as follows:

» all of the consonants except /0/, /0/ and /r/, where variation was acceptable;

» the aspiration of /p/, /t/ and /k/ in initial position in stressed syllables;

» the correct treatment of word-initial consonant clusters;

» vowel length differences, especially the shortening of vowels preceding voiceless
consonants (e.g., cap—cab or wait-wade);

» nuclear stress placement (i.e., ‘I love speaking English’ versus ‘I love speaking English’);

The LFC states that aspiration is necessary for mutual intelligibility even between NNS
speakers. The discussion around aspiration and both NS and NNS intelligibility can further be
highlighted in Estonian EFL learners since Estonian does not make this distinction between
plosive consonants: English has aspiration distinction between voiced and voiceless plosives
(Lisker & Abramson 1964: 394), while Estonian recognizes only voiceless plosives (Asu et al.
2016: 65) and does not recognize voicing contrast in plosives (Ariste 1984: 49). As a result,

Estonian EFL speakers may struggle with English plosives.

When it comes to pronunciation teaching tendencies amongst EFL teachers in Estonia,
Estonian teachers’ views on pronunciation teaching were described in Teder’s thesis (2023).
Teder (2023: 26—27) investigated the pronunciation practices of 20 native Estonian English

teachers between the ages of 23 and 62. When it comes to accented English, the majority agreed
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that achieving a native-like accent should not be a strict goal and the overwhelming majority
agreed that intelligibility should be the primary goal of pronunciation (Teder 2023: 31-34).
Despite this, aspiration was one of the most rarely taught aspects of English pronunciation,
while half of the teachers taught voiced and voiceless consonants regularly, which was

mentioned separately (Teder 2023: 38—41).

1.2. Aspiration and plosive production

Aspiration is the h-like sound produced by air passing through the glottis, which occurs
between the release of a plosive and the voicing of a following vowel (Roach 2000: 34, Ogden
2009: 102). To better understand the features of aspiration, it is important to first look at
various aspects of plosive production, such as plosive phases, voicing, the context in which
aspiration takes place, and some acoustic characteristics of aspiration.

A plosive is a consonant in which a complete closure forms between two articulators
to block the airflow, then after a short period of time the closure is suddenly released, causing
an “explosion” of the air built up behind the articulators (Ogden 2009: 16; Roach 2000: 32).
The English sound system recognizes six plosives /p t k b d g/, which are divided into voiced
/b d g/ and voiceless /p t k/ plosives (Ogden 2009: 96). Sounds, especially consonants, are
determined by their place of articulation that specifies which articulators come together to
produce the sound. According to the place of articulation, English plosives are divided into
bilabials /p/ and /b/, alveolars /t/ and /d/ and velars /k/ and /g/ (Ogden 2009: 96). Ogden (2009:
96) divides the production phase into three phases: closing, hold, and release (C, H, R). The
closing phase consists of bringing two articulators together to form a closure. The vocal tract
is completely sealed off during the hold phase as the lungs are still forcing air out of the vocal
tract. During the release phase, built up air is released from behind the closure during the final
release phase, resulting in a plosion.

Voicing is considered a distinguishable feature in English pronunciation, and that
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includes plosives. Plosives can be fully voiced (throughout C, H, and R phases), partially
voiced, and voiceless (Ogden 2009). English phonology divides plosives into voiced /b d g/ and
voiceless /p t k/, where /p t k/ are always voiceless, but /b d g/ can be fully voiced, partly voiced
and voiceless (Roach 2000: 33). When it comes to voicing consonants, it is measured with VOT
(voice onset time), which is the time between the release of the plosive and the beginning of
voicing (Ogden 2009). Lisker & Abramson (1964) also add that the force (lenis & fortis) aspect
also exists and is regarded as a third distinction between voiced and voiceless plosives on top
of aspiration and voicing, but similarly, as Roach (2000) states, there are no grounds for
differentiating nor proving the aspect of “force” in the articulation of plosives.

English voiceless plosives /p t k/ are accompanied by aspiration before the voicing of
the following vowel begins (Ogden 2009: 102). Aspiration takes place at the glottis (which is
the small opening between the vocal folds) after the release of a plosive when the vocal folds
are not yet vibrating, but air is passing through the open glottis (Karlsson 2002: 69—70). When
it comes to the voicing of aspirated plosives, Lisker & Abramson (1964) note that the VOT is
considerably longer for voiceless aspirated plosives. Roach (2000: 34) and Ogden (2009: 103)
summarize the criterion in which a plosive is aspirated as follows: in word-initial stressed
positions preceding a vowel. However, if the voiceless plosive is preceded by /s/, then it remains
unaspirated (Roach 2000: 34). Therefore, aspiration and aspirated plosives are realized as
allophones of voiceless plosives, not as separate phonemes since aspiration accompanies
plosives only in specific contexts (McMahon 2002: 18).

Acoustically, aspiration is described by silence during the hold phase, a transient burst
during the release phase, and then aspiration friction after the release (Ogden 2009: 98—-99).
Aspiration is produced by turbulent airflow passing through the glottis, resulting in a breathy
voice (Johnson 2003: 138—139; Ogden 2009: 102). Turbulence is an aperiodic sound which

appears in fricatives as well as aspiration. According to Ogden (2009: 34) both friction and
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turbulence are represented by an aperiodic soundwave which has no repeating waveform pattern
(whereas voicing is represented by a repeating waveform pattern). On the spectrogram, Lisker
& Abramson (1964: 386) and Klatt (1975: 688) categorize aspiration as a “noise” at the second
and third formant frequencies and missing at the first formant frequency.

To summarize, aspiration takes place after the release phase of a plosive and ends with
the start of voicing of the following vowel. Aspirated plosives are realized as allophones of
voiceless plosives and accompanies plosives only in stressed syllables preceding a vowel. On
waveform and spectrogram, aspiration is indicated by an aperiodic sound missing a voicing bar

that lies between VOT.

1.3. Estonian and English plosives compared

While Estonian orthography distinguishes between p, t, k, and b, d, g, Estonian
phonology, however, only realizes four plosives /k p t t/, which are voiceless and unaspirated
(Asu et al. 2016). Despite the fact that separate phonemes are not recognized based on voicing,
research has shown that Estonian plosives have voiceless, partially voiced as well as fully
voiced allophones in intervocalic positions of spontaneous speech (Ermus 2017). Unlike the
English sound system, variation in voicing does not result in different phonemes in the Estonian
sound system (Ariste 1984: 49). The Estonian sound system only distinguishes plosives based
on fortis/lenis contrast: short plosives that appear in a voiced setting are categorized as lenis
plosives; long plosives that appear in word-initial positions are categorized as fortis plosives
(Asu et al. 2016: 65-66). The voicing and aspiration differences between English and Estonian
are highlighted by Mutt (1978: 45-49), who has provided a comparison between Estonian and
English consonants, taking voicing and aspiration into consideration. Mutt (1978: 49) instructs
Estonian learners to put more effort into voicing voiced plosives and aspirating initial voiceless
plosives.

When comparing voicing in Estonian and English, the approximate VOT in Estonian
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word-initial voiceless plosives for /p/ is 18 ms, for /t/ is 31 ms, and for /k/ is 37 ms, but can
vary depending on the following vowel (Eek & Meister 1996: 242—-243, cited in Asu et al. 2016:
83). In the case of English, the average VOT for word-initial voiceless aspirated plosives in
single isolated words is 58 ms, 70 ms, and 80 ms for /p t k/, respectively (Lisker & Abramson
1964: 394). Although it is not mentioned whether Eek & Meister (1996, cited in Asu et al. 2016:
83) collected the VOT values in connected speech or isolated words, the contrast between VOT
values of English aspirated and Estonian unaspirated plosives by Eek & Meister (1996, cited in
Asu et al. 2016: 83) and Lisker & Abramson (1964: 394, 410, 411) are illustrated in Table 1.
Table 1. VOT values of English voiceless aspirated plosives and Estonian voiceless

unaspirated plosives (Eek & Meister 1996: 242—243, cited in Asu et al. 2016; Lisker &
Abramson 1964: 394, 410, 411)

Voiceless phoneme English English English Estonian
voiceless voiceless voiceless voiceless
aspirated aspirated aspirated unaspirated
plosives in plosives in plosives in plosive
isolated speech (in speech (in
words non-initial initial

sentence sentence

positions) positions)
Ip/ 58 ms 34 ms 28 ms 18 ms
It 70 ms 37 ms 39 ms 31 ms
K/ 80 ms 49 ms 43 ms 37 ms

From Table 1 it is apparent that word initial VOT values of English aspirated and Estonian
unaspirated plosives are different, with English VOT values lasting longer in running speech
than Estonian plosives due to aspiration. The minimum VOT for aspirated /p/ were recorded in
initial sentence positions, which was 28 ms. The shortest duration for the English /t/ were
recorded in non-initial sentence positions, which was 37 ms. The shortest duration for English
/k/ was recorded in initial sentence position, which was 43 ms. Compared to Estonian voiceless

plosives, the English /p/ is at least 10 ms longer than the Estonian equivalent, the English /t/
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and /k/ are both at least 6 ms longer than the Estonian equivalent.
In summary, the Estonian and English sound systems have vastly different

categorizations for plosives based on voicing, lenis/fortis contrasts and aspiration.

