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Abstract

This study presents a comparative acoustic analysis of voicing in English and Arabic stop consonants, with
particular focus on Voice Onset Time (VOT) as the primary acoustic correlate of voicing. The research aims to
examine how the voicing contrast is realized acoustically in both languages and to identify similarities and
differences in their phonetic implementation.

The study adopts a quantitative experimental design. Speech data were collected from twenty adult native
speakers, ten speakers of General American English and ten speakers of Modern Standard Arabic. Participants
produced word-initial stop consonants in controlled recording conditions. The recordings were analyzed using
Praat software to measure VOT values in milliseconds.

The findings reveal significant cross-linguistic differences. English voiceless stops (/p, t, k/) exhibit long-lag VOT
values, indicating strong aspiration, while English voiced stops (/b, d, g/) show short-lag positive VOT values
with minimal pre-voicing. In contrast, Arabic voiceless stops (/t, k, g/) display short positive VOT values, and
Arabic voiced stops (/b, d/) demonstrate strong pre-voicing characterized by negative VOT values. These results
indicate that English primarily relies on aspiration to signal voicing contrasts, whereas Arabic relies on voicing
lead.

The study contributes to acoustic phonetics by providing systematic comparative data and highlights important
implications for second language pronunciation teaching, particularly for Arabic learners of English. The
findings support the view that voicing is implemented differently across languages and must be analyzed
within language-specific phonetic systems.

Keywords: Voice Onset Time, voicing, stop consonants, acoustic phonetics, English, Arabic, cross-linguistic
comparison.
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Chapter One
Introduction
1.1 Background of the Study

Phonetics and phonology are central branches of linguistics concerned with the production, perception, and
acoustic properties of speech sounds. One of the most significant phonetic features distinguishing consonants
across languages is voicing, particularly in stop consonants. Voicing refers to the vibration of the vocal folds
during the articulation of speech sounds (Ladefoged & Johnson, 2015, p. 137). Stops, also known as plosives,
are produced by completely blocking the airflow in the vocal tract and then releasing it suddenly (Roach, 2009,
p. 64).

In English, stop consonants are traditionally classified into voiced (/b, d, g/) and voiceless (/p, t, k/) categories.
However, acoustic studies have shown that the distinction is not purely based on vocal fold vibration but also
involves other acoustic cues, particularly Voice Onset Time (VOT) (Lisker & Abramson, 1964, p. 422). English
voiceless stops are typically aspirated in word-initial position, whereas voiced stops often exhibit short-lag or
near-zero VOT (Kent & Read, 2015, p. 147).

In contrast, Arabic stop consonants also show a voicing distinction, but the acoustic realization differs from
English. Arabic voiced stops are often characterized by pre-voicing (negative VOT), while voiceless stops tend to
show shorter aspiration than their English counterparts (Al-Ani, 1970, p. 53). This cross-linguistic variation
makes voicing in stops a compelling area for comparative acoustic analysis.

Acoustic phonetics provides instrumental methods for measuring speech properties such as VOT, closure
duration, and burst intensity (Johnson, 2012, p. 145). A comparative acoustic study between English and Arabic
stop consonants contributes to understanding cross-linguistic phonetic variation and second-language
acquisition patterns.

1.2 Statement of the Problem

Although both English and Arabic distinguish stops based on voicing, the acoustic correlates of this distinction
differ significantly. English relies heavily on aspiration and VOT differences, whereas Arabic demonstrates
stronger pre-voicing in voiced stops and less aspiration in voiceless stops (Flege, 1995, p. 239).
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Many Arabic learners of English experience difficulty producing native-like English voiceless aspirated stops.
They often transfer the phonetic characteristics of Arabic into English, leading to reduced aspiration and
potential misunderstanding (Watson, 2002, p. 18). Despite previous studies, there remains a need for a
detailed comparative acoustic analysis that quantitatively examines VOT patterns in both languages.

Therefore, the problem of this study lies in identifying and comparing the acoustic realization of voicing in
English and Arabic stop consonants to determine the extent of similarity and difference between the two

systems.

1.3 Aims and Objectives of the Study

The present study aims to conduct a comparative acoustic analysis of voicing in English and Arabic stop
consonants.

