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Abstract
This study presents an instrumental phonetic account of the intelligibility 
of Saudi Spoken English (SSE) consonants. Few studies have investigated 
the spoken consonants of highly proficient EFL teachers in Saudi Arabia. This 
research informs on how intelligible SSE consonants are perceived by General 
American English (GAE) listeners using the Koffi (2021) intelligibility framework. 
Traditionally, intelligibility has been measured by having listeners transcribe 
speakers’ utterances. How well the speech is transcribed demonstrates a certain 
level of intelligibility. Koffi (2021) has proposed an acoustic approach to measuring 
consonant intelligibility using acoustic thresholds of Just Noticeable Differences 
(JND) combined with considerations for Relative Functional Load (RFL). An 
analysis of 23 segments spoken by 32 Saudi EFL teachers using acoustic correlates 
for intensity, duration, F2, and F3 inform the results. The quantitative results based 
on 1,280 tokens suggest that Saudi speakers of English are perceived as intelligible 
by GAE listeners when specifically analyzing their consonant production. Missing 
L1 segments [p] and [g], and substituting segments [f] for [v] does not impact 
intelligibility. Only the female participants did not distinguish their [ɹ] from [l]. 
Findings confirm that Saudi teachers of English can be intelligible in the segmental 
production of consonants.
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1. Introduction1. Introduction

With a paradigm shift in pronunciation principles with Levis’ seminal paper 
in 2005, intelligibility has been widely accepted as a more desired goal 
than sounding native. This shift has also confirmed that pronunciation is a 
matter of both the speaker and the listener, removing the learning burden 
from speakers only. Intelligibility can be defined at the lexical level as the 
decoding of specific spoken words by listeners (Levis, 2018). Traditionally 
in second language (L2) research (Munro & Derwing, 1995; Kennedy 
& Trofimovich, 2008), this has been accomplished by having listeners 
transcribe speakers’ utterances. How well the speech is transcribed 
demonstrates a certain level of intelligibility. This same focus on word-
based features (Levis, 2018, p. 24) at the segmental level has been heavily 
studied, specifically for speakers of Japanese English with the /l/ and /ɹ/ 
pair. Intelligibility studies focused on L2 pronunciation at the segmental 
level have also been extensively studied in acoustic phonetics since 1999.

Intelligibility in acoustic phonetics draws directly from work in the late 
1940s directed by physicists, engineers, and psychoacoustic researchers 
striving to make one human communication invention as intelligible as 
possible: the modern telephone. Most notable was the work conducted 
by Fletcher for Bell Laboratories between the 1920s and the 1960s, 
delivering scientific measurements for “auditory thresholds, intensity 
discrimination, frequency discrimination, tone-on-tone masking, tone-
in-noise masking, the critical band, the phon scale of loudness, and the 
articulation index” (Yost, 2015, p. 49). Based on these discoveries, the 
field of phonetics changed from impressionistic assessment of sounds to 
methodical scientific measurements when the first spectrographs appeared 
in 1952 and then became widely available in the US in the 1980s. In 1995, 
another revolution in phonetics came to life with the release of Praat by 
Boersma and Weenink. Praat gave the power to measure acoustic sounds 
instrumentally by simply using a desktop computer.

Since the paradigm shift towards intelligibility in L2 research, only 
a few studies have used the word-based decoding abilities of acoustic 
phonetics to inform about L2 speech intelligibility. Such studies all relate 
to the framework developed by Koffi (2021), who developed a quantitative 
method of analysis to measure the intelligibility of L2 pronunciation both 
at the segmental and suprasegmental levels. Specifically, since 2012, Koffi 
has measured over 12,000 speech tokens from 67 non-native speakers 
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to derive the first acoustic phonetic approach to measuring intelligibility. 
He does so by combining the works of Fletcher (1940, 1953) in using 
the Critical Band Theory (CBT), Just Noticeable Differences (JNDs) for 
relevant acoustic correlates classified by natural class and Catford’s (1987) 
Relative Functional Load (RFL).

The present study focuses on a specific context that has not yet 
received much attention in academic research, mainly the acoustic phonetic 
characteristics of Saudi Spoken English (SSE) by Saudi EFL teachers. 
Previous word-based feature research (Duris, 2021) focused on vowel 
intelligibility and showed Saudi English teachers having highly intelligible 
vowels. This study will continue exploring the intelligibility of these 
teachers by focusing on their consonants. This continuation is important 
to grow a solid body of findings to inform about the complete intelligibility 
of Saudi Spoken English. Furthermore, this study and future ones from the 
author intend to build a complete acoustic phonetic profile of SSE for both 
segmental and suprasegmentals. Responding to Zielinski’s (2015) call, this 
paper intends to inform further on “features of pronunciation [segmental 
vs. suprasegmental] as part of an integrated and interactive system, where 
the production of one can influence the other” (p. 402). Additionally, this 
study intends to help inform L2 teachers on how to approach intelligibility, 
specifically when dealing with pronunciation pedagogy in a Saudi EFL 
context.