1.4. Previous studies on VOT and aspiration of English plosives

The production of VOT, voicing, and aspiration of L2 English plosives by EFL learners
are features that have been studied across many languages (Shahidi & Rahim 2011; Kim 2012;
Abdelaal 2017) while others have carried out cross-linguistic comparisons of VOT and
aspiration distinctions between different languages, including English (Lisker & Abramson
1964, Deterding & Nolan 2007).

Some of the most valuable information for this thesis (especially regarding VOT) comes
from the research of Lisker & Abramson (1964). Lisker & Abramson (1964: 388) carried out a
cross-language study to see how well VOT distinguished between languages that have two,
three, or four separate categories dedicated to plosives (17 speakers and 11 languages in total).
The study examined plosives in word-initial positions before vowels in both isolated words as
well as in sentences (Lisker & Abramson 1964: 388—389). The study included four speakers of
American English who were instructed to read the word containing the targeted phonemes out
in isolation and were then instructed to use the words in sentences in initial and non-initial
positions (Lisker & Abramson 1964: 388, 391, 394, 407). VOT was deemed a sufficient
measurement for differentiating between stop categories for English (Lisker & Abramson 1964:
420), but it was not sufficient in other languages, such as Hindi and Marathi, which differentiate
between both aspirated and unaspirated categories of voiced and voiceless plosives, in which
case VOT measurements were deemed insufficient (Lisker & Abramson 1964: 403, Abramson
& Whalen 2017: 3).

Klatt (1975: 686) also set out to expand the knowledge on VOT and the burst frication

noise in word-initial consonant clusters. His study analyzed 25 different word-initial consonant
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clusters as well as words beginning with a single plosive consonant embedded in a carrier
phrase to represent VOT in conversational speed (Klatt 1975: 687). The study investigated
aspiration in word-initial consonant clusters by measuring the VOTs of plosives produced by
three native speakers (Klatt 1975: 686—687). The results concluded that the VOT was longer
before sonorants (such as plosives /r/) and high vowels (such as /i u/) and shorter before mid-
and low vowels (such as /¢/) as well as detected aspiration in /s/-clusters (Klatt 1975: 686). The
VOT measurements in voiceless aspirated plosives /p t k/ were found to be 47 ms, 65 ms, and
70 ms, respectively (Klatt 1975: 687, 689), which are longer than the VOT in conversational
speed listed in Lisker & Abramson (1964).

When it comes to the duration of aspiration specifically, Deterding & Nolan (2007)
compared the duration of aspiration and voicing of six Mandarin Chinese plosives to RP British
English plosives. In terms of the acoustic measurements for aspiration, it was measured from
the release of the plosive until the end of the release burst (Deterding & Nolan 2007: 386).
Deterding & Nolan (2007: 386) also add that labeling the aspiration measurements as VOT
would be inaccurate since voicing often started before the end of the burst measurement. The
average duration of aspiration was found to be 71.4 ms, 80.4 ms, and 97.3 ms for /p t k/,
respectively. These measurements are quite significantly longer than those presented in Table
1, but the authors note that this might be because of the British informants’ work as lecturers
(Deterding & Nolan 2007: 385). The most significant difference occurred in the voicing of
plosives during closure in intervocalic positions, but there was little to no difference in the
aspiration of plosives in both languages (Deterding & Nolan 2007: 385, 388).

Kim (2012) sought to determine if the place of articulation affects aspiration in voiceless
English plosives produced by both English and Korean speakers. In this study aspiration was
measured and determined in terms of their VOT values (Kim 2012: 2). The words under

scrutiny included 36 words with plosives in word-initial position and plosives following /s/
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(Kim 2012: 5). Although VOT values in English produced by Korean speakers were appropriate
for English aspirated plosives, the Korean language does have two categories out of three
categories dedicated to plosives (Kim 2012: 10, 13).

Abdelaal (2017) set out to examine the production of voiceless stops by native Arab
speakers of English to assist Arab EFL Students. The main measurement used to analyze
plosives in this study was VOT. According to the study, /t/ was produced with a shorter VOT
and weaker aspiration than that of native speakers probably due to the interference of L1, but
there was little difficulty in producing /d/ (Abdelaal 2017: 11-12). /k/ was mostly produced
with an appropriate VOT value, while four out of the ten participants produced /k/ with a
smaller VOT value (Abdelaal 2017: 12). The VOT value of /g/ was too high, probably due to
it not being in the Arabic sound system (Abdelaal 2017: 12—13). Discrepancies in VOT values
were said to be due to the phonetic differences between the two languages, for example, /g/
does not exist in Arabic or /t/ is a dental plosive in Arabic (Abdelaal 2007).

Shahidi & Rahim (2011) addressed the pronunciation differences between Malay and
English plosives and the performance of English plosives by Malay EFL speakers. Although
the comparison of the sound systems of Malay and English reveals that Malay plosive stops are
unaspirated, VOT was the only measurement taken for this study and aspiration was not
included as a research goal (Shahidi & Rahim 2011). The results concluded that there are
voicing differences in the sound systems of both languages and Malay accented English
highlighted by L1 Malay VOT patterns (Shahidi & Rahim 2011).

From the studies by Abdelaal (2007), Deterding & Nolan (2007), Shahidi & Rahim
(2011), and Kim (2012), we can see VOT measurements being used as an acoustic measurement
for detecting aspiration and voicing contrasts across many studies, even in those languages that
do not distinguish between plosive categories based on aspiration. Furthermore, Suarez (2008:

148) claims that VOT is the measurement with which the degree of aspiration for voiceless
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stops is defined, although other sources describe more specific measurements (e.g., Lisker &
Abramson 1964, Klatt 1975; Deterding & Nolan 2007). There is also evidence to support the
fact that aspiration can be difficult for EFL students whose native language does not aspirate
plosive consonants.

The most in-depth study on L1 Estonian pronunciation of L2 English plosive consonants
was carried out by Hallaste (2008), where she conducted a contrastive analysis of high-school
students’ production of English plosives in terms of aspiration, voicing, and place of
articulation. The author used mainly auditory analysis through listening and interpretation of
the subjects’ pronunciation (Hallaste 2008: 47). The study found that only 33% of voiceless
plosives were produced as intended and 27% were weakly aspirated (Hallaste 2008: 66). Most
students displayed a weak aspiration and the students who produced the studied phonemes
without aspiration, produced them with voicing (Hallaste 2008: 66—67). In terms of voicing,
the percentage of properly voiced consonants was 44%, although the voicing was inconsistent
(Hallaste 2008: 67). Hallaste (2008: 73) summarizes that voicing was the least difficult aspect
of pronunciation, although less than 44% of the phonemes were produced with correct voicing.
Only a third of the aspirated phonemes were produced correctly (Hallaste 2008: 72). Hallaste
(2008: 72—73) concludes that 12™" grade students studying English as their A-language in 2008
could not accurately produce the different English phonemes in terms of aspiration and voicing.