The objectives of the study are:

To measure the Voice Onset Time (VOT) of English and Arabic stop consonants.

To compare the acoustic characteristics of voiced and voiceless stops in both languages.
To identify similarities and differences in the realization of voicing.

To examine how these differences may influence second-language pronunciation.
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1.4 Research Questions
This study seeks to answer the following questions:

What are the acoustic differences in VOT between voiced and voiceless stops in English?
What are the acoustic differences in VOT between voiced and voiceless stops in Arabic?
How do English and Arabic differ in their acoustic realization of voicing in stops?

To what extent do these differences affect Arabic learners of English?
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1.5 Significance of the Study

This study is significant for several reasons. First, it contributes to the field of acoustic phonetics by providing
empirical data on cross-linguistic voicing contrasts (Kent & Read, 2015, p. 150). Second, it enhances
understanding of phonetic variation between Germanic and Semitic languages.

Third, the findings may benefit English language teaching in Arabic-speaking contexts by clarifying the phonetic
sources of pronunciation difficulties (Flege, 1995, p. 241). Finally, the study may assist in speech technology
applications, such as speech recognition systems that require accurate modeling of language-specific acoustic
features (Johnson, 2012, p. 156).



1.6 Scope of the Study

This study focuses exclusively on stop consonants in Modern Standard Arabic and General American English. It
examines the acoustic parameter of Voice Onset Time (VOT) as the primary correlate of voicing. Other acoustic
features such as fundamental frequency (FO) and intensity are not analyzed in depth.

The study is limited to word-initial position, where voicing contrasts are most clearly observable (Lisker &
Abramson, 1964, p. 384). Emphatic consonants in Arabic are excluded from detailed analysis to maintain
consistency in comparison.

1.7 Structure of the Study
This research is organized into five chapters:

e Chapter One introduces the study, including the background, problem, aims, research questions,
significance, scope, and structure.

Chapter Two reviews the theoretical and empirical literature on voicing and acoustic phonetics.
Chapter Three describes the methodology, including participants, instruments, and procedures.
Chapter Four presents and analyzes the acoustic data.

Chapter Five discusses the findings and provides conclusions and recommendations.

Chapter Two
Literature Review
2.1 Introduction

This chapter reviews the theoretical foundations and previous empirical studies related to voicing in stop
consonants, with particular emphasis on acoustic correlates such as Voice Onset Time (VOT). It examines major
phonetic theories, cross-linguistic studies on English and Arabic stops, and research in second language
acquisition. The chapter concludes by identifying research gaps and positioning the present study within
existing scholarship.

2.2 Theoretical Framework: Voicing in Phonetics and Phonology

Voicing is one of the primary distinctive features in phonological theory. According to distinctive feature
theory, voicing is defined by the presence or absence of vocal fold vibration during consonant production
(Chomsky & Halle, 1968, p. 300). In phonetic terms, voicing involves periodic vibration of the vocal folds during
the closure or release phase of a stop consonant (Ladefoged & Johnson, 2015, p. 137).

However, modern acoustic phonetics demonstrates that voicing contrasts are not solely dependent on vocal
fold vibration. Instead, languages employ multiple acoustic cues, including VOT, closure duration, and
fundamental frequency (FO) (Kent & Read, 2015, p. 148). This shift from purely articulatory explanations to
acoustic measurements has significantly advanced cross-linguistic research.

2.3 Voice Onset Time (VOT) as an Acoustic Measure

Voice Onset Time (VOT) is defined as the temporal interval between the release of a stop consonant and the
onset of vocal fold vibration (Lisker & Abramson, 1964, p. 384). It is considered one of the most reliable



acoustic correlates of voicing.

Lisker and Abramson’s (1964) landmark cross-linguistic study examined VOT in eleven languages and identified
three major categories:

1. Voicing lead (negative VOT),
2. Short-lag VOT,
3. Long-lag VOT (Lisker & Abramson, 1964, p. 389).

English voiceless stops typically exhibit long-lag VOT, especially in stressed word-initial position, whereas
voiced stops tend to have short-lag VOT and may lack full pre-voicing (Roach, 2009, p. 68). This contrasts with
languages like Arabic, where voiced stops frequently show clear pre-voicing.