2. Literature Review2. Literature Review

As this article is set to inform the complete acoustic correlates of consonants 
in Saudi Spoken English, distinguishing the characteristics of General 
American English (GAE) and Modern Standard Arabic (MSA) consonants 
is essential. GAE and MSA share most sounds that have the same natural 
class. However, some distinctions may contribute to intelligibility barriers. 
The first part of this literature review will briefly account for the consonant 
charts for both GAE and MSA and provide both languages’ major consonant 
characteristic features. This will help in pinpointing phonetic similarities 
and differences between the two languages. The second part of this chapter 
will detail the framework developed by Koffi (2021), which will be used 
in this study to expand on the acoustic correlates of consonants for SSE. 
It will also detail past studies that have used this framework and how 
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findings from this research will inform the speech intelligibility of Saudi 
Spoken English consonants.

2.1 Consonant Characteristics of GAE and MSA2.1 Consonant Characteristics of GAE and MSA

This first part of the chapter focuses on GAE and MSA consonant 
characteristics. As highlighted previously, understanding the similarities 
and differences between the L1 (Modern Standard Arabic) and the target 
L2 (GAE) helps understand which speech features may interfere with 
intelligibility. Graph 1 below presents the GAE chart of consonants for all 
three features discussed.

Graph 1: GAE Consonant Chart (Koffi, 2021)

GAE includes a total of 24 consonants. For this study, the following 
consonants (boxed in red) are not explored: the semi-vowel [j], the palatal 
fricative [ʒ], and the two palatal affricates [tʃ] and [dʒ], which are not 
present in the corpus used for this study to measure SSE consonants. To 
compare these target consonants of L2 for Saudi learners, the Modern 
Standard Arabic consonants from Alghamdi (2015) are presented in 
Graph 2.
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Graph 2: Modern Standard Arabic Consonant Chart 
(Alghamdi, 2015)

Modern Standard Arabic includes 28 consonants (Ibrahim et al., 2020) 
with additional manner and place features not encountered in GAE. To 
better assess the similarities and differences between the target L2 (GAE) 
and the L1 (MSA), consonants from both languages are combined into a 
GAE and MSA consonant chart. Changes are made to accommodate both 
languages, as seen in Graph 3 below.

Graph 3: GAE and MSA Consonant Comparison Chart
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Consonants highlighted in red in Graph 3 show a possible phonemic 
mismatch due to the sound being only available in the target language 
(L2). Inversely, all consonants highlighted in green show a possible match 
as the sound is available in both GAE and MSA. A third category highlighted 
for comparison are consonants in yellow. These consonants occur only in 
MSA; however, they have a similar counterpart in the place of articulation 
that occurs in GAE and MSA. Lastly, consonants highlighted in blue only 
occur in MSA and have no equivalency in GAE in one of the nodes. The 
possible phonemic match represents 49% of the shared consonants. Only 
16% of consonants may cause a possible mismatch due to no equivalence 
in the L1. However, some possible interference from consonants may occur 
at the same level as the low interference may occur at 16%, as shown in 
Graph 4.

Graph 4: GAE and MSA Phonemic Contrasts

As mentioned in the introduction, a larger number of studies have used 
the Koffi (2021) framework to assess the intelligibility of vowels, while 
few of them have expanded into consonants. This study intends to fill 
this gap while expanding on existing data for the intelligibility of Saudi 
Spoken English vowels. This study will also respond to the methodological 
consideration set out by Flege (1987) to consider “intergroup differences” 
(p. 288). Flege (1987) recommends gathering measurements from groups 
of at least 6 to 12 participants to “observe a systematic phonetic difference 
between groups” (p. 288). This study provides such a number for both 
female and male participants. The following section will detail the Koffi 
(2021) framework for intelligibility.
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2.2 Koffi’s (2021) Framework for Intelligibility2.2 Koffi’s (2021) Framework for Intelligibility

This research study uses the Koffi (2021) framework to assess intelligibility 
for L2 Englishes. This framework is the central tenet in Koffi’s (2021) book 
titled Relevant Acoustic Phonetics of L2 Englishes. The book offers the first 
literature that combines the seminal works of acousticians like Fletcher, 
modern phoneticians like Ladefoged, and intelligibility linguists like Levis 
to the Second Language Acquisition field. For over nine years, Koffi analyzed 
12,000 tokens of L2 Englishes and developed the first acoustic phonetic 
driven intelligibility theory. The Acoustic and Masking Intelligibility (AMI) 
condition posits that:

“Segments that are acoustically close may mask each other with 
only a minimal risk to intelligibility unless their relative functional 
loads dictate otherwise” (Koffi, 2021, p. 55).