The most recent study on L2 English pronunciation by L1 Estonian learners was
conducted by Ader & Miljan (2015). In addition to analyzing the pronunciation mistakes of two
age groups, the study also analyzed the effects of L1 phonological features on L2 pronunciation.
The informants’ pronunciation was analyzed with the help of a native speaker of British English
hinting at auditory analysis being implemented. In the case of aspirated voiceless plosives, Ader
& Miljan (2015: 28) found that the subjects left them unaspirated, and they were produced as

L1 Estonian sounds. For example, from the younger group of participants with an average age
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of 20.5 years, 67% pronounced /k/, and 63% pronounced /p/ without aspiration, but only 13%
produced /t/ without aspiration. The study also found that some voiced plosives /g/, /b/ and /d/
were produced as aspirated, which is not a characteristic of Estonian nor English (Ader &
Miljan 2015: 25-28).

Although many instruction manuals for L1 Estonian learners of English (e.g., Mutt
1978, Kostabi 2004) have emphasized the importance of aspirating (initial) voiceless plosives
when covering the topic of plosives, only two studies (Ader & Miljan 2015, Hallaste 2008)
have tackled the issue of aspirated plosives and have concluded that English plosives produced
by Estonian speakers has remained a difficult aspect. Despite this, Estonian speakers of English
have shown improvement towards more native-like pronunciation. For example, Asu (1999)
reported a strong accent amongst first-year students of English language and literature in higher
education in 1997. In contrast, Ader & Miljan’s (2015) findings reported the younger group of
subjects exhibiting less L1 interference than the group of middle-aged subjects. More native-
like pronunciation is explained by an earlier onset of learning and exposure to natural
communication in the target language via English speaking media (Ader & Miljan 2015).
Kuppens (2010) adds that better general language skills amongst young EFL learners might be
explained by positive attitudes towards English due to their association with leisure activities.
In terms of variety, Ader & Miljan (2015) concluded that the American variety was especially
present in younger subjects because of American TV shows and the US film industry. Despite
a trend of more native-like pronunciation amongst Estonian and other EFL learners, Stolten (et
al. 2015) found that native-like L2 plosive production (in terms of VOT) was difficult to obtain
even when being perceived as NS by other native speakers. It is important to add that the study
was conducted on L1 Spanish (unaspirated plosives) production of L2 Swedish (aspirated)

plosives (Stolten et al. 2015: 71).

To summarize this literature review, there are significant differences between Estonian
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and English plosives in terms of voicing/voiceless and lenis/fortis contrasts, the most significant
being the aspiration and voiced distinction not being realized in the Estonian sound system.
Many previous acoustic cross-language studies have used mainly VOT as a measurement to
provide detailed information about voicing and aspiration. While Estonian English
pronunciation has improved (Ader & Miljan 2015), little attention has been given to Estonian
pronunciation of voiceless aspirated plosives (Hallaste 2008, Ader & Miljan 2015) and it has

received no acoustic attention.
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2. ANALYSIS OF UPPER SECONDARY SCHOOL STUDENTS
ASPIRATION OF VOICELESS PLOSIVES

The aim of the second main section of this thesis is to first explain the methodology
used for this study, the selection of participants, the principles of compiling the language
background questionnaire, the compilation of the speech test, the tools for the acoustic analysis,
and the parameters by which the presence of aspiration was determined. The section will then

focus on the results of the analysis of the students’ recordings and present the findings.

2.1. Selection of participants

The participants in the study consisted of six adult students studying in upper secondary
school. The criteria for the subjects that participated in this study included being at least 18
years of age, being a native speaker of Estonian, being a student in upper secondary school and,
studying English as a B1 or a B2 language. According to the Council of Europe (2001: 74), a
person that has reached B2 level in a foreign language should be able to “interact with a degree
of fluency and spontaneity that makes regular interaction, and sustained relationships with
native speakers quite possible without imposing strain on either party. /.../”, meaning the
student should have acquired a level of pronunciation proficiency to be able to be intelligible
to both NNS and NS.

The participants were six upper secondary school students. Five of the students were in
their last year of upper secondary school (12" grade) and one student was in the second year of
upper secondary school (11" grade). The mean age of the participants was 18.33 years ranging
from 18 to 19. The participants were acquired through both formal and informal channels. Four
participants were recruited through a representative in a school who agreed to recruit students
for this study. Two participants were acquired through convenience sampling that took part in
the study based on their proximity to the author. Since the number of participants in this study

is small, acquiring participants through formal and informal channels can give a broadened
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overview of Estonian students’ pronunciation. The author suspects that the students who agreed
to participate through the formal channel agreed to do so due to being confident in their English-
speaking ability. The students who participated due to being affiliated with the author might
not be as confident in their pronunciation but still agreed to participate. This gave an opportunity
to test the pronunciation of students that might not be as confident in their pronunciation.

To ensure the anonymity of the participants in this study, the students were given a code,
which consisted of S (short for student) and a number based on the order of their participation
in the pronunciation test. Therefore, the participants in this study will be referred to as S#1,

S#2, S#3, S#4, S#5, and S#6 based on the order of participation.

2.2. Language background questionnaire

The questionnaire was designed to determine the students’ language learning
background and their attitudes towards English pronunciation. The students were asked to state
their age, gender, and the grade they were currently in. Questions 1-2 focused on the students’
language background in English, asking when they started formally learning English and how
good their self-reported proficiency in English was. Questions 3-5 aimed to determine how
often and where the students report using English the most and to assess their pronunciation
proficiency. Question 6 asked what variety of English the students report using the most
(American, British, or other). Questions 7-8 focused on whether the students had received
pronunciation instructions in school. Questions 9-10 asked the students whether they strive for
a native-like pronunciation while speaking English and whether they think other English
speakers should strive for a native-like English pronunciation. Question 11 asked the students
to describe the most important aspect to them when speaking English.

The background questionnaire revealed that five subjects out of six subjects were in
their last year of upper-secondary school (i.e., 12" grade) and one (S#2) was a second-year

upper-secondary (i.e., 11" grade) student. All the participants in this study were female.
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As for the students’ English learning background (Q1), three students started formal
English lessons in the first education level (grades 1-3)* , S#1 started formal English education
in the second level of primary education (grades 4-6), and S#5 started formal English education
in kindergarten. Regarding pronunciation teaching in school (Q7), two students (S#1 and S#3)
were taught in detail how to pronounce different phonemes. Two students (S#2 and S#6) report
being taught sounds that do not appear in the Estonian sound system, and two students (S#4
and S#5) report being corrected when pronunciation was unintelligible.

Self-reported proficiency (Q2) revealed that four participants assessed their proficiency
as “very good”. One of the participants (S#6) reported their English proficiency as being
“good”, and one (S#2) reported their proficiency as “satisfying”. When assessing pronunciation
skills (Q5), only S#1 reported her pronunciation skills as being “very good”. Four students
reported their pronunciation as being “good”. Only S#2 reported their pronunciation as being
“satisfying”.

When it comes to variety (Q6), half of the students reported using BrE, two students
(S#2 and S#6) reported opting for AmE variety, and one student (S#4) reported not focusing on
any variety.

When asked about personal pronunciation goals (Q9), three (S#1, S#4, and S#5)
students said that correct pronunciation was important to them. The other three students (S#2,
S#3, and S#6) said that correct pronunciation was not that important to them. When inquiring
about the students’ general view on L2 spoken English and accent (Q10), the majority (S#1,
S#2, S#3, S#5, S#6) agreed that strictly sticking to the pronunciation customs was not as

important, but correct pronunciation was something an L2 English speaker should strive

! The education levels in the Estonian education system are classified as follows:
I education level (grades 1-3)

Il education level (grades 4—6)

I11 education level (grades 7-9)

Upper secondary education (grades 10-12)
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towards. Only one student (S#4) thought that correct pronunciation was something an L2
speaker of English should use.

The last question (Q11) was an open-ended question asking the students to state their
most important aspects while speaking English. Four students mentioned (mutual) intelligibility
in some capacity. S#1 added that she wished to be thought of as a native speaker based on her
pronunciation. S#4 mentioned using a wide range of vocabulary as her focus when speaking
English, and S#6 highlighted correct grammar and sentence structure as important to her while

speaking English.

