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Abstract

This study presents an acoustic analysis of English fricative consonants produced by Iraqi English as a Foreign
Language (EFL) learners at the university level. The study examines how the acoustic features of English
fricative consonants produced by Iraqi EFL learners differ from those produced by native English speakers. The
research uses a comparative, quantitative methodology. CoG, amplitude and duration are used for comparison.
Speech data were collected from 20 Iraqi EFL learners, including 10 males and 10 females, from the Department
of English at the University of Mosul. Participants produced target words containing the eight English fricatives
(/f,v,0,0,s, z, [, 3/) in various word positions: initial, medial, and final. Acoustic analysis was conducted using
Praat software, focusing on three key parameters: Center of Gravity (CoG) as a measure of frequency
concentration, duration in milliseconds, and amplitude in decibels. The learners’ productions were compared
descriptively and statistically to baseline data from native English speakers. The results show clear patterns of
difference. A notable positional effect was found for duration, with all fricatives showing significant
lengthening in the final position, often exceeding native speaker patterns. This suggests that Iraqi learners relied
on timing cues to indicate word boundaries. Key challenges specific to Iraqi learners were confirmed through
acoustic measures. The dental fricatives /6/ and /d/ displayed high spectral variability and were frequently
substituted with sounds similar to sibilants or stops. The voiced labiodental /v/ and post-alveolar /3/, which do
not exist in Arabic, were often devoiced or affricated. Maintaining voicing in fricatives like /z/ and /v/ was
especially difficult, particularly for male speakers. The study concludes that the acoustic profile of English
fricatives produced by Iraqi EFL learners shows spectral overshoot in sibilants, temporal exaggeration in final
positions, and ongoing issues with voicing stability. These issues are largely due to limitations of the learners’
first language and articulatory transfer. These findings have important implications for teaching. Pronunciation
instruction for Iraqi learners should go beyond simple auditory mimicry. It should include visual acoustic
feedback, such as using spectrograms, explicit instruction on the mechanics of voicing, and targeted exercises
that contrast common problem pairs like /f-v/ and /s-6/.
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1. Introduction
Fricatives appear in many languages worldwide. They are classified as obstruents, which is the same category
as stop consonants. Fricatives form an important class of consonants. They allow air to escape through a partially
blocked passage in the vocal tract, creating a hissing sound. Fricatives are continuant sounds, meaning you can
keep making them as long as you have air in your lungs (Ladefoged & Johnson, 2015, p. 17).However, unlike
stops, producing fricatives involves two articulators getting close to each other, resulting in a turbulent airstream
(Ladefoged & Maddieson, 1996). This turbulence is called friction, or sometimes frication noise. According to
Stevens (1971), the constriction divides the vocal tract into two cavities: the front cavity and the back
cavity.Fricatives differ based on their various places of articulation. They are classified as sibilants or non-
sibilants. Sibilants are higher in pitch and louder, which enhances their hissing sound. These include alveolar
/s, z/, post-alveolar /[, 3/, alveolo-palatal /¢, z/, and retroflex /s, z/. Non-sibilants, on the other hand, are weaker
and lower in frequency, which include bilabial /¢, B/, labiodental /f, v/, interdental /6, 8/, palatal /¢, j/, velar /x,
y/, uvular /y, ¥/, epiglottal /u/, pharyngeal /h, ¢/, labial-velar /m/, and glottal /h, fi/.(Ladefoged & Maddieson,
1996).Acoustic analysis of fricatives looks at features like frequency, duration, and amplitude. These features
help distinguish between different fricatives within or across languages. They also provide insights into the
articulation processes involved in their production. Comparing fricatives in English and Arabic highlights both
similarities and differences in their acoustic properties, enhancing the understanding of variations between
languages, especially in phonetics (Gussenhoven, 2017).In English language teaching (ELT), questions arise
about how English as a foreign language learners (EFL) produce English fricatives, especially since English
has some fricatives that don't exist in Arabic. Furthermore, the acoustic cues that EFL learners use to produce
these fricatives are also of importance. Many EFL learners want to speak English like native speakers. They
pay close attention to pronunciation, which they see as key to their learning process. They believe that native
speakers judge them based on their ability to produce correct sounds. Therefore, the closer an EFL learner's
pronunciation is to a native speaker, the more likely native speakers will find it understandable and clear (Munro