The first part of this section will describe the Koffi (2021) framework in 
detail, followed by a descriptive account of how it will be used to determine 
the intelligibility of SSE consonants. 

The Koffi framework (2021, pp. 37–55) gathers the following 
principles: correlate hierarchy, Critical Band Theory (CBT), Just Noticeable 
Differences (JNDs), Acoustic Masking, and Relative Functional Load (RFL) 
to give a complete assessment of L2 English intelligibility. The correlate 
hierarchy (pp. 37–40) expands on how acoustic correlates for formants, 
duration, and intensity, used to show relevance for specific segments, need 
to be weighted to assess intelligibility. In other words, “some correlates are 
more relevant than others for specific classes of sounds” (p. 37). Harvey 
Fletcher, also known as the father of stereophonic sound, developed the 
Critical Band theory as part of his findings in 1953. He identifies the 
frequency bands commonly known as formants (F0, F1, F2, F3) in acoustic 
phonetics. CBT is used in the framework to pinpoint the limits to which each 
formant can be perceived. The third principle in the Koffi framework for 
intelligibility relates the Just Noticeable Differences. JNDs are also known 
as acoustic thresholds, which Koffi (2021) describes as thresholds “which 
segments, and natural classes of segments are optimally perceived” (p. 
46). Vast research has been conducted around JNDs for every formant in 
English and other languages, which Koffi describes in detail (2021, p. 40). 
JNDs for F1 and F2 have been researched by Scharf (1961), Mermelstein 
(1978), Hawks (1994), and Labov et al. (2006). For F3 and F4, JNDs have 
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been validated by Scharf (1961). For VOT, the findings for JNDs have been 
obtained by Lisker and Abramson (1964), Byrd and Toben (2010), Fant 
(1960), Hirsh (1959), Abel (1972), Miller (1981), Phillips et al. (1994), 
Stevens (2000), Lehiste (1970) and Quené (2004), and for intensity, 
the JND is confirmed by Hansen (2001). Combined with the CBT, it is 
now possible to relate the acoustic correlates with specific formants with 
specific thresholds for human speech perception. Graph 5 summarizes 
these principles.

Graph 5: Correlates and JNDs for Segmentals and Suprasegmentals 
(Koffi, 2021, p. 38)

The fourth element is acoustic masking which Fletcher developed in 
1953. Masking refers to the sounds that can impose their features on 
other sounds for speech intelligibility. As Koffi (2021) describes it, “if two 
sounds overlap significantly in relevant acoustic properties, then masking 
can cause intelligibility to be compromised” (p. 47). The final principle of 
the framework is the Relative Functional Load. RFL is specifically suited 
for intelligibility because it prioritizes the sounds that have the biggest 

formants with specific thresholds for human speech perception. Graph 5 summarizes these 

principles. 
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by Koffi (2021), available in Appendix A and B. Based on errors and the RFL, Koffi makes a 

direct relationship whereas "if a person substitutes Segment A for Segment B, the degree of 

intelligibility is directly proportional with their RFL" (2021, p. 48). This is seen in Graph 6, 

which gives a final assessment of intelligibility after considering correlate hierarchy, CBT, 

JNDs, and Acoustic Masking. 
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impact on frequency in the language. Levis (2018) contends that “more 
frequent phonemes are likely to play a larger role in intelligibility than 
less frequent ones” (p. 82). Koffi’s framework explanation credits Catford 
(1987) for compiling the RFL values, which were then organized for 
consonants and vowels by Koffi (2021), available in Appendix A and B. 
Based on errors and the RFL, Koffi makes a direct relationship whereas “if a 
person substitutes Segment A for Segment B, the degree of intelligibility is 
directly proportional with their RFL” (2021, p. 48). This is seen in Graph 6, 
which gives a final assessment of intelligibility after considering correlate 
hierarchy, CBT, JNDs, and Acoustic Masking.

