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ABSTRACT. The classification of consonants is a fundamental aspect of phonetics and
linguistics, providing a framework for understanding speech sounds in terms of their
articulatory and acoustic properties. This study examines consonants based on place and
manner of articulation, voicing, and acoustic characteristics, integrating both theoretical and
empirical perspectives. Analysis reveals consistent patterns in articulatory settings and acoustic
signatures across speakers, while accounting for minor inter-speaker variability. The findings
highlight the significance of a systematic approach to consonant classification for applications
in language teaching, speech therapy, and speech technology.
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INTRODUCTION

Consonants are fundamental speech sounds that play a crucial role in the phonetic and
phonological structure of languages. Unlike vowels, which are produced with a relatively open
vocal tract, consonants involve some degree of constriction or closure at one or more points in
the vocal tract, resulting in a wide variety of acoustic and articulatory properties [1]. The
classification of consonants is essential not only for linguistic analysis but also for applications
in language teaching, speech therapy, and computational linguistics.

The classification of consonants is typically based on three primary parameters: place of
articulation, manner of articulation, and voicing. The place of articulation refers to the location
in the vocal tract where the airflow is constricted, such as bilabial, alveolar, or velar regions.
The manner of articulation describes how the airflow is modified, including stops, fricatives,
nasals, and approximants. Voicing indicates whether the vocal cords vibrate during the
production of the consonant, distinguishing between voiced and voiceless sounds [2].

Beyond these basic parameters, secondary features such as aspiration, length, and nasalization
can further differentiate consonants, leading to complex inventories in different languages.
Phonetic studies also consider acoustic properties, including formant transitions, spectral
characteristics, and intensity patterns, which provide objective criteria for consonant
classification.
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Despite extensive research, the classification of consonants remains a dynamic area of study
due to cross-linguistic variation and the influence of phonological rules on sound realization.
Understanding consonant classification provides insights into language universals, articulatory
phonetics, and the cognitive mechanisms underlying speech production and perception.

This study aims to systematically examine the classification of consonants, focusing on
articulatory and acoustic features, and to provide a comprehensive framework applicable to
linguistic analysis and practical applications in speech sciences.

METHODS
Study Design

This study was conducted as a descriptive-analytical investigation into the classification of
consonants in human speech. The research focused on articulatory, acoustic, and phonological
characteristics of consonant sounds across different languages, with particular attention to
English as a reference language.

Data Collection

Primary data were collected through acoustic recordings of native speakers pronouncing
consonants in isolated syllables, words, and sentences. A total of 20 native English speakers (10
males and 10 females, aged 18-35 years) participated in the study. Recordings were made in a
quiet room using a high-quality condenser microphone and digital audio interface at a sampling
rate of 44.1 kHz and 16-bit resolution.

Articulatory Analysis

The place and manner of articulation of each consonant were analyzed using standard
articulatory phonetics methods. Observations included:

— Place of articulation: bilabial, labiodental, dental, alveolar, postalveolar, palatal, velar,
uvular, glottal.

— Manner of articulation: plosives (stops), nasals, fricatives, affricates, approximants, and
laterals.

— Voicing: voiced versus voiceless consonants.

Acoustic Analysis

Acoustic properties of consonants were examined using Praat software. The following
parameters were measured:

— Voice onset time (VOT) for plosives and affricates.

— Formant transitions for consonant-vowel sequences.

— Spectral properties of fricatives and approximants, including intensity and frequency
distribution.
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Classification Framework

Consonants were classified based on articulatory and acoustic data, following established
phonetic models. Secondary features such as aspiration, nasalization, and length were also
considered. The consonant inventory was organized into a matrix combining place, manner, and
voicing features to facilitate comparison and analysis.

Statistical Analysis

Descriptive statistics were used to summarize acoustic measurements, and correlation analyses
were conducted to examine the relationship between articulatory features and acoustic
parameters. Inter-speaker variability was assessed to determine consistency of consonant
production.

This methodology allowed a comprehensive evaluation of consonant classification, integrating
both articulatory and acoustic perspectives to provide a detailed phonetic framework.

RESULTS

The analysis of consonants revealed clear patterns in articulatory and acoustic characteristics,
confirming traditional classification schemes while highlighting subtle phonetic variations
among speakers.

Articulatory Findings

Consonants were successfully categorized based on place, manner, and voicing. The
distribution across places of articulation was as follows: bilabial (e.g., /p, b, m/), labiodental
(e.g., /f, v/), dental (e.g., /0, &/), alveolar (e.g., /t, d, n, s, z, 1/), postalveolar (e.g., /[, 3/), palatal
(e.g., /j/), velar (e.g., /k, g, 1/), and glottal (e.g., /h/). Voicing contrasts were consistently
observed across plosives and fricatives, with voiced consonants showing greater amplitude and
lower frequency onset than voiceless counterparts.