2.3. Pronunciation test

The pronunciation test included testing the three voiceless aspirated plosives /p t k/ as
well as the three voiced plosives /b d g/ in English. Three words were selected for each of the
three voiced and voiceless English plosives. There were 18 main words altogether. The test also
included 18 filler words to distract the subjects. The test included three warm-up words which
were presented before the actual test to allow for the subjects to get accustomed to the test
format. In summation, the test included 18 main words, 18 filler words, and three warmup
words, 39 words altogether. The four types of words and their purpose can be summarized as:

i. three warm-up words at the beginning of the test so the subjects could get
acquainted with the format of the test;

ii.  words intended to test the pronunciation of voiceless plosives and aspiration;

iii.  words including the pronunciation of voiced plosives;

iv.  filler words to distract the subjects from figuring out the target words;
The words with the targeted phoneme were repeated at least three times to get an accurate
representation of the subjects’ pronunciation of the plosive. The 18 filler words were also
repeated 3 times each.

The words for the pronunciation test were selected based on the criteria for aspirated



25

plosives described in Ogden (2009) and Roach (2000): word-initial position preceding a vowel
in a stressed syllable. The words employed in the pronunciation test are presented in Table 2.

Table 2. Table 2. Words used in the pronunciation test according to phoneme.

K’/ 1) Cat /keet/

2) Kite /kart/

3) Cup /kap/

p’l 4) Pig /pig/

5) Pear /pear/;/per/

6) Pan /p&n/

e/ 7) Tiger /'targa(r)/

8) Teabag /'ti:bag/
9) Toy /tor/ - mid, long
g/ 10) Goat /gaut/; /gout/
11) Ghost /gaust/; /goust/
12) Galaxy /'gealoksi/

/bl 13) Ball /bo:1/; /ba:l/
14) Banana /ba'na:na/; /ba’'naena/
15) Book /buk/

/d/ 16) Dog /da:g/; /dpg/

17) Deer /dior/; /dir/
18) Diamond /' daromond/

Each word was represented with three separate images in the pronunciation test (111 images
altogether, including the warmup words). These images were mostly acquired from two free
photography websites called Unsplash and Pixabay, though some personal photographs were
also included. All the images had the targeted word spelled out on the images to avoid
confusion. The pronunciation test was first compiled via PowerPoint presentation, since it had
the appropriate editing software to display the spelling of the word on the image. The
pronunciation test was then compiled by taking screenshot images of the PowerPoint slides to
then use in the free recording software program Speech Recorder BAS developed by the
Bavarian Archive for Speech Signals at Ludwig Maximilian University (Ludwig Maximillian
University n.d.), which is the standard software used in the phonetics lab at the University of
Tartu. Speech Recorder BAS allows for a smooth and sufficient speech recording process and
later acoustic analysis. The targeted words were embedded in a carrier phrase | canseea

so that the targeted word could be preceded by a vowel sound. Having the aspirated plosives
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following a vowel allows for a more sufficient acoustic analysis, since the repeating wave
pattern of the vowel is easily distinguishable from the silence of the closing and hold phases of
the following plosive. The vowel creates a clear barrier between the previous phoneme and the
burst noise of the plosive.

The final pronunciation test was piloted on one person. The pilot test subject was asked
to comment on the clarity of the instructions and images. After piloting the test some changes
were made regarding the clarity of the instructions and some images considered ambiguous or
confusing were changed. Piloting the pronunciation test also provided information about the
approximate duration the test might take, which was 6 minutes and 18 seconds for the final
version.

The pronunciation test was conducted in the phonetics lab run by the Institute of
Estonian and General Linguistics at Lossi 3, Tartu. The participants were first asked to fill out
the language background questionnaire and were then briefed on the nature of the pronunciation
test. The students were then led to the recording booth of the phonetics lab and given
instructions by the author. The students were instructed to say in English what they see on the
image by using the sentence “I can see a __” with each image and were given an example
sentence. The students were also instructed not to rush and to try and keep a level tone
throughout the carrier phrase. Then the signals of the program were explained, and the students
were instructed not to start speaking until the signal turned green, since only then did the
program start recording. The images were changed by the author in the control room during the
test and the students only saw the speaker window on their computer (see Appendix 2). The
students were first shown three images as a warmup task and asked if they had any questions
about the test during the break. The pronunciation test commenced after the break. The first
pronunciation test was conducted under the supervision of a research fellow in the phonetics

lab.
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2.4. Methods of acoustic analysis of the speech samples

A combination of auditory and acoustic analysis was implemented, i.e., a combination
of listening, waveform, and spectrogram analysis. The main focus was on acoustic analysis.
The speech was analyzed using the program called PRAAT. PRAAT is a free software
application created by Paul Boersma and David Weenink, designed for speech analysis through
spectrogram and waveform (Boersma & Weenink n.d.). Version 6.3.08 of PRAAT was used to
conduct the analysis.

The presence of aspiration was determined by the presence of two criteria: an
appropriate VOT measurement and the presence of aspiration noise on waveform and
spectrogram. The VOT measurements on waveform and spectrogram were taken according to
the acoustic parameters described in Lisker & Abramson (1964), Klatt (1975), and Ogden
(2009). VOT measurement borders were mainly determined by analyzing the waveform. Lisker
& Abramson (1964: 389) marked VOT as the time interval between the release of the stop and
the onset of voicing, which is represented by a periodic sound, i.e., a repeating wave pattern
(Ogden 2009: 34). Therefore, on the waveform, the borders of VOT measurements will be
determined by a sudden burst of sound on the waveform, and the beginning of voicing were
determined by the appearance of a repeating wave pattern. On the spectrogram, the burst release
is indicated by the appearance of a dark vertical strip and the beginning of voicing is indicated
by the appearance of the voice bar, which is a dark horizontal strip appearing at the bottom of
a spectrogram at low frequencies indicative of voicing (Fulop & Disner 2011: 2). The shortest
VOT measurements of aspirated plosives in English described by Lisker & Abramson (1964:
410-411) depicted in Table 1 were used as an indicator of whether there was enough time for
the speaker to display appropriate aspiration. These measurements were 28 ms, 37 ms, and 43
ms for /p t k/, respectively (Lisker & Abramson 1964). If the VOT values lie in the preferred

time-range, the presence of aspiration was determined by the presence of an aperiodic wave on
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the waveform described in Ogden (2009) and Johnson (2003). Aspiration on the spectrogram
was determined by the absence of the voicing bar described in Lisker & Abramson (1964) and
Klatt (1975). The final decision on aspiration was concluded via listening. The PRAT program
has the option of playing a selected part of the recording. After VOT borders were marked, the
VOT section was played and listened to detect if there was a puff of audible air after the release
of the plosive.

Image 1 below is a magnified sample of the aperiodic aspiration noise on the waveform.
The amplitude of aspiration may vary depending on the subject and the place of articulation of

the plosive.
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Image 1. Magnified sample of the aperiodic aspiration noise on the waveform.

Image 2 and Image 3 show S#5’s pronunciation of the words teabag and pig. The
vertical strip across the waveform and spectrogram highlighted with a red hue indicates the
VOT measurement, including the period of aspiration. Note that the amplitude in the aspiration
noise in Image 3 is not as strong as in Image 2 but is still considered as aspirated.
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Image 2. Sample of S#5’s pronunciation of the word teabag.
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Image 3. Sample of S#5’s pronunciation of the word pig.

2.5. Results of the acoustic analysis of the students’ speech samples

The following section focuses on analyzing the VOT and aspiration of the subjects’
speech samples by comparing those findings to the VOT values of native speakers presented in
Lisker & Abramson (1964) and detecting the presence of aspiration noise on waveform and
spectrogram. The instances of voiceless plosives (27 instances per subject, 162 instances across
all six participants) were divided into three categories based on VOT and aspiration: (1)
instances where VOT values were sufficient, and aspiration was detected; (2) instances where
VOT values were shorter than the shortest values presented by Lisker & Abramson (1964), but
could be considered as aspirated; (3) and instances where plosives were produced as lenis
plosives according to VOT (and the absence of aspiration noise). The second (2) category of
shorter VOT measurement results will be referred to as having “shorter” aspiration by the
standards set for this thesis. It must be noted that this thesis does not consider speaking rate and
compares VOT of aspirated plosives to previous studies. It would be ideal if recordings of native
speakers undergoing the same pronunciation test in the exact same conditions as the L2
Estonian students were available since the length of this pronunciation test might produce even

shorter results than that of Lisker & Abramson (1964). Therefore, marking the results as having
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“shorter” VOT might not be entirely accurate, especially considering that the results in Lisker
& Abramson (1964) were the mean values of four speakers. Despite this, it is trusted that the
measurements provided by Lisker & Abramson (1964) accurately represent VOT and aspiration
in the English language in running speech.

