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Abstrak

Penelitian ini bertujnan untnk menginvestigasi karakteristik akustik pelafalan babasa Inggris oleh remaja melalni
parameter Voice Onset Time (V' OT). Secara khusus, penelitian ini menekankan analisis durasi 1OT pada konsonan
letup awal [p], [b], [t], [d], [k], dan [g] pada babasa Inggris. Penelitian menggunakan pendekatan kualitatif dengan
metode eksperimental. Data diperoleh melalui rekaman njaran kata-kata yang mengandung konsonan plosif dari
beberapa remaja. Rekaman kemudian didigitalkan menjadi format sound wave dan dianalisis menggunakan perangkat
lunak Praat melalui tabap digitalisasi, segmentasi data, dan pembuatan salinan kontur. Pendekatan ini memungkinkan
pengukuran nilai VOT untuk konsonan plosif secara akurat. Hasil analisis VOT menunjukkan variasi yang
signifikan antarindividu. Rata-rata nilai 1 OT untuk konsonan tak bersuara [p], [t], dan [k] masing-masing 46 ms,
82 mis, dan 49 ms, sedangkan konsonan bersuara [b], [d], dan [g] masing-masing 38 ms, -13 ms, dan 10 ms. Temnan
ini menunjukkan babwa siswa cenderung memproduksi konsonan tak bersuara dengan durasi VOT lebibh pendek
dibandingkan penutnr asli, sehingga terdengar mendekati konsonan bersuara.

Kata Kunci: Akustik, Konsonan Plosif, 1 vice Onset Time, Praat

Abstract

This research aims to investigate the acoustic characteristics of English pronunciation by teenagers
through the Voice Onset Time (VOT) parameter. Specifically, the research emphasizes the analysis of
VOT duration in initial plosive consonants [p], [b], [t], [d], [k], and [g] in English. The study employs a
quantitative approach with an experimental method. Data were collected through recordings of words
containing plosive consonants spoken by several teenagers. The recordings were then digitized into sound
wave format and analyzed using Praat software through stages of digitization, data segmentation, and
contour replication. This approach enables accurate measurement of VOT values for plosive consonants.
The VOT analysis results indicate significant variations between individuals. The average VOT values for
voiceless consonants [p], [t], and [k] are 46 ms, 82 ms, and 49 ms, respectively, while voiced consonants
[b], [d], and [g] have average VOT values of 38 ms, -13 ms, and 10 ms, respectively. These findings
suggest that the students tend to produce voiceless consonants with shorter VOT durations compared
to native speakers, making them sound closer to voiced consonants.

Keywords: Acoustic, Konsonan Plosive, Voice Onset Time, Praat

1. Introduction

In second language (L2) English learning, the mastery of vocabulary and grammar alone is
insufficient to guarantee successful oral communication. Accurate pronunciation plays an equally
critical role, as it directly affects speech intelligibility and listener comprehension. Learners who
possess adequate lexical and syntactic knowledge may still experience communication breakdowns
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if their pronunciation deviates significantly from target language norms. Consequently,
pronunciation has increasingly gained attention in applied linguistics, particularly through empirical
approaches that allow researchers to objectively examine speech production.

One of the most robust approaches to investigating pronunciation is acoustic phonetics, which
analyzes speech sounds based on their measurable physical properties, such as frequency, intensity,
and temporal duration. Unlike impressionistic phonetic analysis, acoustic analysis provides
quantifiable evidence of how sounds are produced and perceived. Within this framework, Voice
Onset Time (VOT) has emerged as a central parameter for examining stop consonants, as it
captures the temporal relationship between articulatory release and vocal fold vibration. VOT is
especially crucial in distinguishing voiced and voiceless plosives in many languages, including
English.

In phonetic classification, the consonants [p, b, t, d, k, g] are categorized as stop consonants
because their production involves a complete closure of the vocal tract that temporarily blocks the
airflow from the lungs. This closure is followed by a sudden release, producing a characteristic
burst of sound. The articulation of these stops requires precise coordination between different
articulators. For instance, velar stops [k] and [g] are produced when the back of the tongue makes
contact with the velum, with voicing added in the case of [g]. Based on such articulatory
mechanisms, English stop consonants are systematically classified according to their place of
articulation (POA) and manner of articulation (MOA), as illustrated in Table 1.1.