Manner of Articulation

Plosives exhibited characteristic burst patterns and measurable voice onset times (VOT). Mean
VOTs for voiceless plosives (/p, t, k/) ranged from 40-60 ms, while voiced plosives (/b, d, g/)
ranged from 0-20 ms. Nasals and approximants demonstrated continuous voicing with stable
formant structures, whereas fricatives displayed broad spectral noise with peaks corresponding
to place of articulation. Affricates (/tf, d3/) showed combined stop-fricative features with
intermediate VOT values.

Acoustic Findings

Spectral analysis showed that bilabial plosives had lower frequency energy compared to
alveolar and velar plosives. Formant transitions in consonant-vowel sequences indicated that
tongue position during articulation influenced the first two formants (F1, F2) significantly,
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particularly for alveolar and palatal consonants. Fricatives exhibited distinct spectral peaks: /s/
around 4-6 kHz and /[/ around 2—4 kHz.

Inter-speaker Variability
Minor differences were observed between male and female speakers, primarily in VOT and
intensity, with females showing slightly shorter VOTs and higher-frequency spectral peaks.

However, overall classification patterns remained consistent across participants.

Summary Table of Consonant Classification

Place of Articulation||Voiceless Consonants||Voiced Consonants|Examples
Bilabial /p/ /b, m/ pat, bat, mat
Labiodental /f/ /v/ fan, van
Dental /0/ /8/ thin, this
Alveolar /t, s/ /d,n, z, 1/ top, dog, nap
Postalveolar /f/ /3/ shoe, measure
Palatal — /il yes

Velar /k/ /g, 9/ cat, go, sing
Glottal /h/ — hat

These results confirm the articulatory-acoustic framework for consonant classification,
demonstrating clear patterns of place, manner, and voicing, and providing a detailed reference
for phonetic studies and language teaching.

DISCUSSION

The findings of this study provide a comprehensive understanding of consonant classification
from both articulatory and acoustic perspectives. The results align with traditional phonetic
theories while offering additional empirical evidence regarding inter-speaker variability and
subtle acoustic distinctions.

Articulatory Insights

The categorization based on place and manner of articulation confirms established phonological
frameworks. Bilabial, alveolar, and velar consonants demonstrated clear articulatory gestures,
with voicing contrasts consistently observed in plosives and fricatives. These observations are
in line with prior research emphasizing the role of tongue and lip positioning in defining
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consonantal sounds. The consistent voicing patterns suggest a stable neuromuscular control
across speakers, which is critical for language acquisition and speech intelligibility.

Acoustic Correlates

The spectral analysis of consonants revealed distinct frequency patterns corresponding to place
of articulation. Fricatives, particularly /s/ and /f/, exhibited frequency peaks that are
characteristic of their respective places, supporting the idea that acoustic properties can reliably
reflect articulatory settings. Plosive voice onset times (VOTs) also differentiated voiced and
voiceless sounds effectively, which corroborates existing studies on temporal cues in consonant
perception. The minor differences between male and female speakers in VOT and spectral
energy highlight the influence of physiological factors such as vocal tract length and resonance
characteristics, though these differences did not affect overall classification reliability.

Implications for Linguistics and Language Education

Understanding consonant classification in detail has practical applications in phonetics,
linguistics, and language pedagogy. Precise articulatory and acoustic knowledge can inform
pronunciation training, speech therapy, and the development of automated speech recognition
systems. Additionally, the observed inter-speaker consistency reinforces the universality of
consonant production patterns, while the subtle variability underscores the need to consider
individual differences in applied phonetics.

Limitations and Future Directions

While this study provides detailed articulatory and acoustic data, it was limited to adult native
speakers of a single language. Future research could expand the dataset to include children,
speakers of different languages, and individuals with speech disorders to explore cross-
linguistic and developmental variations. Moreover, integrating real-time articulatory imaging
techniques such as ultrasound or MRI could enhance the understanding of dynamic consonant
production.

Overall, the study confirms that consonants can be reliably classified according to traditional
articulatory-acoustic criteria, while also highlighting the nuanced variations that exist among
individual speakers. These findings contribute to a more precise and applied understanding of
consonant phonetics.

CONCLUSION

This study confirms that consonants can be systematically classified based on articulatory
features—such as place and manner of articulation—and acoustic properties, including
frequency spectra and voice onset time. The findings demonstrate consistent patterns across
speakers while acknowledging minor inter-speaker variability influenced by physiological
differences. These results reinforce established phonetic frameworks and provide empirical
support for the integration of articulatory and acoustic criteria in consonant classification.

The implications of this research extend to linguistics, language teaching, speech therapy, and
speech technology, highlighting the importance of detailed consonant knowledge for accurate
pronunciation, effective communication, and the development of speech recognition systems.
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Future studies incorporating diverse languages, developmental stages, and advanced
articulatory imaging techniques are recommended to further refine and expand the
understanding of consonant production and classification.
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