The quantitative data regarding the students’ VOT values are summarized in Table 3,
which represents whether the instances of aspirated plosives surpass the native VOT threshold
per student. Note that there were 27 instances per student.

Table 3. Sufficient and insufficient instances of VOT values per student.

Student | Instances with Instances with Percentage of

insufficient appropriate insufficient VOT
VOT values VOT values values

S#l 7 20 25.9%

S#2 3 24 11.1%

S#3 0 27 0%

S#4 0 27 0%

S#5 0 27 0%

S#5 0 27 0%

Due to the small number of participants in this thesis, the results should be discussed
individually. Regarding VOT measurements, out of 162 instances of aspirated plosives across
six subjects, there were 10 instances where VOT measurements were considered too short
compared to those of native speakers. All these instances appeared in the pronunciation of two
subjects: S#1 and S#2. The rest of the four subjects had sufficient VOT values and present
aspiration noise.

In the case of S#1, 7 out of the 27 instances of voiceless aspirated plosives were
produced with a shorter VOT. The insufficient VOT values appeared in /p/ and /k/ plosives,
where VOT values were shorter than native VOT values, yet aspiration noise was present on
the waveform. The second instance of /p/ in the word pig and the second instance in the word

pan was produced with a shorter VOT, which did not affect the mean value of the three
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instances in either word. In the case of /k/, the first instance of the word cat and the third instance
of the word kite had shorter VOT values; however, the mean values remained sufficient. In the
instances mentioned above, the VOT values were a maximum of 4 ms shorter than those
mentioned in Table 1 set as the VOT threshold. Therefore, the shorter VOT might not be as
significant. To summarize, aspiration noise was present in the instances with shorter VOT
values, and the plosives were produced as aspirated voiceless plosives. A more significant
difference in VOT appeared in the case of S#1’s pronunciation of the word cup, where all three
instances had a shorter VOT value than the standard native VOT mentioned in Table 1. The
mean VOT value in the word cup was 34 ms, which is 9 ms shorter than the average native
VOT value of 43 ms. Despite this, aspiration noise was present. To summarize, all 7 instances
of plosives with shorter VOT in S#1’s pronunciation had aspiration present, meaning they
belong in category (2). The following table (Table 4) shows the VOT values of S#1. The mean
value for S#1’s plosive /k/ came out to be 42.2 ms, which is 0.8 ms shorter than the native 43
ms native average. Compared to the results of S#1’s background questionnaire, S#1 assessed
her English speaking and pronunciation (Q2 and Q5) as “very good”. Although 25.9% of S#1°s
instances of aspirated plosives belong in category (2), all the instances of aspirated plosives
were still produced with aspiration, although with shorter aspiration. S#1°s VOT values are
presented in Table 4. The green hue indicates that VOT values surpass native VOT values, and
the orange hue indicates shorter VOT values than those by native speakers. The last column of

the table indicates the deviation from the mean VOT values of native speakers.



Table 4. VOT values and mean values of voiceless plosives of S#1.
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Plosive p’ Instance 1 Instance 2 Instance 3 Mean Deviation
Pig 35 ms 25 ms X 28 ms 29.3 ms 1.3 ms
Pear 51 ms 48 ms 34 ms 44.3 ms 16.3 ms
Pan 46 ms 24 ms X 30 ms 33.3ms 5.3 ms
Plosive t’ Instance 1 Instance 2 Instance 3 Mean Deviation
Tiger 60 ms 62 ms 43 ms 55 ms 18 ms
Teabag 78 ms 84 ms 76 ms 79.3 ms 51.3ms
Toy 77 ms 38 ms 64 ms 59.7 ms 22.7 ms
Plosive k’ Instance 1 Instance 2 Instance 3 Mean Deviation
Cat 40 ms X 53 ms 46 ms 46.3 ms 3.3 ms
Kite 44 ms 54 ms 41 ms X 46.3 ms 3.3 ms
Cup 36 ms X 34 ms X 32 ms X 34 ms X -9 ms

In the case of S#2, 3 instances out of 27 were produced with a shorter VOT value. The
first instance of the word pear was produced with a VOT of 9 ms, which was too short for
aspiration to occur as it could not be detected. The VOT for English /b/ is 4 ms in non-initial
sentence positions and 7 ms in initial sentence positions (Lisker & Abramson 1964: 410, 411).
Despite being 2 ms longer than native English speaker VOT of voiced /b/, auditory analysis
concluded that this instance is considered an unaspirated voiced plosive, since 9 ms is too short
for aspiration. S#2 also had another peculiar instance of a short VOT in the second instance of
/t/ in the word tiger, which was produced with a VOT of 16 ms. The VOT for English /d/ is 9
ms in initial and 7 ms in non-initial positions (Lisker & Abramson 1964: 410, 411); therefore,
S#2 did not produce it necessarily as a voiced plosive. Despite this, the instance of /t/ was
produced with very weak aspiration (the VOT was too short to determine aspiration), and
auditory analysis would classify it as an unaspirated plosive, perhaps even a voiced plosive /d/.
These two instances of /p/ and /t/ are placed in category (3). Furthermore, the second instance
of /k/ in the word kite was produced with a smaller VOT, but aspiration noise was still present
and did not affect the mean value, being therefore placed in category (2). The following table

(Table 5) shows VOT values of S#2’s pronunciation. The green hue in Table 5 indicates
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appropriate VOT, the orange hue indicates a shorter VOT than the native average, and the dark
orange hue indicates plosives whose VOT was considered too short to be aspirated. This
information of S#2’s pronunciation can be compared to the information acquired from S#2’s
background questionnaire in which she assesses her level of English pronunciation and English-
speaking skills (Q2 and Q5) as “satisfying”. Despite this, only 11.1% of S#2’s VOT values

were insufficient, meaning 88.9% of the plosives were produced with sufficient VOT values.

Table 5. VOT values and mean values of voiceless plosives of S#2.

Plosive p> | Instance 1 Instance 2 Instance 3 Mean Deviation
Pig 45 ms 57 ms 53 ms 51.7 ms 23.7 ms
Pear 9ms X 43 ms 34 ms 28.7 ms 0.7 ms
Pan 77 ms 57 ms 64 ms 66 ms 38 ms
Plosive t' Instance 1 Instance 2 Instance 3 Mean Deviation
Tiger 52 ms 16 ms X 64 ms 44 ms 7ms
Teabag 80 ms 58 ms 64 ms 67.3 ms 30.3 ms
Toy 79 ms 72 ms 73 ms 74.7 ms 37.7ms
Plosive k' Instance 1 Instance 2 Instance 3 Mean Deviation
Cat 47 ms 63 ms 70 ms 60 ms 17 ms
Kite 65 ms 39 ms X 61 ms 55 ms 12 ms
Cup 57 ms 59 ms 43 ms 53 ms 10 ms

Despite some shortcomings in terms of VOT values in S#1 and S#2’s VOT values, the
differences between the two students’ mean VOT values and native average VOT values
suggest that they are capable of appropriately producing English aspirated plosives. In many
cases S#1 and S#2’s VOT are close to the measurements observed in Klatt (1975) where the
use of the carrier phrase was similar to that used in the current thesis. These measurements were
47 ms, 65 ms, and 70 ms for /p t k/, respectively.

Therefore, 152 instances out of 162 instances of aspirated plosives were produced with
the presence of aspiration and sufficient VOT values, meaning that 93.8 % of plosives belong
in category (1) of appropriately aspirated plosives; 8 instances (4.9 %) were had a shorter VOT

value, but aspiration noise was present, belonging in category (2); and finally, two instances
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(1.2%) had a very short VOT and without aspiration, where they could be considered as a
voiced, and were placed in category (3). Despite 10 instances being placed in categories (2) and
(3), the majority of the mean VOT values per word (except for /k/ for S#1) as well as per
phoneme surpassed the appropriate VOT value threshold across all six students.

The mean values of all the students’ VOT per phoneme and native VOT values (in

isolated words and running speech) are summarized in Figure 1.

Students' VOT values compared to native speaker VOT values
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Figure 1. Students’ mean VOT values per plosive compared to the VOT values of native
speakers.