Graph 6: Correlations between RFL and Intelligibility 
(Koffi, 2021, p. 50)

In sum, the Koffi framework gathers many principles in various fields 
dealing with speech production and perception to provide a robust and 
quantitative method to determine the intelligibility of L2 speech by way 
of acoustic phonetic analysis. The following section will detail how this 
framework has been used to determine the intelligibility of consonants for 
L2 Englishes. Given the theoretical thresholds of consonants seen in Graph 
5, consonants for SSE will be analyzed by their stops (VOT), fricatives, 
nasals, and approximants. For each acoustic correlate, the specific 
methodology used in previous studies will also be the guiding model for 
this study. As such, the research questions for this study are:

1. Can SSE consonants produced by Saudi EFL teachers be perceived 
intelligibly by GAE listeners considering the lack of some consonant 
segments in MSA? (RQ1)
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2. If intelligibility is compromised, which segments are used to 
compensate for this? (RQ2)

 Do these substitutions also affect intelligibility when used? (RQ3)

3. Methodology3. Methodology

3.1 Participants3.1 Participants

For this empirical study, 32 Saudi adults were recruited (23 females and 9 
males). As in most acoustic phonetic analyses of a homogenous group, the 
participants are separated into their biological differences. Kent & Read 
(2002, p. 194) confirm that male vocal tracts are generally longer than 
female ones, leading to lower formant frequencies. 

The mean age for the female Saudi group is 32 years old, and all of 
them were born in Saudi Arabia except for one born in Canada. All females 
reside in Riyadh and are EFL teachers at the world’s largest female-only 
university. Most of these female participants (69%) ascribe their Modern 
Standard Arabic dialect to Najdi, while the second shared dialect is Hijazi 
(17%). More than half of this group (56%) self-reported having lived 
outside Saudi Arabia, in an Inner Circle country. A majority shared that 
they attribute “entertainment” (English spoken in movies, TV shows, and 
the internet) as a major contributing factor to their L2 fluency. A complete 
sociometric report with linguistic data is available in Appendix C. 

A total of 9 Saudi males also participated in this study. As shown in 
Appendix D, this group’s average age is 34 years old, they are EFL instructors 
in higher education institutions, and most of them speak a Najdi dialect of 
MSA. Graph 7 shows a dialect map of Saudi Arabia highlighting the five 
dialects used in the Kingdom of Saudi Arabia (KSA).
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Graph 7: Dialects of Modern Standard Arabic in KSA1

3.2 Data Collection Instruments3.2 Data Collection Instruments

For all participants, the acoustic data was captured using a SONY ICD-
UX560F (2018-12) voice recorder with stereo samples formatted in MP3 
(sample rate of 44.1 kHz). A fixed microphone integrated into a headphone 
was used to keep an equal distance between the mouth and the microphone. 
The microphone is a Cardioid (unidirectional) with a calibrated frequency 
response between 50 and 20,000 Hz. The audio samples were converted 
from MP3 format down to a WAV mono file, keeping the sampling rate at 
44.1 KHz. The data captured was analyzed using the computer program 
Praat (Boersma & Weenink, 2022) to measure the acoustic correlates of 
intensity, duration, F2, and F3.

1 Provided by Dr. Mansour Alghamdi on March 28th, 2020 in Riyadh, KSA
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3.3 Procedures3.3 Procedures

To extract the data for this study, the elicitation paragraph used is similar to 
the one used for previous consonant studies mentioned in the introduction 
(Zhang, 2014; Koffi, 2015; Koffi & Ribeiro, 2016; and Koffi, 2019). The 
paragraph is from George Mason University’s, Speech Accent Archive text 
(Weinberger, 2015). Weinberger (2015) explains that most of the segment 
sounds of English are present in this text. Koffi (2021) describes that this 
elicitation text contains all common English sounds “except the vowel [ʊ], 
the semi-vowel [j], the palatal fricative [ʒ], and the palatal affricate [dʒ]” 
(p. 66):

Please call Stella. Ask her to bring these things with her from 
the store: Six good spoons of fresh snow peas, five thick slabs 
of blue cheese, and maybe a foot-long sandwich as a snack for her 
brother Bob. We also need a small plastic snake, the little yellow 
book, a rubber duck, and a paper Ipad. She should not forget the 
dog video game and the big toy frog for the kids. She must leave 
the faked gun at home, but she may bring the ten sea turtles, the 
mat that my mom bought, and the black rug. She can scoop these 
things into three red bags and two old backpacks. We will go 
meet her, Sue, Jake, and Jenny, Wednesday at the very last train 
station.

Participants were asked to read the above text to capture speech sounds 
as they would be uttered in continuous form. Duris (2021) mentions that 
this approach gives two benefits: context and frequency. The participant is 
unaware of which words are to be analyzed and focuses on reading words 
with clear and familiar context. Secondly, the elicitation paragraph uses 
high frequency words that most L2 learners use. One drawback of using 
connected speech instead of words in isolation for a segmental analysis 
of consonants is the lack of word boundaries. In their 2015 research, 
Alameen and Levis define “connected speech,” citing Lass (1984) as “the 
processes that words undergo when their border sounds are blended 
with neighboring sounds” (p. 160). These processes are so common that 
they proposed six categories (linking, deletion, insertion, modification, 
reduction, and multiple) based on the literature (Alameen & Levis, 2015, 
p. 161).
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3.4 Analysis3.4 Analysis

Each natural class was assigned specific words from the elicitation 
paragraph to analyze and measure the key consonants under investigation. 
Table 1 provides a visual representation of all segments that were analyzed 
for this study.