& Derwing, 1995).Wong (1987) noted that EFL learners often struggle to master native-like pronunciation.
Many face embarrassing situations when they are misunderstood due to mispronunciation. Other factors also
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influence pronunciation accuracy, such as exposure to the target language and first language acquisition. This
study sheds light on the phonetic status of Arab learners of English and reveals gaps in the existing literature
due to a shortage of research on this topic. Thus, the study holds both theoretical and empirical value.
2. Research Questions
1- How do the acoustic features of English fricative consonants produced by Iraqi EFL learners differ from
those produced by native English speakers?
2- Will the fricatives in words initial, medial and final positions differ?
3. Theoretical Background
3.1. Fricatives
Fricatives are consonant sounds formed by creating a narrow gap in the vocal tract, which results in a turbulent
airstream. This creates a partial blockage of airflow, producing a hissing sound as the air moves between the
articulators at the constriction (Ladefoged & Johnson 2015, p. 69).The noise generated undergoes filtering in
the vocal tract, influenced by the front cavity of the constriction and, to some degree, the back cavity as well
(Fant, 1960).Fricatives appear in most of the languages studied in the University of California Phonological
Segment Inventory Database (UPSID). The database indicates that nearly 93% of the world’s languages have
at least one fricative sound in their phonology. It is also important to note that few studies have looked into the
specific distribution and occurrence patterns of fricatives in each language (Maddieson, 1984). The total number
of fricative sounds according to UPSID ranges from 0 to 6.6%. Maddieson’s survey notes that the most common
fricative sounds across many languages are the voiceless sibilant sounds /s/, /[/, and /f/.Fricative sounds can be
classified as voiced or voiceless. Voiced fricative sounds involve two constrictions: one at the glottis and another
in the vocal tract. In contrast, voiceless fricative sounds have only one constriction in the vocal tract.Voiced
fricative sounds usually have a shorter duration of frication noise compared to voiceless fricative sounds. The
occurrence of voiceless fricative sounds is roughly double that of voiced sounds worldwide. This might be
because voiced fricative sounds are relatively harder to produce. The vibration of the vocal cords disrupts the
airflow needed to create the turbulent noise (Baum & Blumstein, 1987).
3.2. Articulatory-Acoustic Relationship in Speech Production
The connect between articulation and speech acoustics is a fundamental aspect of phonetics and speech sciences.
Articulation involves the coordinated movement of speech organs to produce sounds. On the other hand, Catford
(2001, p. 87) states that acoustics refers to the measurable properties of these sounds as they travel through the
air. The vocal tract acts as a resonator, with its shape and configuration constantly adjusted by the articulators.
This produces different resonance patterns that we perceive as distinct speech sounds. Even small variations in
articulation can lead to noticeable changes in the acoustic signal, directly impacting perception and
understanding (Fant, 1960, p. 15).
3.2.1. Articulatory Foundations of Speech
Laver (1994, p. 119) shows that the articulatory side of speech production begins with the respiratory system,
which provides a steady airstream. The vocal folds modulate this airstream, and the supraglottal articulators
shape it. The primary articulators are the tongue, lips, velum, and jaw. They manipulate the size of the vocal
tract, changing its resonant features. The place of articulation is where the most significant constriction occurs
in the vocal tract. The manner of articulation describes how much and what type of constriction takes place
(Clark et al., 2007, p. 72).For fricatives, the articulatory configuration, particularly the place of constriction,
significantly affects the frequency distribution of the noise produced. Alveolar fricatives like /s/ produce high-
frequency energy because the narrow constriction near the teeth creates a small front cavity. Postalveolar
fricatives like /f/ produce lower-frequency energy due to a longer resonating front cavity (Shadle, 1991, p. 55).
3.2.2. Acoustic Manifestations of Articulatory Actions
From an acoustic viewpoint, speech sounds are described by measurable properties like frequency, amplitude,
and duration. The vocal tract's resonances, called formants, depend on its shape and length (Fant, 1960, p. 28).
For vowels, formant frequencies, especially F1 and F2, are the main acoustic cues for tongue height and
position. For consonants, the acoustic output includes extra features like bursts, noise characteristics, and
transitions into nearby vowels (Laver, 1994, p. 156).In fricatives, the acoustic output mostly consists of
aperiodic noise. Its characteristics depend on the place and shape of the constriction. The location of the spectral
peak, the slope of the spectrum, and noise bandwidth are linked to the cavity shapes formed during articulation
(Shadle, 1991, p. 61). The frication noise is influenced not only by the constriction but also by resonances and
anti-resonances in the vocal tract. These factors can vary based on the articulatory position (Stevens, 1998, p.
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387).Furthermore, transitions in surrounding vowels provide important cues about the place of articulation. For
example, alveolar fricatives often create rapid, steep F2 transitions, while labiodental fricatives produce flatter,
less noticeable transitions (Fant, 1960, p. 133). These subtle acoustic differences are crucial for distinguishing
similar sounds, especially for second-language learners who may have difficulty perceiving non-native
contrasts.

3.3. Acoustic Characteristics of Fricatives

3.3.1. Centre of Gravity

The Centre of Gravity (CoG) or sometimes called center of frequency (CoF) in acoustic phonetics is a statistical
measure that represents the central tendency of spectral energy distribution in a speech sound. It is calculated
as a spectrum's weighted average frequency, resulting in a single value that summarizes where the majority of
acoustic energy is concentrated (Forrest et al., 1988). Johnson (2012, p. 132) defines CoG as “the mean
frequency of a spectrum, weighted by amplitude, serving as a compact descriptor of spectral shape.” Stevens
(1998, p. 211) describes CoG as “a useful metric for comparing vowel and consonant spectra, particularly in
distinguishing fricative sounds.” The CoG has multiple advantages in speech analysis which includes, but not
limited to the classification of vowels based on their formant structures which indicates high or low vowels.
Another important thing is that it helps to make a clear discrimination between fricative sounds. For instance,
voiceless fricative sounds such as /s/ and / f/ shows higher CoG values than voiced fricatives as /z/ and /v/
(Shadle, 1985). Moreover, Nolan (2001, p. 52) described that CoG values varies across many speakers as a
result to the differences in the vocal tract length, which is used in the forensic linguistics to identify criminals
according to their voice prints.