Figure 1 suggests that the native VOT values are usually the shortest for /p/ and the longest for
/k/, with /t/ lying in the middle. In the case of Estonian students’ VOT values, all the students
display the longest VOT values for /t/. In the case of S#5 and S#6, the VOT values for both /p/
and /t/ are longer than the VOT values for /k/. To better analyze the VOT values of the students,

Table 6 will summarize the students’ VOT values along with native VOT values.



Table 6. Students’ mean VOT values per plosive compared to the VOT values of native
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speakers
Student/plosive p'/ 'l K/

S#1 35.6 ms 64.7 ms 42.2 ms
S#2 48.8 ms 62 ms 56 ms
S#3 66.2 ms 82.8 ms 75.4 ms
S#4 60.8 ms 85.6 ms 70.4 ms
S#5 92.8 ms 103.4 ms 76.1 ms
S#6 81.2 ms 107.6 ms 68 ms

Native VOT (sentence) 28 ms 37 ms 43 ms

Native VOT (isolated) 58 ms 70 ms 80 ms

In Table 6, the yellow hue indicates the mean VOT values per phoneme, which surpassed the
minimal VOT value threshold in sentences but did not surpass the threshold of native VOT
values in isolated words. The blue hue indicates that the mean VOT value per phoneme has
surpassed the VOT value in isolated words from Lisker & Abramson (1964). S#1 and S#2 did
not surpass the isolated VOT threshold, and none of the students’ VOT values for /k/ surpassed
the isolated VOT threshold. However, S#3, S#4, S#5, and S#6 did pass the isolated VOT
threshold regarding /p/ and /t/. Especially high mean VOT values for /p/ and /t/ were recorded
in S#5 and S#6’s pronunciation. The mean value for /p/ for S#5 was 92.8 ms, which was 34.8
ms longer than the native average in isolated words, and the mean value for S#6 was 81.2 ms,
which was 23.2 ms higher than the native average. The VOT values were especially high for
/t/, which for S#5 was 103.4 ms, which was 33.4 ms higher than native average, and for S#6
was 107.5 ms, which was 37.5 ms higher than the native average. In summation, out of 18 mean
VOT values per phoneme across six students, 8 mean VOT values, meaning 44.4% of the mean

VOT values per phoneme surpassed the native average in isolated words.

2.6. Discussion of the findings

The results of the analysis show a high success rate of students’ aspiration of voiceless

plosives in terms of VOT values and presence of aperiodic aspiration noise, indicating that they
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can produce English aspiration. Hallaste’s (2008) thesis studying the pronunciation of 32
students’ aspiration of voiceless plosives found that only 33% of plosives were appropriately
aspirated, 27% were weakly aspirated, and 40% were left unaspirated. Ader & Miljan (2015:
27-28) found that the younger group of participants produced in 63% instances of /p/, 67%
instances of /k/, and 13% instances of /t/ without aspiration. Although the small number of
subjects in this thesis does not allow for drawing general conclusions, 93.8% of the plosive
instances being produced with appropriate aspiration could indicate that students performed
better in this study than the previous ones. Only 1.2% (2 instances produced by S#2) can be
considered unaspirated compared to Hallaste’s (2008) 40%. Despite the limitations of this
study, the students performed with 93.8% instances of plosives being appropriately aspirated
compared to the results of Hallaste’s (2008) 33% appropriately aspirated and 27% weakly
aspirated results.

These differences between this study and Hallaste’s (2008) and Ader & Miljan’s (2014)
study can be explained by a smaller number of participants, as well as differences in research
methods. Hallaste (2008) implemented mainly auditory analysis, dividing plosives into
aspirated, weakly aspirated, and unaspirated categories. Ader & Miljan (2014) implemented
auditory analysis with the help of a native speaker. The current thesis separates plosives into
aspirated, aspirated with a shorter VOT, and unaspirated plosive categories relying almost
solely on acoustic details in detecting aspiration in terms of VOT and the presence of aperiodic
noise. During the analysis of this thesis, it was noted that auditory analysis of the whole carrier
phrase, including the targeted word might categorize many instances of aspirated plosives as
“weakly aspirated”. Despite aspiration not being as audible in some cases, VOT and the
aperiodic noise did suggest that aspiration was present in all instances. The amplitude (or
loudness) of aspiration can vary from plosive to plosive depending on the place of articulation

and the speaker. However, this thesis does not account for the amplitude or loudness of the
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aspiration noise and did not make this distinction between “weaker” aspiration (in terms of
amplitude). Solely focusing on acoustic measurements can lead to such a contrast between this
study and previous studies. In turn, if Ader & Miljan’s (2015) and Hallaste’s (2008) studies had
implemented acoustic analysis, the results could be different depending on VOT values and the
presence of aspiration.

The mean VOT values presented in Table 6 show mostly appropriate VOT values for
English aspirated plosives (except for S#1’s value for /k/). Furthermore, two of the students’
mean VOT values (in the case of /p/ and /t/) surpassed those of native speakers in even isolated
words and the VOT values in Deterding & Nolan (2007: 387), which were 71.4 ms, and 80.4
ms for /p/ and /t/. High VOT measurements were recorded for /t/, which were higher than the
VOT measurements for /k/ in all the subjects. This can be somewhat correlated with the findings
in Ader & Miljan’s (2015: 27) study, where only 13% of /t/ instances were left unaspirated,
meaning students have displayed a smaller number of errors in the pronunciation of /t/ before.
In the case of two subjects (S#5 and S#6) the VOT measurement for /p/ surpassed even that of
/K.

These differences can be explained by the nature of the targeted words and the following
vowel. Klatt (1975) found that aspiration was longer before high vowels and shorter before
mid- and low vowels. Most of the targeted words with aspirated plosives were followed by mid
and low vowels, except in words pig and teabag. Furthermore, in the case of /t/, which had the
highest VOT values across all six students, the targeted words for /t/ were the only words
consisting of more than one syllable (teabag, tiger) one of which had a high long vowel
following the plosive (teabag) and the other had a diphthong following a plosive (tiger).
Although vowel length has not been mentioned as having an impact on the length of aspiration
(Klatt 1975: 694), the two syllables could mean that the students paid more attention to the

pronunciation of those two words, especially considering that the pronunciation of /t/ in teabag
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had the longest VOT measurement In S#1°s pronunciation. The other five subjects recorded the
highest VOT values for the word toy, which includes a long vowel and is the only monosyllabic
word ending with a vowel. Additionally, vowel height can also explain S#1’s short mean VOT
value for the word cup, where the plosive /k/ is followed by a short vowel and ends with a
voiceless plosive. Vowels are shortened preceding voiceless plosives (Roach 2000: 35). This
feature can be observed with other instances of S#1’s pronunciation of category (2) plosives,
such as cat, and kite (although it does not explain the short VOT value for pig and pan). Perhaps
vowel length can affect the speaking rate of the speaker, although there is no evidence to support
that claim. However, there seems to be a small correlation between the unaspirated plosives by
S#2 between shorter aspiration and the following mid- and low vowels in the words pear and
tiger.

The unusually high VOT values can be explained by hypercorrection, which was also
mentioned in the production of voiced plosives by Ader & Miljan (2015). According to Crystal
(2008: 232), hypercorrection in second language pronunciation is a term used to describe a
phenomenon that takes place when a speaker “over corrects” in pursuit of correct pronunciation
and goes beyond the norm set by native speakers. These “overproduced” aspects might not even
appear in the native language of the speaker, in which case perfectly suits the aspiration
difference between Estonian and English. The findings of Eckman (et al. 2013) suggest that
hypercorrection is indicative of a more advanced stage of second language acquisition.
Hypercorrection could be explained by the students’ English learning background: three of the
students that surpassed the native isolated VOT average started formal English education in the
first education level, and one started in kindergarten. However, all of those students reported
their English pronunciation skills as being “good”, but the meaning of “good” pronunciation
can vary from person to person.