Johnson (2012) emphasizes that VOT measurement through spectrographic analysis has become a standard
method in acoustic phonetics due to its objectivity and precision (Johnson, 2012, p. 148).

2.4 Voicing in English Stop Consonants

English stop consonants are divided into voiced (/b, d, g/) and voiceless (/p, t, k/). However, the acoustic
realization of this distinction is complex. In word-initial stressed position, voiceless stops are strongly aspirated,
producing long-lag VOT values, while voiced stops often show little or no voicing during closure (Ladefoged &
Johnson, 2015, p. 140).

Kent and Read (2015) report that English /p, t, k/ typically exhibit VOT values ranging from 40 to 80
milliseconds in initial position (Kent & Read, 2015, p. 150). In contrast, English voiced stops may have short-lag
VOT values close to zero.

Importantly, Flege (1995) argues that English voicing is not fully characterized by vocal fold vibration but rather
by the presence of aspiration in voiceless stops (Flege, 1995, p. 233). This insight is crucial for comparative
research involving languages that rely on different acoustic strategies.

2.5 Voicing in Arabic Stop Consonants

Modern Standard Arabic also contrasts voiced and voiceless stops, including /b, d, g/ (in some dialects) and /t,
k, a/. Unlike English, Arabic voiced stops are commonly characterized by strong pre-voicing, resulting in
negative VOT values (Al-Ani, 1970, p. 52).
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Al-Ani’s (1970) acoustic study of Iraqgi Arabic demonstrated that Arabic voiced stops show clear voicing during
closure, while voiceless stops exhibit short positive VOT without strong aspiration (Al-Ani, 1970, p. 55).
Similarly, Watson (2002) notes that aspiration is not a phonemic feature in Arabic, and voiceless stops are
generally unaspirated (Watson, 2002, p. 17).

This distinction highlights a major cross-linguistic difference: English contrasts aspiration strength, whereas
Arabic contrasts voicing lead versus short-lag VOT.



2.6 Comparative Studies on English and Arabic Stops

Several comparative studies have investigated differences between English and Arabic stop consonants. Flege
(1995) suggests that second-language learners tend to transfer VOT patterns from their first language to the
target language (Flege, 1995, p. 239).

Research indicates that Arabic speakers learning English often produce English voiceless stops with shorter VOT
values than native speakers, reflecting interference from Arabic phonetic patterns (Watson, 2002, p. 18). This
phenomenon is consistent with the Speech Learning Model (SLM), which proposes that L1 phonetic categories
influence L2 sound production (Flege, 1995, p. 238).

Despite these findings, there remains limited research that provides a systematic acoustic comparison using
consistent methodology across both languages under controlled conditions. Many earlier studies focused on
either English or Arabic independently rather than conducting direct comparative analysis.

2.7 Research Gaps

Although previous studies have examined VOT in English and Arabic separately, several gaps remain:

1. Limited direct acoustic comparison between Modern Standard Arabic and General American English using
identical experimental conditions.

2. Insufficient quantitative analysis focusing exclusively on word-initial stops in both languages.

3. A need for updated instrumental analysis using modern acoustic software to ensure precision.
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Most foundational studies, such as Lisker and Abramson (1964) and Al-Ani (1970), provided essential baseline
data; however, further comparative research is required to refine our understanding of cross-linguistic voicing
patterns.

2.8 Positioning the Present Study

The present study builds upon foundational acoustic research (Lisker & Abramson, 1964; Al-Ani, 1970) and
integrates modern phonetic measurement techniques (Johnson, 2012). It aims to provide a systematic
comparative acoustic analysis of voicing in English and Arabic stops under controlled experimental conditions.

By focusing specifically on Voice Onset Time in word-initial position, this study seeks to clarify cross-linguistic
differences and contribute to both theoretical phonetics and applied linguistics, particularly in second-
language pronunciation research.



Chapter Three
Methodology
3.1 Introduction

This chapter describes the methodology adopted in conducting the present comparative acoustic study of
voicing in English and Arabic stop consonants. It outlines the research design, participants, instruments, data
collection procedures, and methods of acoustic analysis. The aim is to ensure clarity, replicability, and scientific
validity.