Stops

peas big toy (W)day kids go

[p] [b] [t] [d] [k] [g]

Fricatives

six please five five thick these

[s] [z] [f] [v] [θ] [ð]

her she plastic (W)day

[h] [ʃ] [t̪] [d̪]

Nasals

meet need bring

[m] [n] [ŋ]

Approximants

call Stella red we

[ɫ] [l] [ɹ] [w]

Table 1: Target Words for each Segments Analyzed by Natural Class

Segments highlighted in red represent those sounds that may cause 
intelligibility issues since they are not present as a phonemic category in 
MSA, according to Table 1. Additionally, for fricatives, two segments were 
added to accommodate for the increasing substitutions of [θ] for [t̪] and 
[ð] for [d̪] in GAE (Koffi, 2021). Once all tokens were assigned, automated 
separation of the sounds was programmed using the Montreal Forced 
Aligner (MFA) tool inside Praat. For this study, the MFA tool was used to 
eliminate the redundancy of manually creating phone delimitations for 
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all participants. Since this data was manually verified for the tokens used, 
there are no adverse effects on the reliability of MFA on the data for this 
study. Next, to ensure data validity, all the tokens were reviewed manually 
inside Praat to ensure that the MFA tool correctly separated each target 
sound.

With each target sound isolated, a manual analysis of VOT was 
conducted for each stop token and every participant (192 tokens). Next, 
using Praat, all fricative, nasal, and approximant tokens were manually 
reviewed and labeled with a unique identifier to automate the data 
extraction using a Praat script. Once all remaining tokens were manually 
delimited and labeled in Praat, each participant’s annotated TextGrid files 
were run through a modified Praat script to extract intensity, duration, F2, 
and F3 (1,088 tokens). Graph 8 shows a completed TextGrid analysis for 
participant KSAF17.

Graph 8: Praat Analysis Items for Participant KSAF17

Graph 8 details the automated and manual process completed for each 
participant. For KSAF17, this Praat window is focused on the utterance 
“we will go.” Label 1 is a tier completed automatically by the MFA tool 
without manual intervention. Label 2 details the segment level delimitation 
using the MFA tool. The voiced velar approximant [w] is focused, which 
was manually adjusted with label 3. Label 3 shows the identifier manually 
inserted, confirming the segment’s measurable area. Lastly, label 4 shows 
the manual VOT delimitation for stop [g], which is different from the MFA 
alignment on tiers 1 and 2. The Praat script used to extract measurements 
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for the fricatives, nasals, and approximants is a modified one created by 
Dr. Elvira-Garcia. Specific parameters were determined to measure the 
participants’ data accurately, mainly for the differences in vocal tract length 
between the female and male speakers.

In summary, the methodology used to determine the intelligibility of 
Saudi Spoken English consonants adheres closely to one followed in previous 
studies (Koffi, 2015 and Koffi, 2021). Most of the methodology from this 
work has also been preserved in this study with few modifications. These 
modifications include using the Montreal Forced Aligner (McAuliffe et al., 
2017) and a Praat script (by Dr. Elvira-Garcia) to automate the extraction 
of measurements. This was done to automate some tedious pointing and 
clicking, which Praat is less user-friendly when dealing with large data 
sets. All of the consonant findings presented in the results section following 
have been carefully reviewed manually to preserve reliability and validity.

4. Results4. Results

The results section presents a full analysis of the key consonants of English 
as spoken by female and male Saudi EFL teachers and an intelligibility 
assessment of those segments is provided. Under investigation are the 
acoustic characteristics of SSE for stops (VOT), fricatives, nasals, and 
approximants. The following results will be sectioned into those four 
categories of consonants, whereas each section will give results for female 
participants first, then their male counterparts. This results section will 
depart from the traditional acoustic phonetic practice of providing all 
measured tokens in tables to limit the word count. Appendix E and F 
provide all detailed measurements. All in all, this section gives the first 
instrumental analysis for acoustic correlates in SSE consonants (1,280 
tokens) for 32 participants.

4.1 The Stops of Saudi Spoken English4.1 The Stops of Saudi Spoken English

As seen previously in Graph 3, stops are also present in Modern Standard 
Arabic with four voiceless stops and only two voiced stops. Most favorable 
to unintelligibility is the lack of the voiceless bilabial [p] for Saudi speakers 
of English. The Relative Functional Load (Appendix A) described by 
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Catford (1987) shows that [p] in English carries a high load in word-initial 
position (98%). The second missing segment in MSA, the voiced velar [g], 
carries a lesser load at 49% for a word-initial position. 