In conclusion, the 93% success rate suggests that the students did well in the
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pronunciation test. Nevertheless, comparison to previous research in the pronunciation of
English plosives by Estonian learners (Hallaste 2008, Ader & Miljan 2015) suggests that there
Is a gap between research methods. Implementing acoustic and auditory analysis to the full
extent could better detect if Estonian learners of English can appropriately aspirate English
plosives. Therefore, the issue with L1 Estonian production of L2 English plosives is not the
length of the plosive, but rather the volume of the aspiration. Some of the shortcomings of this
thesis include the small number of participants and the absence of native speakers participating
in this study to provide material for comparison. If the methodology includes measuring VOT
values, the speaking rate could be neutralized by implementing the method suggested by Stolten
(et al. 2015) of comparing VOT percentages from the duration of the whole word instead of
just comparing VOT values. Therefore, the author of this thesis has some suggestions regarding
future research into the topic of English plosive by Estonian EFL students. Firstly, acoustic and
auditory analysis should be used to the full extent to figure out which specific features of
English aspirated plosives Estonian students struggle with. Including native speakers in a
pronunciation test would ensure appropriate material for comparison. Furthermore, looking
deeper into the aspect of hypercorrection could explain abnormally high VOT values in future
research. Finally, it would also be beneficial to test aspirated plosives by Estonian speakers in

both sentences and isolated words.
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CONCLUSION

The aim of this thesis was to investigate L1 Estonian students’ pronunciation of
English voiceless aspirated plosives /p t k/ via acoustic analysis. The motivation for
conducting the study is results from aspiration being one of the features Jenkins (2000)
includes in her list of pronunciation features necessary for mutual intelligibility. Moreover,
aspiration is not present in the Estonian sound system (Asu et al 2016) and does not realize
the voiced plosives /b d g/.

The pronunciation test was conducted on six Estonian students in upper secondary
school (five students in 12" grade and one in 11" grade). The pronunciation test includes
testing the three voiceless plosives in aspirated contexts, including three words per plosive
which were repeated three times each. Therefore, there were 27 instances of aspirated plosives
per student, 162 instances across six students. The acoustic analysis included comparing the
VOT values of English plosives provided by the Estonian students to the VOT values of native
English speakers provided by Lisker & Abramson (1964) and detecting the presence of
aspiration. The results were divided into three categories: (1) instances of plosives with
appropriate VOT values and aspiration; (2) instances of plosives with insufficient VOT values
that still had aspiration noise present; and (3) instances of plosives with insufficient VOT
values which were too short for aspiration.

Previous studies on plosives in English and other languages have shown VOT
measurements used in many different contexts, such as comparing voicing and aspiration in
different languages (Deterding & Nolan 2007, Shahidi & Rahim 2011, Abdelaal 2017), as well
as using VOT as a measurement of aspiration (Lisker & Abramson 1964, Kim 2012, Suarez
2013) in English and other languages. English VOT and aspiration has also been studied
extensively (Lisker & Abramson 1964, Klatt 1975). The production of English voiceless

aspirated plosives produced by Estonian EFL learners has only been studied via auditory
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analysis by Hallaste (2008) and Ader & Miljan (2015). Hallaste (2008) found that only 33%
of plosives were aspirated, 27% were weakly aspirated, and 40% were unaspirated. Ader &
Miljan (2014) found that the younger group of participants produced /p/ in 63% of instances,
/Kl in 67% of instances, and /t/ in 13% of instances without aspiration.

Compared to previous studies, the current study found that 93.8% of plosives were
aspirated (category (1)), 4.9% were produced with shorter aspiration (category (2)), and only
1.2% were produced without aspiration and as voiced plosives (category (3)). The unaspirated
and voiced plosives appeared in the pronunciation instances of a single student, whose
background questionnaire revealed that she was not that confident in her English skills to begin
with. The acoustic analysis concludes that VOT values as well as the aspiration noise suggest
that Estonian EFL learners can pronounce English voiceless aspirated plosives and are aware
of the distinction between voiced and voiceless plosives. Furthermore, many of the mean
values per plosive surpassed the mean values in isolated words produced by native English
speakers. Especially high VOT values were recorded for /t/, which surpassed the VOT values
of /k/ in all six students. This can be explained by the nature of the targeted words as well as
by students displaying hypercorrection in their pronunciation. The results conclude that the
students can produce English voiceless plosives in terms of VOT values, but the author
suggests that further research is needed.

The suggestions for further research include testing native speakers alongside L2
speakers, a larger number of participants, implementing both acoustic and auditory analysis,

and testing plosives in both isolated words and connected speech.
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APPENDICES

Appendix 1 — Questionnaire
Kusimustik dpilastele enne konekatset

Olen Liis Antons ning kirjutan bakalaureuse t66d inglise keele hédédlduse teemal. Antud
kisimustik on mdeldud kdnekatses osalejatele enne katset taitmiseks. Kusimustiku eesmark on
teada saada, milline on Teie inglise keele 6pingute ja kdnelemise taust ning millised hoiakud
on Teil inglise keeles kdnelemise suhtes. Antud kusimustik on anoniiimne ning kisimustiku
andmeid kasutatakse koos kdnekatse tulemustega minu bakalaureuse t00s.

Kiisimustikus ,,Muu...* valikuvastuse juures voib julgelt enda kohta kéiva vastuse lisada!

Klass:

Vanus:

Sugu:

1. Millises kooliastmes Te inglise keelt dppima hakkasite?
o Lasteaed

o | kooliaste (1-3. klass)
o Il kooliaste (4-6. klass)
o Il kooliaste (7-9. klass)
o Gumnaasium
2. Teie enda hinnangul, kui hea on Teie inglise keele tase?
o Végahea
o Hea
o Rahuldav

o Mitterahuldav
3. Umbes kui tihti Te inglise keeles kbnelete?
o lgapaev
o Ule paeva
o Kaks korda nédalas
o Kord nadalas
o Harvem
4. Kus Te kdige rohkem inglise keelt kdnelete?
o Kaoolis inglise keele tundides
o Kodus perega
o SOpradega suheldes
o Muu:.........ooo
5. Teie enda hinnangul, kui hea on Teie inglise keele h&aldusoskus?
o Vaégahea
o Hea
o Rahuldav
o Mitterahuldav
6. Millist inglise keele h&alduse varianti Te kbige rohkem kasutate (Ameerika h&éldus, Briti
hééaldus, jne.)?
o Ameerika haaldust
o Briti haéldust
o Otseselt ei keskendu thelegi hadldusvariandile
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o Muu:......ooiiiii
Kas Teile on koolis Gpetatud inglise keele hadldust?
o Jah, meile Gpetati detailselt kuidas erinevaid haélikuid haaldada
o Meile Opetati eelkdige h&alikuid, mida eesti keele haélduses ei esine
o Pigem mitte, dpetaja parandas kui haaldus oli arusaamatu, kuid haaldusele pandi vahe
rohku
o Ei, mulle pole koolis inglise keele haaldust Gpetatud
O Muu: ...
Kui Teile on koolis inglise keele haaldust 6petatud, siis millises kooliastmes (valige ks voi
mitu)?
o Lasteaed
I kooliaste (1-3. klass)
Il kooliaste (4-6. klass)
I11 kooliaste (7-9. klass)
Gumnaasium
Ei dpetatud koolis haaldust
O MUU: L
Kui Te inglise keeles kdnelete, kas Te pdorate tahelepanu inglise keele korrektsele hdaldusele
(st. inglise keele haaldusnormidest kinni pidamist, aktsendi véltimine, jne.)?
o Jah, dige haéldus on minu jaoks oluline
o Enam-vdhem, inglise keele dige haaldus ei ole minu jaoks kuigi téhtis
o Ei, 6ige haaldus ei ole inglise keelt rd&kides minu jaoks tldse oluline
Kas Teie arvates peaksid inglise keelt dppivad ja kdnelevad inimesed haaldusnormidest kinni
pidama?
o Jah, inglise keele kasutajad peaksid kasutama v&imalikult korrektset haaldust
o Otseselt mitte, kuid korrektse h&alduse poole voiks plrgida
o Ei, oluline on arusaadavus
O MUl oo

O O O O O

. Mis on Teie jaoks inglise keeles konelemisel oluline?