3.3.2. Amplitude

Stevens et al., (1992) states that noise amplitude differentiate between voiceless and voiced fricatives. In voiced
fricatives on the one hand, a drop in the subglottal pressure happens across the narrowing area in the vocal tract.
Voiceless fricatives also require a pressure drop across the glottis giving the result that the noise amplitude
decreases at the constriction. On other observations however, Al-Khairy (2005) for Arabic, Jongman et al.
(2000) for English, and Nirgianaki (2014) for Greek in their studies show that the normal amplitude which
includes fricative amplitude and vowel amplitude exhibited the opposite pattern with certain values lower in
voiceless and higher in voiced fricatives. These differences in numbers is because that this measurement
calculated energy across all the frequency range, which in turn includes strong energy level in low frequencies
connected with voicing and the energy in high frequencies connected with turbulence produced at the area of
stricture.

3.3.3. Duration

Noise duration provides a solid key to the distinction of voice. Voiceless fricative sounds have longer durations
of noise than voiced ones. Jongman et al. (2000) showed that this pattern is a key in fricatives as well as in
connected speech, which was observed cross-linguistically in Swedish, Arabic, Greek, and Russian (Barrow et
al., 2005; Nirgianaki, 2014; Ulrich et al., 2023). Behrens and Blumstein (1988) expressed that noise duration
can be used to discriminate sibilants from non-sibilants fricative sounds, it is represented in that /s/ and / J/ are
longer in duration than /f/ and / 0/ and this is true in the case that the ratio of the fricative sound duration over
the vowel duration is normal. Although, the duration does not make distinction within fricatives in these groups.
4. Methodology

This section will explain how we selected participants, developed word list materials, and followed procedures
for data collection. It will also cover the acoustic analysis techniques we used with Praat software on a computer,
the pilot study including its design and goals, the ethical considerations involved in the research, and how we
safely stored recordings online to support the research process.

4.1. Research Design

This study will use a comparative and quantitative approach to examine the acoustic properties of word-initial,
medial and final English fricatives pronounced by Iraqi EFL learners (Creswell, 2009). The main goal is to
identify, measure, and compare the characteristics of fricatives produced by these learners, including duration,
amplitude, and spectral features, to those produced by native English speakers. The investigation will focus on
analyzing fricative sounds found at word-initial, medial and final positions to ensure comparability and accuracy
in the acoustic analysis. Collecting these recordings provides valuable insight into how Iraqi EFL learners
produce fricatives in different word positions. The environment and acoustic context must be controlled to

10




Yo ¥ dad 5 32> (1) Skl (4) lond! A | o ghald 1y Ll ddona
isolate fricative properties and show their distinct features compared to those produced by native English
speakers (Johnson, 2012; Ladefoged & Johnson, 2015).
4.2. Participants
The study involved a total of 20 participants, with 10 males and 10 females, to pronounce a list of target words
containing English fricatives in the initial, medial and final positions. All participants were in their third year
of study at Mosul University, in the Department of English, College of Education for Humanities. The age
group was consistent, with students aged between 20 and 23 years old (Neuman, 2014). Students will be
formally invited to record their voices for the research. All participants are Iraqi Arabic speakers who are in
their third year in the Department of English. Speakers with hearing or speaking impairments are also excluded
to keep the acoustic data consistent.
4.3. Materials and Equipments
This study used a carefully selected set of linguistic materials and technical equipment. The linguistic corpus
included a target word list, see Table 1 designed to elicit English fricatives in word-initial, medial, and final
positions. These words were chosen based on participant familiarity to prevent unnatural articulation. They
were also controlled for phonetic environment, using the vowels /a, u, i/ to match established native speaker
norms and Arabic phonological parallels. Monosyllabic words were used for initial and final positions, while
disyllabic words were included for medial fricatives. Additionally, the list prioritized minimal pairs (e.g., /f/—
v/, Is/—/z/) to support contrastive analysis. the NES data mainly adopted from Jongman et al., (2000), Maniwa
et al., (2009), and Gordon et al. (2002). Whereas the Iraqi EFL learners’ data were collected from 20 college
students at their 3rd year in the department of English, college of Education for Humanities in Mosul university.
The equipment included a professional Boya 3-K5 TX RGB desktop microphone, selected for its flat frequency
response and ability to reduce background noise. The microphone was placed 10—15 cm from the participants'
lips and connected to an HP laptop via a USB-Type C port interface, which served as the stable power source
and processing unit. Recording took place using Audacity (Musehub Group), which allowed for strict control
of input levels to avoid distortion. The resulting audio was exported as WAV files and analyzed using Praat
software (Boersma & Weenink, 2022). Praat was used to visualize spectrograms and manually segment the
audio, allowing for the extraction of key acoustic metrics such as Centre of Gravity (CoG), duration, and
amplitude for statistical analysis.
Table 1. English fricatives target words list.