3.2 Research Design

The present study adopts a quantitative comparative research design. It is experimental in nature, as it
involves recording speech data under controlled conditions and measuring acoustic parameters using
instrumental analysis.

The primary acoustic parameter examined is Voice Onset Time (VOT), defined as the time interval between
the release of a stop and the onset of vocal fold vibration (Lisker & Abramson, 1964, p. 384). The study
compares VOT values across two languages—English and Modern Standard Arabic—in word-initial position.

This design allows for objective measurement and statistical comparison of voicing contrasts between the two
languages.

3.3 Participants
The study includes two groups of participants:

1. Native speakers of English (General American accent).
2. Native speakers of Arabic (Modern Standard Arabic background).

Each group consists of 10 adult participants (5 males and 5 females), aged between 20 and 35 years. All
participants report normal speech and hearing abilities.

The English speakers have no knowledge of Arabic, and the Arabic speakers have not lived in English-speaking
countries for extended periods. This ensures that cross-linguistic influence is minimized.
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Participants are selected voluntarily and recorded individually in a quiet environment.



3.4 Data Collection Materials
The speech corpus consists of monosyllabic words beginning with stop consonants in stressed initial position.
3.4.1 English Stimuli

The English test words include:

/p/: pat, pin
/t/: top, ten
/k/: cat, key
/b/: bat, bin
/d/: dog, den
/8/: go, gap

These words are selected because English voiceless stops are strongly aspirated in stressed initial position
(Ladefoged & Johnson, 2015, p. 140).

3.4.2 Arabic Stimuli
The Arabic test words include:

/b/: UL /ba:b/
/d/:)\s /da:r/

Jt/: yo3 [tamr/
/k/: aS /kataba/
/a/: JB /qa:l/

The selected words begin with stop consonants in initial position, where voicing contrast is acoustically
prominent (Al-Ani, 1970, p. 52).

Each word is repeated three times by each participant to ensure reliability.

3.5 Instruments
The study uses the following instruments:

1. Digital Audio Recorder with a sampling rate of 44.1 kHz.
2. External microphone to ensure high-quality recording.
3. Praat software for acoustic analysis.



Praat is widely used in phonetic research for measuring VOT and spectrographic features (Johnson, 2012, p.
150).

Recordings are conducted in a quiet room to reduce background noise and ensure acoustic clarity.

3.6 Data Collection Procedures
The procedures are as follows:

Participants are briefed about the purpose of the study.

Each participant reads the word list displayed on a screen.
Words are produced in isolation to control contextual influence.
Each word is repeated three times.

Recordings are saved in WAV format for acoustic analysis.

uARWNE

To ensure consistency, participants maintain a normal speaking rate and natural pronunciation.

3.7 Acoustic Measurement Procedures
The recordings are analyzed using Praat software. The following steps are followed:

The waveform and spectrogram are displayed.

The burst release of the stop is identified visually.

The onset of periodic voicing (visible as regular vertical striations in the spectrogram) is marked.
The time interval between burst release and voicing onset is measured in milliseconds.

el S
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Positive VOT values indicate aspiration (long-lag VOT), while negative values indicate pre-voicing (voicing lead)
(Lisker & Abramson, 1964, p. 389).

Each measurement is recorded in a spreadsheet for statistical comparison.

3.8 Methods of Data Analysis
The collected data are analyzed quantitatively using descriptive statistics.
The following statistical measures are calculated:

e Mean VOT values
e Standard deviation
e Minimum and maximum VOT values

Comparisons are made between:

Voiced vs. voiceless stops in English.
Voiced vs. voiceless stops in Arabic.
English vs. Arabic voiceless stops.
English vs. Arabic voiced stops.

PR

Statistical differences are interpreted in light of established phonetic theory (Kent & Read, 2015, p. 148).



3.9 Ethical Considerations

All participants provide informed consent prior to recording. Participation is voluntary, and recordings are used
strictly for research purposes. Personal information is kept confidential.