Tanan vastuste eest!
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Appendix 2 — Sample screenshot of the speaker window in Speech Recorder BAS

Appendix 3 — Students’ VOT values summarized in tables

S#1

Plosive p' Instance 1 Instance 2 Instance 3 Mean Plosive mean
Pig 0.035s 0.025s X 0.028 s 29.3 ms 35.6 ms

Pear 0.051s 0.048 s 0.034 s 44.3 ms

Pan 0.046 s 0.024 s X 0.030 s 33.3ms

Plosive t’ Instance 1 Instance 2 Instance 3 Mean Plosive mean:
Tiger 0.060 s 0.062 s 0.043 s 55 ms 64.7 ms
Teabag 0.078 s 0.084 s 0.076 s 79.3ms

Toy 0.077 s 0.038 s 0.064 s 59.7 ms

Plosive k’ I#1 1#2 1#3 Mean Plosive mean:
Cat 0.040 s X 0.053 s 0.046 s 46.3 ms 42.2 ms

Kite 0.044 s 0.054 s 0.041 s X 46.3 ms

Cup 0.036 s X 0.034s X 0.032s X 34 ms X

S#2

Plosive p’ Instance 1 Instance 2 Instance 3 Mean Plosive mean:
Pig 0.045 s 0.057 s 0.053 s 51.7 ms 48.8 ms

Pear 0.043 s 0.034 s 28.7 ms

Pan 0.077 s 0.057 s 0.064 s 66 ms

Plosive t' Instance 1 Instance 2 Instance 3 Mean Plosive mean:
Tiger 0.052 s 0.064 s 44 ms 62 ms

Teabag 0.080 s 0.058 s 0.064 s 67.3 ms

Toy 0.079 s 0.072 s 0.073 s 74.7 ms

Plosive k’ Instance 1 Instance 2 Instance 3 Mean Plosive mean:
Cat 0.047 s 0.063 s 0.070 s 60 ms 56 ms

Kite 0.065 s 0.039 s X 0.061 s 55 ms

Cup 0.057 s 0.059 s 0.043 s 53 ms

| s#3
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Plosive p’ Instance 1 Instance 2 Instance 3 Mean Plosive mean:
Pig 0.039 s 0.075s 0.052 s 55.3 ms 66.2 ms

Pear 0.060 s 0.076 s 0.078 s 71.3 ms

Pan 0.083 s 0.052 s 0.081s 72 ms

Plosive t' Instance 1 Instance 2 Instance 3 Mean Plosive mean:
Tiger 0.084 s 0.081 s 0.071s 78.7 ms 82.8 ms
Teabag 0.064 s 0.081 s 0.085 s 76.7 ms

Toy 0.103 s 0.087 s 0.089's 93 ms

Plosive k' Instance 1 Instance 2 Instance 3 Mean Plosive mean:
Cat 0.050 s 0.062 s 0.063 s 58.3 ms 75.4 ms

Kite 0.084 s 0.088 s 0.083 s 85 ms

Cup 0.071s 0.081s 0.097 s 83 ms

S#H4

Plosive p’ Instance 1 Instance 2 Instance 3 Mean Plosive mean:
Pig 0.042 s 0.049 s 0.064 s 51.7 ms 60.8 ms

Pear 0.054 s 0.052 s 0.058 s 54.7 ms

Pan 0.068 s 0.066 s 0.094 s 76 ms

Plosive t' Instance 1 Instance 2 Instance 3 Mean Plosive mean:
Tiger 0.082 s 0.082 s 0.084 s 82.7 ms 85.6 ms
Teabag 0.080 s 0.076 s 0.071s 75.7 ms

Toy 0.108 s 0.094 s 0.093 s 98.3 ms

Plosive k' Instance 1 Instance 2 Instance 3 Mean Plosive mean:
Cat 0.077 s 0.072 s 0.070 s 73 ms 70.4 ms

Kite 0.079 s 0.077 s 0.083 s 79.7 ms

Cup 0.067 s 0.060 s 0.049 s 58.7 ms

S#5

Plosive p’ Instance 1 Instance 2 Instance 3 Mean Plosive mean:
Pig 0.095 s 0.086 s 0.097 s 92.7 ms 92.8 ms

Pear 0.104 s 0.094 s 0.099 s 99 ms

Pan 0.080 s 0.089 s 0.091s 86.7 ms

Plosive t' Instance 1 Instance 2 Instance 3 Mean Plosive mean:
Tiger 0.101s 0.102s 0.097 s 100 ms 103.4 ms
Teabag 0.093 s 0.097 s 0.095 s 95 ms

Toy 0.115s 0.123s 0.108 s 115.3 ms

Plosive k' Instance 1 Instance 2 Instance 3 Mean Plosive mean:
Cat 0.073 s 0.073 s 0.064 s 70 ms 76.1 ms

Kite 0.086 s 0.085s 0.086 s 85.7 ms

Cup 0.069 s 0.083 s 0.066 s 72.7 ms

S#6

Plosive p’ Instance 1 Instance 2 Instance 3 Mean Plosive mean:
Pig 0.052 s 0.071s 0.080 s 67.7ms 81.2 ms

Pear 0.064 s 0.096 s 0.100 s 86.7 ms

Pan 0.090 s 0.070 s 0.108 s 89.3 ms

Plosive t' Instance 1 Instance 2 Instance 3 Mean Plosive mean:
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Tiger 0.111s 0.082 s 0.099s 97.3 ms 107.6 ms
Teabag 0.107 s 0.106 s 0.106 s 106.3 ms

Toy 0.144 s 0.101s 0.112 s 119 ms

Plosive k' Instance 1 Instance 2 Instance 3 Mean Plosive mean:
Cat 0.064 s 0.050 s 0.094 s 69.3 ms 68 ms

Kite 0.091 s 0.058 s 0.065 s 71.3 ms

Cup 0.062 s 0.063 s 0.065 s 63.3 ms
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RESUMEE

TARTU ULIKOOL
ANGLISTIKA OSAKOND

Liis Antons
The Aspiration of Voiceless Plosives by Estonian Learners of English: A Case Study
Eesti inglise keele dppijate helitute klusiilide aspiratsiooni hdaldus: juhtumiuuring

Bakalaureusetdo
2023
Lehekilgede arv: 52

Annotatsioon:

Ké&esolev bakalaureusetdd uurib Eesti inglise keele Oppijate helitute Klusiilide
aspiratsiooni. T60 eesmaérk oli uurida kas ja kuidas Eesti inglise keele dpilased aspireerivad
inglise helituid klusiile. Aspiratsiooni testimiseks koostas t60 autor autorkdnekatse ja viis labi
akustilise analtisi. Kuna inglise keele helituid Klusiile on kuulmisanaliitsi p6hjal Hallaste
(2008) ja Aderi ja Miljani (2015) juba uurinud , sisaldas antud t66 metoodika spektrograafi ja
haalelaine anallitsi, mis mdatis Eesti Opilaste helilisusviivet (VOT) ja aspiratsiooni olemasolu.

TG0 sissejuhatus sdtestab t06 pohiprobleemi ning tutvustab pShimadisteid. Kirjanduse
Ulevaade selgitab lahti aspiratsiooni mdiste ja selle akustilisi parameetreid. Lisaks tutvustab
kirjanduse Ulevaade varasemaid uuringuid, mis késitlevad klusiilide haaldust ja aspiratsiooni
nii muudes keeltes kui ka Eesti keeles.

Analtitilise osa metoodika tutvustab kdnekatse ja taustakisimustiku koostamist ning
kdnekatses osalenud dpilaste varbamist ja varbamiskriteeriumeid. Metoodika osa seletab lahti
inglise aspiratsiooni uurimiseks kasutatud parameetreid, milleks oli sobiv helilisusviibe
md6tmistulemus ning aperioodilise aspiratsiooni olemasolu. Analulsi osa tutvustab kuue
keskkooli dpilase kdnekatse tulemusi ning diskussiooni osa vordleb neid tulemusi varasemate
tulemustega.

Iga Opilase kohta oli 27 aspireeritud helitute Klusiilide juhtumit ning kokku analudsiti
162 aspiratsioonijuhtumit. 162st aspiratsiooni juhtumist haéldati 152 (93.8%) Kklusiili
juhtumitest aspiratsiooniga. 8 (4.9%) juhtumit h&éldati lihema aspiratsiooniga ning vaid 2

juhtumit (1.2%) jaid aspireerimata ning haaldati heliliste klusiilidena.

Mérksdnad: inglise keele haaldus, vodrkeele haaldus, foneetika, akustiline anallds, klusiilid,
aspiratsioon, EFL konelejad
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