Phone | Word-Initial IPA | Word—Medial IPA | Word-Final IPA
me Transcript Transcript Transcript

[t/ fan [feen/ coffee | kofi/ leaf Jli:f/

v/ van [veen/ navy /' newvi/ leave Jliv/

/ 6/ thick 01K/ cathy 'kee0i math /maef/

/ 6/ this /018/ mother /' mada/ with w16/
/s/ seen [sin/ messy /' mesi/ mass /mees/

/Z/ zoom Jzu:m/ busy | bizi/ his [hiz/

[ J] shoes [fu:z/ washer ‘W[ cash [keef/

/ 3/ genre /'3pNra/ measure /' me3a/ beige [berz/

5. Analysis

This section will provide a look at the acoustic data collected in the study. It includes ways to examine how
eight English fricatives (/f, v, 0, 9, s, z, [, 3/) produced by Iraqi EFL learners with those produced by native
English speakers. The analysis is done using Praat software to measure the audio recording values. The analysis
focuses on three key acoustic parameters: Center of Gravity (CoG) which measures frequency concentration
and spectral energy distribution. Amplitude, measured in decibels (dB), assesses the loudness and intensity of
sounds. Duration, is measured in milliseconds (ms) to track the length of frication noise. Each parameter is
examined across three word positions, which are initial, medial, and final. This helps identify how pronunciation
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varies by position. The section presents the comparisons using merged mean tables as indicated in Table 2 and
visual figures (Figures 1-3). It also employs statistical tools like T-Tests and ANOVA (see Tables 3-5) to see
if the differences between learners and native speakers are statistically significant among the mentioned

parameters above (p <.05).Table 2. Merged Mean Comparison (Native English Speakers vs. Iraqis)

Iraqi NES Iraqi NES Iraqi NES

Phoneme | Position | Mean_ | Mean_ Mean_ Mean_ Mean_ Mean_
CoG CoG | Amplitude | Amplitude | Duration | Duration

/] Initial 3030 4825 50.45 46 82.75 163
/f/ | Medial | 2952.15 4700 50.85 44 117.75 100
/] Final | 5303.95 4500 43.1 38 159.2 180
v/ Initial | 559.55 | 4624.5 57.05 50 110.9 109
/v/'|  Medial 469.8 4525 54.05 47 87.05 60
v/ Final | 495.25 4300 49.85 42 138.4 70
0/ Initial | 3796.45 5121 51.05 45 78.15 163
/6/| Medial | 2175.3 5000 47.2 43 107.25 90
10/ Final | 3079.55 4800 43.25 38 125.4 180
10/ Initial 378.8 5091 55.35 49 103.95 100
/0/ | Medial 450.9 5000 59.8 46 68.85 50
10/ Final | 500.45 4800 53.1 41 151.35 60
/s/ Initial 9338 | 5434.5 55.3 58 156 173
/s/ | Medial | 8625.6 5350 58.5 56 138.05 110
/s/ Final | 8523.65 5150 54.95 52 243.4 190
/z/ Initial | 3617.15 5366 56.5 60 123.7 129
/z/ | Medial | 3363.9 5200 60.85 58 101.05 70
/z/ Final | 4227.4 5000 56.1 54 220.05 90
/f/ Initial | 4538.45 | 4281.5 52.85 59 139.3 184
/f/| Medial | 3893.8 4175 56.8 57 128.65 120
/f1 Final | 4747.8 3950 524 53 234.35 200
13/ Initial | 1338.35 4330 56.15 61 118.25 143
/3/ | Medial | 1368.6 4225 60.9 59 79.1 80
/3/ Final | 2368.2 4000 52.6 55 168.55 90