The key results for stops will be assessed for intelligibility using the 
previously discussed Koffi (2021) framework. Graph 5 details that the 
acoustic correlate for stop segments is Voice Onset Time and that certain 
segments have different temporal thresholds in GAE. Those thresholds 
(JND) used for stops inform any masking of segments and drive the 
intelligibility assessment of those consonants. Koffi (2021) proposes the 
following “JND for intelligibility” (p. 113) of bilabial, alveolar, and velar 
stops. For bilabial stops, “voiceless bilabial stops do not mask their voiced 
counterparts if their VOT is ≥ 26 ms and voicing during the hold period 
is less than 40%. If not, masking may occur.” For alveolar stops, “voiceless 
alveolar stops do not mask their voiced counterparts if their VOT is ≥ 34 ms 
and voicing during the hold period is less than 40%. If not, masking may 
occur.” Lastly, “voiceless velar stops do not mask their voiced counterparts 
if their VOT is ≥ 42 ms and voicing during the hold period is less than 
40%. If not, masking may occur.” With these intelligibility conditions in 
place, female SSE measured stops are summarized in Table 2.

Word peas big toy (W)day kids go

Segment [p] [b] [t] [d] [k] [g]

Female SSE SD 29.1 85.6 20.7 8.7 10.6 26.5

Female SSE Mean 69 -57 82 18 58 14

Lisker & Abramson 28 7/-65 39 9/-56 43 17/-45

JND (VOT) ≥ 26 ms ≥ 34 ms ≥ 42 ms

Table 2: Female Saudi Spoken English VOTs (in ms)

The Lisker and Abramson (1964) measurements for GAE stops are provided 
to contrast the expected VOT values for listeners. For these 23 female 
participants, 138 VOT tokens were manually measured, resulting in the 
following observations. The mean VOT of SSE bilabial stops falls within 
the same thresholds as those of GAE expected values. The [p] segment was 
produced with a VOT of 69 ms on average. This shows that these female 
Saudi EFL teachers can confidently produce a missing segment in their L1. 
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It is done by lengthening their [p] by more than 40 ms than GAE speakers. 
The JND threshold is also attained (≥ 26 ms), and no intelligibility issues 
should result since no masking occurs. For the alveolar stops present in MSA, 
female participants produced them in line with GAE speakers. Similarly, 
SSE velar stops are clearly produced within the known measurements for 
GAE, causing no intelligibility issues. The mean value for segment [g] is 
14 ms, which is within the measured VOT for GAE speakers, according to 
Lisker and Abramson (1964). In summary, the 23 female participants are 
highly intelligible when producing English stops. They can compensate for 
two missing segments in their L1 ([p] and [g]). A feature of SSE female 
stops is the lengthening of all voiced segments by at least 15 ms compared 
to their GAE counterparts.

For their nine male colleagues, 54 tokens were manually measured 
to account for the characteristics of their SSE stops. Table 3 compiles their 
VOTs.

Word peas big toy (W)day kids go

Segment [p] [b] [t] [d] [k] [g]

Male SSE SD 25.0 65.0 25.1 9.6 15.3 50.7

Male SSE Mean 45 -34 60 22 58 -17

Lisker & Abramson 28 7/-65 39 9/-56 43 17/-45

JND (VOT) ≥ 26 ms ≥ 34 ms ≥ 42 ms

Table 3: Male Saudi Spoken English VOTs

Like their female counterparts, all nine of these Saudi educators can produce 
all of the stops for GAE. Segments [p] and [b] are within the comparable 
VOT means with GAE for the bilabial segments. The [p] segment is not 
available in the L1; however, they produce a [p] slightly lengthened by 17 
ms. For an assessment of intelligibility, on average, these participants fulfill 
the conditions laid out earlier, with their voiceless stop above the JND of 
≥ 26 ms. Some individual cases do not agree with the group. For example, 
participant KSAM3 produced a short [p] at 12 ms. Since the RFL for [p] 
is 98%, this is deemed “poor intelligibility” according to Graph 6. The 
participants produced the missing MSA segment [g] within the GAE range 
[g]. This is contrasted by a consequent variability with a high standard 
deviation at 50.7 ms. To conclude, all nine participants show that they 
can produce the missing stops from their L1 comparable to GAE stops and 
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above the JND for intelligibility. The high numbers in standard deviation 
for 5 out of 6 stops show that individual variability exists, and intelligibility 
problems could occur in SSE stops.