3.10 Summary

This chapter has described the research design, participants, materials, instruments, procedures, and data
analysis methods employed in this comparative acoustic study. The next chapter presents the results and
discusses the acoustic findings in detail.
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Chapter Four
Results / Findings
4.1 Introduction

This chapter presents the acoustic results obtained from the measurement of Voice Onset Time (VOT) for

English and Arabic stop consonants. The data are reported using descriptive statistical measures, including
mean values, standard deviations, and range (minimum—maximum). The results are presented objectively
without interpretation.

4.2 Voice Onset Time (VOT) in English Stops

A total of 360 tokens were analyzed for English stops (6 consonants x 2 words x 3 repetitions x 10 speakers).
4.2.1 English Voiceless Stops (/p, t, k/)

Table 4.1 presents the mean VOT values for English voiceless stops in word-initial stressed position.

Table 4.1

Mean VOT Values (ms) for English Voiceless Stops

Consonant Mean VOT (ms) Std. Deviation Min Max
/p/ 58 ms 6.2 45 70
/t/ 72 ms 7.1 60 85
/k/ 85 ms 8.5 70 100

The results show positive long-lag VOT values for all voiceless stops.



4.2.2 English Voiced Stops (/b, d, g/)
Table 4.2 presents the mean VOT values for English voiced stops.
Table 4.2

Mean VOT Values (ms) for English Voiced Stops
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Consonant Mean VOT (ms) Std. Deviation Min Max
/b/ 8 ms 3.4 0 15
/d/ 12 ms 4.1 2 20
/g/ 18 ms 5.0 5 28

The results show short-lag VOT values with minimal or no pre-voicing.

4.3 Voice Onset Time (VOT) in Arabic Stops

A total of 300 tokens were analyzed for Arabic stops (5 consonants x 2 words x 3 repetitions x 10 speakers).

4.3.1 Arabic Voiceless Stops (/t, k, q/)
Table 4.3 presents the mean VOT values for Arabic voiceless stops.
Table 4.3

Mean VOT Values (ms) for Arabic Voiceless Stops

Consonant Mean VOT (ms) Std. Deviation Min Max
/t/ 22 ms 4.8 15 30
/k/ 28 ms 5.3 18 38
/a/ 32ms 6.0 20 42

All values are positive but considerably shorter than English voiceless stops.

4.3.2 Arabic Voiced Stops (/b, d/)

Table 4.4 presents the mean VOT values for Arabic voiced stops.



Table 4.4

Mean VOT Values (ms) for Arabic Voiced Stops
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Consonant Mean VOT (ms) Std. Deviation Min Max
/b/ -85 ms 10.2 -100 -65
/d/ -78 ms 9.5 -95 -60

The results show negative VOT values, indicating pre-voicing.

4.4 Cross-Linguistic Comparison of Mean VOT Values

Table 4.5 presents a summary comparison between English and Arabic stops.
Table 4.5

Cross-Linguistic Comparison of Mean VOT (ms)

Language Voiceless Stops (Mean Range) Voiced Stops (Mean Range)
English 58-85 ms 8-18 ms
Arabic 22-32ms -85to0 -78 ms

The data indicate clear quantitative differences in VOT realization between the two languages.

4.5 Distribution of VOT Categories

Based on VOT classification:

English voiceless stops fall within the long-lag VOT category.

English voiced stops fall within the short-lag VOT category.

Arabic voiceless stops fall within the short-lag VOT category.

Arabic voiced stops fall within the voicing lead (negative VOT) category.

4.6 Summary of Findings

The results show measurable differences in VOT values between English and Arabic stop consonants. English
voiceless stops exhibit long-lag VOT, while Arabic voiceless stops show short-lag VOT. Arabic voiced stops
display substantial pre-voicing (negative VOT), whereas English voiced stops show short positive VOT.
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The next chapter discusses these findings in relation to phonetic theory and previous researc
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Chapter Five
Discussion
5.1 Introduction

This chapter interprets and discusses the findings presented in Chapter Four. It links the results to the research
guestions and compares them with previous theoretical and empirical studies. The discussion also highlights
the implications of the findings for phonetic theory and second language acquisition.

5.2 Discussion of Research Question One



What are the acoustic differences in VOT between voiced and voiceless stops in English?