Table 2 shows how close Iraqi learners are to native norms and identifies the largest gaps. First, Iraqi EFL
learners often differ from native English speakers in a sound-specific way. For instance, /v/ has a significant
CoG gap (Iraqi = 560 Hz vs. NES = 4625 Hz in initial position). This indicates a noticeably different sound
profile in learners’ speech. Second, Iraqi learners tend to produce several fricatives with higher amplitude than
native English speakers. For example, for the initial /f/ sound, Iraqis measure 50.45 dB compared to 46 dB for
NES. This suggests stronger or more forceful frication. Third, Learners’ durations change based on position and
sound. The table shows where learners shorten or lengthen sounds compared to NES. For instance, the initial
/f/ sound is shorter for Iraqis at 82.75 ms, while for NES, it is 163 ms. Other contexts might show lengthening.
Figure 1. Comparison for centre of gravity (CoG) measured in Hz) between Iraq EFL learners and native
English speakers in three positions
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Figure 1 compares CoG (Hz) for Iraqi EFL learners and native speakers across initial, medial, and final
positions. Native values remain relatively stable across sounds, while Iraqi learners show greater variability.
Learners tend to produce much lower CoG for several non-sibilant fricatives, but noticeably higher CoG for /s/
across positions. Overall, the figure indicates that Iraqi—NES spectral differences depend on fricative type and
are influenced by word position.Figure 2. Comparison for Amplitude measured in (dB) between Iraq EFL
learners and native English speakers in three positions
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Figure 2 shows that amplitude (dB) values for Iraqi EFL learners are generally close to native-speaker levels
across initial, medial, and final positions. However, Iraqi learners often produce slightly higher intensity for
several fricatives—especially some voiced and non-sibilant sounds—suggesting stronger or more effortful
frication. For sibilants (/s, z, [, 3/), both groups cluster in the higher amplitude range, with only small position-
related fluctuations. Overall, amplitude differences are modest compared with the clearer spectral differences
seen in CoG.Figure 3. Comparison for Duration measured in (ms) between Iraq EFL learners and native
English speakers in three positions
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Figure 3 indicates clear timing differences between Iraqi EFL learners and native speakers across positions.
Iraqi learners frequently produce longer fricative durations, particularly for sibilants such as /s/ and /z/, which
suggests slower or more effortful articulation. Native speakers show a more consistent duration pattern across
sounds, with expected positional variation. Overall, the figure shows that the Iraqi—-NES gap in duration is
sound-dependent and often increases in contexts where learners tend to prolong frication.Table 3 below
compares the spectral quality of eight fricative sounds across 3 positions. This table is a full explanation of
Table 2 above and further exhibits:

1- T-Test (p): Tests if the overall mean difference between Iraqi and NES speakers for that phoneme is
significant.

2- ANOVA Group (p): Tests the main effect of Group (Iraqi vs NES).

3- ANOVA Pos (p): Tests the main effect of Position (Initial vs Medial vs Final).

Table 3. Center of Gravity in Hz of 8 fricative sounds across three positions.

Phoneme | Position Iraqi NES | T-Test ANOVA ANOVA
Mean Mean @) Group (p) Pos (p)
/] Initial 3030 4825 0.399 0.399 0.61

Medial ~ 2952.15 4700
1A
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Final  5303.95 4500

v/ Initial 559.55 4624.5 <.001 <.001 0.365
Medial 469.8 4525
Final 495.25 4300

10/ Initial  3796.45 5121 0.049 0.049 0.44
Medial 2175.3 5000
Final  3079.55 4800

10/ Initial 378.8 5091 0.001 0.001 0.834
Medial 450.9 5000
Final 500.45 4800

/s/ Initial 9338 5434.5 0.003 0.003 0.261
Medial 8625.6 5350
Final  8523.65 5150

/z/ Initial ~ 3617.15 5366 0.051 0.051 0.756
Medial 3363.9 5200
Final 4227.4 5000

Ifl Initial  4538.45 4281.5 0.495 0.495 0.642
Medial 3893.8 4175
Final 4747.8 3950

3/ Initial ~ 1338.35 4330 0.029 0.029 0.755
Medial 1368.6 4225

Final 2368.2 4000

P-values < .05 indicate a significant difference in how the sound is produced compared to native speakers.
Table 4. Comparison of amplitude (Loudness in dB) of the sounds.

Phoneme | Position Iraqi NES T-Test | ANOVA Group | ANOVA Pos

Mean Mean () () ()

It/ Initial 50.45 46 0.017 0.017 0.021
Medial 50.85 44
Final 43.1 38

vl Initial 57.05 50 0.001 0.001 0.004
Medial 54.05 47
Final 49 .85 42

10/ Initial 51.05 45 0.011 0.011 0.015
Medial 47.2 43
Final 43.25 38

o/ Initial 55.35 49 0.041 0.041 0.273
Medial 59.8 46
Final 53.1 41
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av.

/sl Initial 553 58 0.663 0.663 0.375
Medial 58.5 56
Final 54.95 52

/z/ Initial 56.5 60 0.832 0.832 0.37
Medial 60.85 58
Final 56.1 54

If/ Initial 52.85 59 0.351 0.351 0.364
Medial 56.8 57
Final 52.4 53

13/ Initial 56.15 61 0.461 0.461 0.219
Medial 60.9 59
Final 52.6 55

Table 5. Comparison of the duration (ms) of the sounds.