4.2 The Fricatives of Saudi Spoken English4.2 The Fricatives of Saudi Spoken English

The inventory of fricatives in MSA is larger than that of GAE. With 11 
segments in MSA against eight for American English speakers, the voiced 
labiodental [v] is not a phoneme in Arabic. Fricatives should not be a 
challenge for Saudi speakers of English in general; as Graph 3 shows, they 
have 80% of possible phonemic match. Some considerations for RFL and 
intelligibility are needed. Appendix A shows that [v] and [f] in word-final is 
has a small load at 9%. This is good for Saudi speakers of English, showing 
that intelligibility will not be a frequent effect for them. According to the 
Koffi (2021) framework, the acoustic correlate for fricatives is intensity 
(in dB), and its Just Noticeable Difference threshold is ≥ 3 dB (Hansen, 
2001). The consideration of intelligibility for fricatives is summarized as 
such by Koffi (2015):

“Fricatives can be substituted one for another without interfering 
with intelligibility if they agree in place of articulation and 
voicing, and if the intensity distance between the two is ≤ 3 dB” 
(p. 8)

To evaluate the possible perception of GAE listeners, the data set for 
fricatives and all other remaining consonants will be that of 10 GAE 
participants (5 females and 5 males). These 10 participants have also read 
the same elicitation text, and their data is available on the Speech Accent 
Archive. Table 4 gives information on 5 female GAE fricative measures.

Word six please five five thick these her she plastic (W)day

Segment [s] [z] [f] [v ̥] [ɵ] [ð] [h] [ʃ] [t ̪] [d ̪]

CA 32 F 67 64 58 59 65 72 60 68 62 67

GA 330 F 70 64 48 64 59 62 53 60 56 61

NY 6 F 74 75 70 58 58 64 67 68 65 65

OR 184 F 72 74 66 64 63 undef 74 72 71 70
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TX 286 F 74 84 66 67 63 73 70 72 71 71

Female 
GAE 

Mean
71 72 62 62 62 68 65 68 65 67

Female 
GAE SD

3.0 8.3 8.6 3.7 3.0 5.4 8.3 4.8 6.6 4.0

Table 4: Female GAE Fricatives (intensity in dB)

The SSE fricatives mean measurements for 23 female Saudi EFL teachers 
are detailed below in Table 5. A total of 10 segments were instrumentally 
measured for intensity for a total of 230 tokens.

Word six please five five thick these her she plastic (W)day

Segment [s] [z] [f] [v ̥] [ɵ] [ð] [h] [ʃ] [t ̪] [d ̪]

Female 
SSE SD

5.1 5.7 5.4 4.6 7.0 7.5 3.8 5.2 8.6 8.5

Female 
SSE 

Mean
64 67 52 56 50 51 57 72 55 54

GAE 
Mean

71 72 62 62 62 68 65 68 65 67

Table 5: Female Saudi Spoken English Fricative Measurements 
(intensity in dB)

Data from the female participants confirm, overall, that intensity plays 
a part in discriminating between the different types of fricatives. Only 
segments [θ] and [ð] show a perceptually similar intensity. This could be a 
group-specific finding since the participants are inconsistent in producing 
these sounds with a deviation of 7.0 and 7.5, respectively. Results for 
segment [v] show that the fricative threshold is respected with a perceptual 
difference between [f] at 52 dB and [v] at 56 dB. However, while marking 
the spectrograms for this segment, it was noted that all female participants 
(23) produced [v] for [f]. Graph 9 shows the spectrogram of KSAF19 for 
an SSE [f] segment in word-initial and [v] segment in word-final. [v] for 
[f].
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Graph 9: Spectrogram of Word “five” for Participant KSAF19

Ladefoged (2005) informs about the characteristics of the [f] segment 
where “the noise is made by air being forced through a narrow gap” (p. 
56), which is apparent in the purple window in Graph 9 for [f] and [v]. For 
voicing, it is described as a “voiceless fricative” (Ladefoged, 2005, p. 56) 
which is also apparent in the bottom portion of the orange window. With 
an RFL at 9%, this substitution is likely to cause little effect on intelligibility. 
The male measurements will validate if this is a particular feature of SSE.