Table 1. English Consonant Plosive

POA
Bilabial Alveolar Velar
- voice P t k
MOA Stop
+ voice b d g

Source: Koffi (2021) Relevant Acoustic Phonetic of L2 English
Note:
POA  : Place Of Articulation
MOA  : Manner Of Articulation

Although this articulatory classification appears straightforward, its phonetic realization
particularly in terms of timing differs substantially across languages. This is where VOT becomes
a decisive acoustic marker. First introduced by Lisker and Abramson (1964), VOT refers to the
temporal interval between the release of a stop consonant and the onset of periodic vocal fold
vibration of the following vowel. This parameter has been widely adopted to differentiate voiced
and voiceless plosives in cross-linguistic phonetic research.

VOT is generally classified into three categories: negative VOT, where voicing begins before
the stop release (voicing lead); zero VOT, where voicing begins almost simultaneously with the
release; and positive VOT, where voicing begins after the release (voicing lag). Languages vary
considerably in how these categories are distributed. In General American English (GAE),
voiceless stops /p/, /t/, and /k/ are typically realized with long positive VOT due to aspiration,
whereas voiced stops /b/, /d/, and /g/ are characterized by short-lag or near-zero VOT (Flege,
1995).
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In contrast, Indonesian stop consonants generally exhibit shorter VOT values and lack the
strong aspiration found in English voiceless stops. As a result, Indonesian learners of English
frequently produce /p/, /t/, and /k/ with insufficient aspiration, causing these sounds to be
perceived as voiced or unnatural by native English listeners (Misnadin, 2016). This cross-linguistic
discrepancy underscores the importance of VOT as a critical source of pronunciation difficulty for
Indonesian EFL learners.

Despite the growing body of research on VOT in second language acquisition, several
significant gaps remain, particularly in the Indonesian context. Empirically, most existing studies
have focused on adult learners or university students, such as Misnadin’s (2016) investigation of
Madurese speakers and Rahmawati and Hidayat’s (2021) study involving university students in
Yogyakarta. These studies provide valuable insights into adult L2 phonetic acquisition but leave
younger learners underrepresented. Adolescents, especially high school students, constitute a
crucial population, as their phonological systems are still developing and may exhibit different
patterns of L1 interference and L2 adaptation.

Contextually, regional linguistic diversity in Indonesia has not been sufficiently explored in
VOT research. Binjai, North Sumatra, represents a linguistically rich environment influenced by
local dialects such as Melayu Deli and Batak. These dialects may introduce distinct phonetic timing
patterns that interact with English stop production in ways that differ from learners in Java or
Madura. However, to date, little empirical evidence has documented how such regional multilingual
settings affect English VOT realization among Indonesian teenagers.

Pedagogically, a further gap persists between phonetic research and classroom practice.
Although Indonesian learners’ difficulty with aspirated voiceless stops is well documented, English
teachers often lack access to objective, acoustically grounded instructional materials that could help
address these specific pronunciation problems. Without empirical acoustic data from relevant
learner populations, pronunciation teaching remains largely intuitive and impressionistic.

In response to these gaps, the present study investigates the production of English stop
consonants through VOT analysis among high school students in Binjai, North Sumatra. By
focusing on adolescent learners within a multilingual regional context, this study aims to contribute
empirical evidence to L.2 acoustic phonetics while simultaneously offering pedagogical implications
for pronunciation instruction grounded in objective phonetic analysis.

2. Method
2.1 Research Design

This study adopts a quantitative descriptive research design employing an acoustic-phonetic
experimental approach to investigate the production of English plosive consonants by Indonesian
teenage learners. While preliminary observations during data collection involved qualitative
monitoring of participants’ pronunciation behavior, the primary analytical framework of this study
is quantitative in nature. The core data consist of numerical measurements of Voice Onset Time
(VOT) expressed in milliseconds (ms), which allows for objective, replicable, and statistically
interpretable analysis.

The acoustic-phonetic method is particularly appropriate for this research because it enables
fine-grained measurement of temporal phonetic features that are not reliably observable through
auditory perception alone. By focusing on VOT values, this study aims to provide a precise
empitical description of how English plosive consonants (/p, t, k, b, d, g/) ate realized by high
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school students in Binjai, North Sumatra, and how these realizations diverge from established
General American English (GAE) norms.

2.2 Participants

The participants consisted of five high school students from Binjai, North Sumatra, who were
selected using a purposive sampling technique. This sampling method was employed to ensure that
all participants met specific inclusion criteria relevant to the research objectives. The criteria
included: (1) being active students at the high school level, (2) having Indonesian as their primary
language, (3) learning English as a second language (L2) in a formal educational setting, and (4)
having no reported speech or hearing impairments.