The findings revealed a clear distinction between English voiced and voiceless stops. Voiceless stops (/p, t, k/)
exhibited long-lag VOT values ranging from 58 ms to 85 ms, whereas voiced stops (/b, d, g/) showed short-lag
VOT values between 8 ms and 18 ms.

These results are consistent with the well-established description of English stop consonants in the phonetic
literature. Lisker and Abramson (1964, p. 389) classify English voiceless stops as long-lag VOT sounds, while
voiced stops typically fall within the short-lag category. Similarly, Ladefoged and Johnson (2015, p. 140) note
that aspiration is a primary acoustic cue distinguishing voiceless stops in English.

The present findings therefore confirm that aspiration plays a central role in marking the voicing contrast in
English rather than sustained pre-voicing.

5.3 Discussion of Research Question Two

What are the acoustic differences in VOT between voiced and voiceless stops in Arabic?

The results showed that Arabic voiced stops (/b, d/) exhibited strong pre-voicing, with negative VOT values
ranging from -78 ms to -85 ms. In contrast, Arabic voiceless stops (/t, k, q/) demonstrated short positive VOT
values between 22 ms and 32 ms.
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These findings align with Al-Ani’s (1970, p. 55) acoustic analysis of Iraqgi Arabic, which reported substantial pre-
voicing in Arabic voiced stops. Watson (2002, p. 17) also states that aspiration is not phonemically contrastive
in Arabic, and voiceless stops are generally unaspirated or weakly aspirated.

The current results therefore confirm that Arabic relies more heavily on voicing lead (negative VOT) as the
primary acoustic correlate of voicing.

5.4 Discussion of Research Question Three
How do English and Arabic differ in their acoustic realization of voicing in stops?
The cross-linguistic comparison revealed three major differences:

1. English voiceless stops have significantly longer VOT values than Arabic voiceless stops.

2. Arabic voiced stops show strong negative VOT (pre-voicing), whereas English voiced stops show short
positive VOT.

3. English distinguishes voicing primarily through aspiration, while Arabic distinguishes it through voicing
lead.

These findings support the cross-linguistic patterns identified by Lisker and Abramson (1964, p. 384), who
emphasized that languages differ in how they exploit the VOT continuum.

Furthermore, Kent and Read (2015, p. 148) argue that voicing contrasts are language-specific and rely on
different acoustic strategies. The present study provides empirical evidence supporting this claim in the
comparison between a Germanic language (English) and a Semitic language (Arabic).

5.5 Implications for Second Language Acquisition



The observed differences have important implications for Arabic learners of English. According to Flege’s
Speech Learning Model (1995, p. 238), learners tend to transfer phonetic properties from their first language
into the second language.
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Because Arabic voiceless stops exhibit short-lag VOT, Arabic learners of English may produce English /p, t, k/
with insufficient aspiration. This may lead to perceptual ambiguity for native English listeners. Similarly,
learners may attempt to pre-voice English /b, d, g/, although English does not consistently require strong pre-
voicing.

These patterns explain commonly reported pronunciation difficulties among Arabic speakers learning English.

5.6 Similarities and Differences with Previous Studies
The findings of the present study are largely consistent with earlier acoustic research:

e Agreement with Lisker and Abramson (1964) regarding the classification of English stops into long-lag and
short-lag categories.

e Agreement with Al-Ani (1970) regarding strong pre-voicing in Arabic stops.

e Agreement with Watson (2002) concerning the absence of strong aspiration in Arabic.

No major contradictions were observed between the present findings and the reviewed literature. However,
the current study provides a direct side-by-side comparison under controlled experimental conditions, which
earlier studies did not always include.

5.7 Theoretical Implications

The results support the view that voicing is not a universal binary feature realized identically across languages.
Instead, it is implemented through language-specific acoustic cues along a continuous VOT scale.

This finding supports the acoustic-phonetic approach rather than a purely articulatory definition of voicing

(Johnson, 2012, p. 148). It also reinforces the importance of instrumental phonetic analysis in cross-linguistic
research.
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5.8 Summary



This chapter has interpreted the acoustic findings and linked them to the research questions and previous
literature. The results confirm that English and Arabic differ significantly in their realization of voicing in stop
consonants. English relies primarily on aspiration (long-lag VOT), while Arabic relies on pre-voicing (negative
VOT). These differences have important theoretical and pedagogical implications.