Phoneme | Position Iraqi NES T-Test | ANOVA Group | ANOVA Pos

Mean Mean (p) (p) (p)

il Initial 82.75 163 0.433 0.433 0.376
Medial 117.75 100
Final 159.2 180

vl Initial 110.9 109 0.236 0.236 0.424
Medial 87.05 60
Final 138.4 70

10/ Initial 78.15 163 0.311 0.311 0.482
Medial 107.25 90
Final 125.4 180

o/ Initial 103.95 100 0.294 0.294 0.453
Medial 68.85 50
Final 151.35 60

/sl Initial 156 173 0.406 0.406 0.128
Medial 138.05 110
Final 243.4 190

/z/ Initial 123.7 129 0.328 0.328 0.501
Medial 101.05 70
Final 220.05 90

If/ Initial 139.3 184 0.983 0.983 0.157
Medial 128.65 120
Final 234.35 200

3/ Initial 118.25 143 0.629 0.629 0.463
Medial 79.1 80
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Final | 168.55 90 |

6. Results and Discussion

This section presents the experimental findings of the study, followed by an interpretation of their significance.
The data is analyzed to identify patterns and trends, which are discussed in the context of the research questions
and existing literature.

6.1. Results

The primary data collected from the experimental trials are presented below, focusing on the key metrics of
CoG, amplitude, and duration. The results are displayed to highlight the direct outcomes of the tested conditions.
1. Centre of Gravity (CoG): The CoG measures the "pitch" of the fricative noise, which directly relates to
where the sound originates in the mouth. Higher values indicate a constriction further forward, while lower
values suggest a constriction further back.

/fl (voiceless labiodental): Iraqi learners produced lower CoG than NES in initial (3030 vs. 4825 Hz) and
medial position (2952.15 vs. 4700 Hz), but higher CoG in final position (5303.95 vs. 4500 Hz). This pattern
suggests that /f/ is comparatively “softer” or less high-frequency in onset and intervocalic contexts, yet becomes
sharper/more fronted in coda contexts—ypossibly due to stronger constriction or increased turbulence at word
edges. However, the overall CoG difference for /f/ is not statistically significant (Table 3).

v/ (voiced labiodental): CoG is extremely low for Iraqi learners across all positions—initial 559.55 Hz (NES
4624.5), medial 469.8 (NES 4525), final 495.25 (NES 4300). Such values strongly indicate that low-frequency
voicing energy dominates the spectrum, consistent with stop-like substitution or severely weakened frication
(i.e., insufficient turbulent airflow). This group difference is highly significant in Table 3, while position
remains non-significant.

/0/ (voiceless dental): Iraqi learners show reduced CoG in all positions, especially medial: initial 3796.45 Hz
(NES 5121), medial 2175.3 (NES 5000), final 3079.55 (NES 4800). The particularly low medial value suggests
less precise dental constriction or reduced turbulence in intervocalic contexts. The group effect is significant
(p =.049), but position is not.

/0/ (voiced dental): CoG is very low across positions—initial 378.8 Hz (NES 5091), medial 450.9 (NES 5000),
final 500.45 (NES 4800). This strongly supports a pattern of stop-like realization (d-like) or extremely weak
frication masked by voicing. The group difference is significant (p = .001), and position is not.

/s/ (voiceless alveolar sibilant): Iraqi learners show markedly higher CoG across all positions—initial 9338
Hz (NES 5434.5), medial 8625.6 (NES 5350), final 8523.65 (NES 5150). This consistent “spectral overshoot”
suggests hyper-fronting / hyper-dentalization, producing a smaller anterior cavity and a sharper, higher-
pitched hiss. The group difference is significant (p = .003), while position is not.

/z/ (voiced alveolar sibilant): Iraqi CoG is lower than NES in initial and medial—3617.15 vs. 5366; 3363.9
vs. 5200—then becomes closer in final (4227.4 vs. 5000). This indicates that voicing may dominate the
spectrum more strongly in onset/intervocalic contexts, yielding a duller frication profile. The group effect is
near-threshold (p = .051), and position is not significant.

/fl (voiceless post-alveolar): The pattern varies by position: Iraqi learners are slightly higher in initial (4538.45
vs. 4281.5), lower in medial (3893.8 vs. 4175), and higher in final (4747.8 vs. 3950). This suggests relatively
acceptable onset production but a tendency to front /[/ in final contexts (less posterior resonance and/or reduced
lip rounding). Group and position effects are not significant in Table 3.

/3/ (voiced post-alveolar): CoG remains low in Iraqi speech across positions—initial 1338.35 (NES 4330),
medial 1368.6 (NES 4225), final 2368.2 (NES 4000)—indicating strong voicing dominance and reduced high-
frequency turbulence (often consistent with instability for /3/ in Arabic-speaking learners). The group difference
is significant (p = .029), while position is not.

2. Amplitude (Intensity): Intensity reflects the loudness of the sound compared to the surrounding speech.
/f/: Traqi learners are higher than NES in initial (50.45 vs. 46 dB) and medial (50.85 vs. 44), then drop in final
(43.1 vs. 38). This implies stronger frication at the beginning and middle of words, with reduced energy in
coda—ryet still above NES overall. (Group p =.017; Position p =.021.)

/vl: Iraqi learners show higher intensity across positions—initial 57.05 vs. 50, medial 54.05 vs. 47, final 49.85
vs. 42—suggesting greater articulatory effort to maintain a voiced labiodental fricative. (Group p = .001;
Position p =.004.)