The relatively small number of participants was intentionally chosen to facilitate a focused
acoustic case analysis rather than broad generalization. In acoustic phonetics, detailed examination
of individual speech tokens is crucial for capturing subtle phonetic variations, such as micro-timing
differences in stop release and voicing onset. Larger sample sizes often obscure such individual
deviations through averaging. Therefore, this study prioritizes depth of phonetic analysis over
population-level generalizability, allowing for a high-resolution investigation of learner-specific
VOT patterns.

2.3 Instruments
1. Stimuli and Word List

To ensure phonetic control and minimize extraneous variables affecting VOT, a carefully
constructed word list was employed as the speech stimuli. The list consisted of six English
monosyllabic words containing word-initial plosive consonants in a CVC (Consonant—Vowel—
Consonant) syllable structure, namely: pan, box, tap, dog, kids, and go. These words were selected to
represent all six English stop consonants (/p, t, k, b, d, g/) in initial position, where VOT contrasts
are most salient and reliably measurable.

The vowel contexts following the target plosives were selected to maintain relative phonetic
consistency and reduce coarticulatory effects that could influence VOT duration. Additionally, all
target words carried primary lexical stress on the initial syllable, thereby eliminating variation caused
by stress-related temporal differences. Each participant was instructed to produce each target word
three to five times in a natural speaking rate. Multiple repetitions were necessary to enhance
measurement reliability and to allow the calculation of stable average VOT values for each

consonant.

2. Recording Environment and Technical Specifications

Data collection was conducted in a quiet and controlled recording environment to minimize
background noise and acoustic interference. Participants were seated comfortably and instructed
to speak clearly at a normal conversational volume. Speech samples were recorded using a high-
sensitivity directional microphone connected to a digital recording device. A consistent distance of
approximately 15-20 cm between the participant’s mouth and the microphone was maintained
throughout the recording session to prevent amplitude distortion and ensure uniform signal quality.

All recordings were captured at a sampling rate of 44,100 Hz with 16-bit resolution and saved
in a lossless .wav format. This configuration was selected to preserve high-frequency acoustic
information essential for accurate waveform and spectrographic analysis, particularly for
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identifying stop bursts and voicing onset. Prior to recording, participants were given brief practice
trials to familiarize themselves with the task and reduce performance anxiety.

3. Acoustic Analysis Software

The acoustic analysis was carried out using PRAAT software (version 5.3.77), a widely used
phonetic analysis program designed for detailed speech sound investigation (Durao, 2007). PRAAT
provides integrated tools for waveform visualization, spectrogram analysis, pitch tracking, and
temporal measurement, making it particularly suitable for VOT analysis.

After the recording process, each speech token was segmented and visualized in PRAAT. The
software enabled the researcher to generate high-resolution spectrograms displaying both low and
high frequency components of the speech signal. In addition to VOT measurement, PRAAT allows
for the analysis of intensity, duration, and formant structure; however, this study focused primarily
on temporal measurements relevant to stop consonant production.

2.4 Data Analysis Procedure

The digital audio recordings were analyzed following a systematic procedure. First, each token
containing a target plosive was isolated and labeled. VOT was measured as the temporal interval
between two acoustic landmarks: (1) the burst release, identified by a sudden spike in energy on
the waveform and a vertical burst on the spectrogram, and (2) the onset of voicing, marked by the
appearance of regular periodic waveforms and visible pitch striations.

All measurements were conducted manually using PRAAT’s cursor and time-display functions
to ensure precision. The resulting VOT values, expressed in milliseconds, were then classified into
Negative VOT, Zero VOT, or Positive VOT categories. Subsequently, the learners” VOT values
were compared to established General American English (GAE) reference values reported in
previous phonetic studies to identify patterns of deviation and potential first-language (L1)
interference.

To enhance reliability, repeated tokens were averaged for each participant and consonant
category. The analysis focused on identifying consistent tendencies in VOT realization rather than
isolated production errors, thereby providing a robust acoustic profile of English stop production
among teenage EFL learners in Binjai.

3. Results and Discussion

The analysis of Voice Onset Time (VOT) in six English word-initial stop consonants produced
by five teenagers in Binjai reveals significant variation and instability compared to General
American English (GAE) standards. The data indicates that the mean VOT values for voiceless
consonants [p], [t], and [k] are 46 ms, 82 ms, and 49 ms, respectively. In contrast, the voiced
consonants [b], [d], and [g] show mean values of 38 ms, -13 ms, and 10 ms, respectively.