The next section presents the overall conclusion and recommendations of the study.

19
Chapter Six
Conclusion and Recommendations
6.1 Introduction

This chapter presents a summary of the major findings of the study, states the overall conclusions, highlights
the theoretical and practical contributions, acknowledges the limitations, and offers recommendations for
future research and pedagogical practice.

6.2 Summary of Key Findings

The present study aimed to conduct a comparative acoustic analysis of voicing in English and Arabic stop
consonants, focusing specifically on Voice Onset Time (VOT) in word-initial position.

The findings revealed the following:



1. English voiceless stops (/p, t, k/) exhibited long-lag VOT values ranging from 58 ms to 85 ms, indicating
strong aspiration.

2. English voiced stops (/b, d, g/) showed short-lag positive VOT values ranging from 8 ms to 18 ms, with
minimal pre-voicing.

3. Arabic voiceless stops (/t, k, q/) displayed short positive VOT values ranging from 22 ms to 32 ms,
indicating weak or no aspiration.

4. Arabic voiced stops (/b, d/) demonstrated strong pre-voicing with negative VOT values ranging from -78
ms to -85 ms.

These results confirm that English and Arabic employ different acoustic strategies to signal the voicing contrast
in stop consonants.

6.3 Conclusions

Based on the findings, several conclusions can be drawn:

First, voicing in stop consonants is not universally realized across languages. Although both English and Arabic
maintain a phonological contrast between voiced and voiceless stops, the acoustic implementation of this
contrast differs significantly.
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Second, English primarily relies on aspiration (long-lag VOT) as the main cue for voiceless stops, while Arabic
relies heavily on pre-voicing (negative VOT) for voiced stops.

Third, the VOT continuum provides a reliable acoustic parameter for cross-linguistic comparison and confirms
that voicing distinctions are language-specific rather than uniform.

Overall, the study demonstrates that the phonetic realization of voicing must be understood within the
phonological system of each language.

6.4 Contributions of the Study

This study contributes to the field of acoustic phonetics and comparative linguistics in several ways:

1. It provides a systematic side-by-side acoustic comparison between English and Arabic stops under
controlled conditions.

2. It reinforces the importance of VOT as a primary acoustic correlate of voicing.

It offers empirical data that can support pronunciation teaching for Arabic learners of English.

4. It bridges theoretical phonetics and applied linguistics by connecting acoustic measurement with second
language acquisition concerns.
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6.5 Limitations of the Study
Despite its contributions, the study has several limitations:

1. The sample size was limited to twenty participants, which may restrict generalizability.

2. The study focused only on word-initial position and did not examine medial or final stops.

3. Only VOT was analyzed, while other acoustic cues such as fundamental frequency (FO), closure duration,
and intensity were not examined.



4. The study concentrated on Modern Standard Arabic and General American English, excluding dialectal
variation.

These limitations suggest that the findings should be interpreted within the defined scope of the research.
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6.6 Recommendations
6.6.1 Recommendations for Practice

1. English pronunciation instruction for Arabic learners should emphasize aspiration in voiceless stops (/p, t,
k/).

2. Language teachers should incorporate acoustic awareness training to help learners distinguish VOT
differences.

3. Speech training programs may utilize visual feedback tools such as spectrogram analysis to improve
pronunciation accuracy.

6.6.2 Recommendations for Future Research

1. Future studies may increase the sample size and include speakers from different dialectal backgrounds.

Further research may examine additional acoustic correlates such as FO and closure duration.

3. Comparative studies may investigate voicing in other consonant types, such as fricatives or emphatic
stops.

4. Longitudinal studies could examine how VOT production develops in Arabic learners of English over time.

N

6.7 Final Statement

This study has demonstrated that although English and Arabic share a phonological distinction between voiced
and voiceless stops, they differ substantially in their acoustic realization of voicing. The findings highlight the
importance of instrumental acoustic analysis in understanding cross-linguistic phonetic variation and
contribute to both theoretical and applied linguistic research.
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