/0/: Intensity is higher for Iraqi learners in all positions—initial 51.05 vs. 45, medial 47.2 vs. 43, final 43.25
vs. 38—indicating more forceful frication, especially in onset. (Group p =.011; Position p =.015.)
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/0/: Traqi intensity remains higher—initial 55.35 vs. 49, medial 59.8 vs. 46, final 53.1 vs. 41—consistent with
strong overall energy, although position is not significant here (Position p = .273). The group difference is
significant (p = .041).
/s/: The pattern is mixed: Iraqi learners are slightly lower in initial (55.3 vs. 58) but higher in medial (58.5 vs.
56) and final (54.95 vs. 52). This supports the idea that /s/ differences are more spectral (CoG) than loudness-
based. (No significant group/position effects.)
/z/: Traqi learners are lower in initial (56.5 vs. 60) but higher in medial (60.85 vs. 58) and final (56.1 vs. 54).
Again, intensity differences are not statistically reliable here.
/f/: Traqi learners are lower in initial (52.85 vs. 59) and essentially close in medial (56.8 vs. 57) and final (52.4
vs. 53). This indicates that /[/ differences (when present) are less about intensity and more about spectral
placement and timing.
/3/: Iraqi learners are lower in initial (56.15 vs. 61), slightly higher in medial (60.9 vs. 59), and lower in final
(52.6 vs. 55), reflecting instability across contexts—common for a sound absent from Arabic.
3. Duration: is the most significant indicator of foreign accent in this dataset.
/fl: Traqi learners produce a very short initial /f/ (82.75 vs. 163 ms), a slightly longer medial /f/ (117.75 vs.
100), and a near-native final /{/ (159.2 vs. 180). This suggests the main difficulty is initiating sustained frication
in onset position.
/v/: Duration is near-native in initial (110.9 vs. 109), longer in medial (87.05 vs. 60), and markedly longer in
final (138.4 vs. 70). This points to coda timing over-extension for voiced fricatives.
/0/: Iraqi learners shorten initial /0/ strongly (78.15 vs. 163), then slightly lengthen in medial (107.25 vs. 90),
and remain shorter than NES in final (125.4 vs. 180). The onset appears to be the most constrained environment
for /0/.
/0/: Iraqi learners are close to NES in initial (103.95 vs. 100), longer in medial (68.85 vs. 50), and dramatically
longer in final (151.35 vs. 60), consistent with difficulty terminating voiced frication naturally at the end of a
word.
/s/: Iraqi learners are slightly shorter in initial (156 vs. 173), longer in medial (138.05 vs. 110), and notably
longer in final (243.4 vs. 190), producing an extended coda hiss.
/z/: Traqi learners are close in initial (123.7 vs. 129), longer in medial (101.05 vs. 70), and extremely long in
final (220.05 vs. 90), creating a strong impression of “dragging” voicing/frication at word edges.
/f/: Traqi learners shorten initial /f/ (139.3 vs. 184), are close in medial (128.65 vs. 120), and lengthen in final
(234.35 vs. 200), showing the common pattern of onset shortening but coda extension.
/3/: Iraqi learners shorten initial /3/ (118.25 vs. 143), match NES in medial (79.1 vs. 80), and greatly lengthen
in final (168.55 vs. 90). This again suggests that intervocalic contexts stabilize production, while coda contexts
encourage temporal exaggeration.
6.2. Discussion
This section interprets the main differences between Iraqi and native English speakers regarding established
acoustic accounts of fricatives. The current results show that Iraqi EFL learners primarily differ from native
English speakers in spectral shaping (CoG). The differences in amplitude and duration are smaller and less
consistent. The most noticeable CoG deviations occur in the voiced non-sibilants (/v, d/), which exhibit
extremely low CoG values compared to native English speaker norms. In contrast, /s/ displays a very high CoG
with a significant group effect. These patterns support the idea in acoustic phonetics that fricatives are best
distinguished by how turbulence noise is filtered by vocal-tract cavities, especially the front cavity before the
constriction (Fant, 1960)CoG provides a strong hint about fricative place distinctions (Forrest et al., 1988). The
current pattern—high CoG for /s/ and lower CoG for /f/—matches classic articulatory-acoustic explanations. A
tighter constriction near the teeth creates a shorter front cavity and thus higher-frequency concentration for
alveolar /s/, while post-alveolar /f/ usually has a longer front cavity (often with lip rounding), which lowers the
dominant noise frequencies (Fant, 1960; Ladefoged & Maddieson, 1996; Ladefoged & Johnson, 2015).
Specifically, within English, Jongman et al. (2000) report clear spectral separation among fricatives, showing
that sibilants have higher spectral means than non-sibilants, and that systematic differences relate to place and
voicing. In this context, the Iraqi learners’ overshoot for /s/ can be seen as hyper-articulation toward a very
anterior, sharply defined constriction—Ieading to excess high-frequency energy—instead of a failure to create
frication. In contrast, the very low CoG values for /v/ and /d/ in Iraqi productions fit long-established
aerodynamic and source-filter accounts. Sustaining voicing while creating a turbulent oral constriction is
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inherently difficult because vocal-fold vibration competes with the pressure drop necessary for strong frication
noise (Fant, 1960; and the general voiced—voiceless difficulty noted in the background). Gordon et al. (2002)
emphasize that fricative categories group by sibilance and place across languages, noting that spectral dispersion
relates to the articulatory configuration shaping the noise source. The Iraqi pattern suggests that learners can