In the voiceless consonant group, a clear tendency toward hyperaspiration was observed,
patticulatly for the phoneme /t/, which reached 82 ms, significantly exceeding the GAE standard
of 39 ms. Meanwhile, the voiced consonant group exhibited extreme instability, most notably in
the phoneme /b/, with values ranging from -147 ms to +173 ms. The mean VOT for /b/ (38 ms)
acoustically categorizes it as a voiceless unaspirated stop, indicating a failure to maintain consistent
voicing contrast.
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Table 2. Results of Voice Onset Time

Sample of Data

Partisipant

pan box Tap dog kids go
[p] [b] [t] [d] [k] [g]
Partisipant 1
47 ms -147 ms 82 ms -103 ms 22 ms 23 ms
Male
Partisipant 2
0 ms 37 ms 23 ms 39 ms 28 ms 60 ms
Female
Partisipant 3
40 ms 51 ms 70 ms 19 ms 69 ms 76 ms
Female
Partisipant 4
35 ms 173 ms 112 ms 21 ms 22 ms -157 ms
Female
Partisipant 5
109 ms 77 ms 121 ms 0 ms 103 ms 47 ms
Male
Rata-rata 46 ms 38 82 ms -13 ms 49 ms 10 ms
Lisker and
28 7/-45 39 9/-56 43 17/-45
Abramson (1964) ms /-45 ms ms /-56 ms ms /-45 ms

The acoustic analysis of Voice Onset Time (VOT) focused on six English word-initial stop
consonants (/p, b, t, d, k, g/) produced by five teenage learners in Binjai, North Sumatra. The
results reveal substantial variability both within and across participants, as well as notable deviations
from established General American English (GAE) reference values (Lisker & Abramson, 1964).

3.1 Overall V'OT Patterns

Table 3.1 summarizes the individual and mean VOT values (in milliseconds) for each target
consonant. For the voiceless stops, the mean VOT values were 46 ms for /p/, 82 ms for /t/, and
49 ms for /k/. These values indicate that, on average, participants produced longer VOT's than the
GAE norms for /p/ (28 ms) and /t/ (39 ms), while the value for /k/ (49 ms) slightly exceeded
the GAE standard of 43 ms.

In contrast, the voiced stops demonstrated highly inconsistent realizations. The mean VOT
values were 38 ms for /b/, =13 ms for /d/, and 10 ms for /g/. While /d/ and /g/ occasionally
exhibited negative or near-zero VOT, /b/ showed a predominantly positive VOT, acoustically
resembling a voiceless unaspirated stop rather than a voiced stop.

3.2 Voiceless Stop Consonants (/p, 1, k/)

The production of voiceless stops showed a general tendency toward over-aspiration,
patticularly for the alveolar stop /t/. The mean VOT for /t/ reached 82 ms, more than double the
GAE reference value. Individual data further illustrate this pattern, with some participants
producing /t/ with VOTs as high as 112 ms and 121 ms.

The bilabial stop /p/ also demonstrated variability, ranging from 0 ms (Participant 2) to 109
ms (Participant 5). Although some productions fell within or near the GAE range, others showed
exaggerated aspiration. Similarly, /k/ exhibited VOT values ranging from 22 ms to 103 ms,
indicating inconsistent control of aspiration duration.
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These findings suggest that while learners recognize voiceless stops as requiring aspiration,
they lack stable temporal boundaries, resulting in excessive and uneven aspiration across tokens.

3.3 Voiced Stop Consonants (/b, d, g/)

The voiced stop consonants exhibited greater instability than the voiceless stops. The most
striking case was the phoneme /b/, which showed an extreme range of VOT values from —147 ms
to +173 ms. Such a wide range indicates the absence of a consistent phonetic target. The mean
VOT of 38 ms places /b/ firmly in the positive VOT range, which acoustically aligns it with
voiceless stops rather than voiced ones.

The phoneme /d/ demonstrated relatively more negative VOT values, with a mean of —13
ms, though several productions still fell into zero or positive VOT territory. Similarly, /g/ showed
a mean VOT of 10 ms, reflecting short-lag or marginally positive VOT, with individual values
ranging from —157 ms to 76 ms.

Overall, the voiced consonants failed to maintain a stable voicing lead, resulting in overlap
between voiced and voiceless categories. This overlap indicates a breakdown in the phonetic
contrast that is essential for intelligibility in English.

The findings of this study demonstrate that teenage EFL learners in Binjai experience
persistent difficulty in producing stable Voice Onset Time (VOT) contrasts in English stop
consonants. Two dominant patterns emerge from the data: excessive aspiration in voiceless stops
and substantial instability in voiced stop production. These patterns indicate that learners have not
yet internalized the temporal phonetic boundaries that differentiate English voiced and voiceless
plosives, resulting in acoustic overlap that compromises phonemic contrast.

From a theoretical standpoint, these results strongly support Flege’s Speech Learning Model
(SLM) (1995), which posits that L2 learners struggle to form new phonetic categories when 1.2
sounds are perceived as similar to L1 categories. Indonesian stop consonants do not employ
aspiration as a phonemic feature, and voicing distinctions are not realized through systematic VOT
contrasts. Consequently, English voiceless stops /p, t, k/ are often perceived as equivalent to their
Indonesian counterparts, leading learners to rely on familiar L1 timing patterns. The
hyperaspiration observed in this study patticulatly in the production of /t/ suggests a form of
phonetic overcompensation, where learners are aware of aspiration as a feature of English but lack
precise control over its duration.

The instability observed in the production of voiced stops, especially /b/, further illustrates
the challenge of phonetic category formation. The wide range of VOT values for /b/, spanning
from substantial negative to long positive values, indicates that learners do not consistently
associate this phoneme with pre-voicing or short-lag VOT. As a result, many productions
acoustically resemble voiceless stops, effectively neutralizing the voicing contrast. This
neutralization is particularly problematic in English, where VOT serves as a primary acoustic cue
for distinguishing minimal pairs. When voiced and voiceless categories overlap, the listenet’s ability
to accurately decode lexical meaning is compromised.

These findings are consistent with previous studies on Indonesian learners of English, which
report similar difficulties in maintaining aspiration and voicing contrasts. However, the present
study extends existing research by focusing on teenage learners in a multilingual regional context.
The linguistic environment of Binjai, which is influenced by local dialects such as Melayu Deli and
Batak, may introduce additional phonetic timing patterns that interact with English production.
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This multilingual exposure may contribute to the heightened variability observed in the data, as
learners negotiate multiple phonological systems simultaneously.

From a pedagogical perspective, the results highlight the limitations of traditional
pronunciation instruction that emphasizes auditory repetition without explicit phonetic guidance.
Learners may be able to imitate surface-level pronunciation models, yet still fail to acquire the
underlying temporal properties of speech sounds. The instability of VOT boundaries observed in
this study suggests a need for instructional approaches that raise learners’ awareness of duration
and timing as critical components of pronunciation. Incorporating acoustic visualization tools such
as PRAAT into pronunciation teaching could provide learners with concrete, objective feedback
on their speech production. By observing the visual representation of aspiration and voicing onset,
students can better understand how their pronunciation deviates from target norms and gradually
refine their articulatory timing.

Overall, this study underscores the importance of integrating acoustic phonetic insights into
English pronunciation pedagogy, particularly at the high school level. Addressing VOT-related
difficulties early may help learners establish more stable phonetic categories, thereby enhancing
intelligibility and reducing long-term fossilization of pronunciation errors

The implications of these findings are critical for communicative intelligibility. The inability to
maintain stable VOT boundaries can trigger semantic ambiguity during communication with native
speakers. Therefore, pedagogically, English instruction at the high school level should integrate
objective acoustic awareness training. Utilizing software such as PRAAT can serve as a visual tool
for teachers to provide feedback on students' pronunciation duration, helping them reduce
negative L1 interference and improve phonetic accuracy.

4. Conclusion

This study concludes that the production of Voice Onset Time (VOT) in English word-initial
plosive consonants by teenagers in Binjai exhibits significant deviations from the standards of
native speakers (General American English). The primary findings indicate two dominant
articulatory patterns: hyperaspiration in voiceless plosives (/p, t, k/) and voicing instability in
voiced plosives (/b, d, g/). The exceptionally high average VOT for the phoneme /t/ (82 ms)
reflects a hypercorrection strategy, where teenage learners over-emphasize aspiration a phonetic
feature that is absent in the Indonesian (1) phonological system to distinguish it from their native
speech patterns.

Conversely, the failure to produce consistent pre-voicing (negative VOT) in voiced plosives
leads to a neutralization of phonetic contrasts. This results in an acoustic overlap where voiced
sounds (such as /b/ with a mean of 38 ms) are perceived as voiceless by native speakers. This
phenomenon reinforces the Speech Learning Model (SLM), suggesting that L1 interference
profoundly influences the mastery of temporal duration in a second language, which ultimately
reduces communicative intelligibility and can lead to semantic ambiguity.

Practically, this research recommends a paradigm shift in the pedagogy of pronunciation
instruction at the secondary school level. Rather than relying solely on auditory imitation, educators
should integrate acoustic phonetic awareness training using specialized software such as PRAAT.
By providing visual feedback on aspiration and voicing durations, teenage learners can more
objectively correct their articulatory errors. Such an approach is expected to enhance phonetic
accuracy and oral fluency, ensuring better intelligibility in global communication.
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