produce strong sibilant-type spectra but struggle when coordinating voicing with weaker non-sibilant
constrictions, especially for segments that are phonologically marked or less stable in the L1-to-L2 mapping.
Amplitude differences are present but smaller than CoG effects in these findings. This agrees with Jongman et
al. (2000), who show that intensity patterns for fricatives depend on how amplitude is measured and on the
balance of low-frequency voicing energy and high-frequency turbulence. Additionally, the tendency for Iraqi
learners to produce slightly higher intensity for several non-sibilants and voiced fricatives can be read as an
effort-based strategy similar to patterns found in “clear speech.”Maniwa et al. (2009) show that clearer speaking
styles improve certain acoustic cues (including stronger fricative energy and often more obvious contrasts),
which can raise overall intensity and exaggerate articulatory targets. From this angle, Iraqi learners’ elevated
amplitude might show an effort to enhance perceptual salience—especially for fricatives known to be difficult
in Arabic-to-English acquisition (e.g., /v/ and dental fricatives).Duration results suggest that learners sometimes
lengthen frication, particularly in final position, but the statistical tests in the paper reveal many non-significant
group differences for duration, indicating high variability within groups. This context is informative when
compared to earlier work: Jongman et al. (2000) and Baum and Blumstein (1987) note that voiceless fricatives
are typically longer than voiced fricatives and that duration can serve as a cue for voicing, especially in syllable-
initial contexts Behrens and Blumstein (1988) further illustrate that duration helps differentiate sibilants from
non-sibilants in English (with /s, [/ generally being longer than /f, 6/ under similar conditions). The Iraqi
learners’ varied duration pattern indicates that timing is not consistently used as a stable phonetic cue across
speakers; rather, it may be applied unevenly as a compensatory strategy (e.g., to mark word edges or enhance
segmental salience), which would naturally reduce group-level significance despite observable mean
differences.Finally, when considering together, the differences between Iraqi learners and native English
speakers reveal a spectral-target issue and voicing-frication coordination, rather than just problems with
loudness or timing. The findings reflect core concepts from Fant’s source-filter theory (the filtering role of
cavity configuration), articulatory descriptions of fricative place in Ladefoged’s work, and the spectral-moments
concept from Forrest et al. (1988). At the same time, connections with Jongman et al. (2000) and Maniwa et al.
(2009) suggest that learners may overemphasize certain cues (like /s/ spectral energy and intensity in
challenging fricatives) while not achieving native-like spectra for voiced non-sibilants. This suggests a need for
visual-acoustic feedback (coaching based on spectrograms of spectral targets) and explicit training of the
aerodynamic conditions for voiced fricatives (like maintaining voicing while producing frication), instead of
relying solely on imitation. If you want, I can also reformat this section to match your exact thesis style,
maintaining the same paragraph length and transition phrases, and insert it directly after your current 6.2 text
with minimal changes to surrounding sections.
7. Conclusions
The acoustic and statistical analysis in this study lead to several important conclusions about how Iraqi EFL
learners pronounce English fricatives. This study aimed to examine the acoustic features of English fricative
consonants produced by Iraqi EFL learners and to compare their results with those of native English speakers.
The analysis used an acoustic phonetic approach and focused on three main parameters: Center of gravity
(CoG), duration, and amplitude. This study looked at eight English fricatives (/f, v, 0, 0, s, z, [, 3/) in initial,
medial, and final word positions. The results allow for several clear conclusions.The findings confirm that Iraqi
EFL learners differ significantly from native English speakers in how they produce English fricatives.
Comparing their results to those of native speakers revealed consistent differences in spectral, temporal, and
CoG measures. Sibilant fricatives, like /s/ and /[/, were produced with much higher CoG values than those found
for native speakers. This suggests that Iraqi learners produced these sounds with more pronounced spectral
features and tighter constrictions. The CoG values were generally higher for sibilants, pointing to increased
effort in articulation. Additionally, they produced fricatives with longer durations, especially at the end of
words, indicating a heavy reliance on temporal cues to differentiate sounds and boundaries. Finally, amplitude
results show that Iraqi EFL learners are generally close to NES amplitude patterns, but significant group
differences occur for several fricatives, especially /f/, /v/, /8/, and /0/, where learners often produce higher mean
intensity, suggesting greater articulatory effort. By contrast, the sibilants (/s, z, [, 3/) show no reliable amplitude
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differences from NES, indicating more native-like loudness patterns for these sounds across positions. These
findings show that the acoustic characteristics of Iraqi EFL learners’ fricatives differ from native norms. They
also indicate that the production of Iraqi EFL learners’ fricatives is still inaccurate at the university level.
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