Focus now is given to the male participants. Consistent with the female 
teachers, an assessment of intensity as an acoustic correlate is covered, 
along with the [f] and [v] pair. The GAE mean provided is from the Speech 
Accent Archive, which gives measurements for five male participants. The 
male SSE fricatives are presented in Table 6, which accounts for 90 spoken 
tokens.
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Word six please five five thick these her she plastic (W)day 
Segment [s] [z] [f] [v̥] [ɵ] [ð] [h] [ʃ] [t̪] [d̪] 
Male SSE SD 8.7 6.6 4.6 3.8 2.3 8.7 7.4 6.6 6.2 7.2 
Male SSE 
Mean 
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Word six please five five thick these her she plastic (W)day

Segment [s] [z] [f] [v ̥] [ɵ] [ð] [h] [ʃ] [t ̪] [d ̪]

Male SSE 
SD

8.7 6.6 4.6 3.8 2.3 8.7 7.4 6.6 6.2 7.2

Male SSE 
Mean

64 67 56 55 55 54 60 70 57 63

GAE Mean 69 71 63 61 62 67 66 66 63 68

Table 6: Male Saudi Spoken English Fricative Measurements 
(intensity in dB)

The intensity factor for these Saudi teachers shows mixed results. Segments 
[s], [z], [h], [ʃ], [t̪], and [d̪] show a perceptual distance greater than 3 
dB while the acoustic distance for [f], [v], [θ], and [ð] is under 3 dB. 
For the segments of interest, similar to the female teachers, nine out of 
nine participants have used [f] in place of the word-final [v]. Since 32 
participants made this substitution, we can relate this result to Flege & 
Bohn’s (2021) findings that “L1 phonetic categories in learners do “interfere 
and sometimes block” the creation of L2 categories” (p. 23). 

To conclude, the high correspondence of MSA fricatives to GAE ones 
works in favor of Saudi speakers of English. All 32 participants produced 
the segment [v] as [f], confirming findings from Koffi’s (2021) work on 
Arabic fricatives. An impressionistic review of segments is still needed to 
detect fricatives using thresholds. This point will be explored in future 
studies. As for intelligibility considerations, since [v] and [f] have a small 
RFL load (9%), this segment is deemed to have “good intelligibility” 
according to Graph 6.

4.3 The Nasals of Saudi Spoken English4.3 The Nasals of Saudi Spoken English

Nasals in Modern Standard Arabic share two of three nasals in GAE. 
Alghamdi (2015) confirms that segment [m] is a voiced bilabial while [n] 
is a voiced alveolar in MSA. The voiced velar [ŋ] will be the focus of this 
section to highlight how Saudi EFL teachers produce this segment and 
if intelligibility can be a problem. Catford’s (1987) RFL findings for the 
voiced velar [ŋ] in word-final point to an 18% load when replaced by [n] 
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and 14% for [m]. Like fricatives, any substitutions in nasals have a low 
impact on intelligibility in Saudi Spoken English. Research conducted by 
Koffi (2021, pp. 179-180) on the nasals of GAE, using the same read speech 
data, point to intensity as a potential acoustic correlate for distinguishing 
between [m] and [n]. Duration, on the other hand, is an acoustic correlate 
between [m] and [n], and [n] and [ŋ] only. The JND threshold for intensity 
is ≥ 3dB and for duration ≥ 10 ms, according to Koffi (2021). Formants 
are also a cue to nasal intelligibility with their respective JNDs, as shown 
in Graph 5. In brief, segments [m] and [n] will be perceived as similar 
between an L1 and an L2, so long as their acoustic distance is ≤ 200 Hz 
for F2. For segment [ŋ], the threshold looks at F3 as the strongest cue, and 
the respective JND is ≤ 400 Hz.

The measurements for SSE nasals are presented next. First, the 
findings for intensity and duration are provided along with measurements 
for F2 and F3. The results presented for both female and male SSE nasals 
are derived from the measurements of 276 tokens. Table 7 shows intensity 
and duration results for female participants.

Intensity (dB) Duration (ms)

Word meet need bring meet need bring

Segment [m] [n] [ŋ] [m] [n] [ŋ]

Female SSE SD 3.5 4.3 5.2 21.7 22.0 39.3

Female SSE Mean 66 68 64 91 64 111

Female GAE Mean 70 73 70 86 60 95

Table 7: Female SSE Intensity and Duration of Nasals

For this group, intensity seems to be an acoustic cue to differentiate between 
SSE [n] and [ŋ] with an acoustic distance above the JND threshold (≥ 3 
dB). A stronger cue is duration with all three segments perceptually above 
the 10 ms threshold. Table 8 details the measurements for F2, and F3.
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F2 (Hz) F3 (Hz)

Word meet need bring meet need bring

Segment [m] [n] [ŋ] [m] [n] [ŋ]

Female SSE SD 346.2 465.9 414.3 99.2 370.1 126.7

Female SSE Mean 1494 1708 1487 2615 2775 2678

Female GAE Mean 1520 1838 1968 2646 2865 2768

Table 8: Female SSE Formant Measurements of Nasals

Based on the JND thresholds discussed previously, the F2 of SSE segment 
[m] (1494 Hz) is perceived as similar than the GAE [m] (1520 Hz) with 
only 26 Hz between them. The same occurs for segment [n]. The SSE 
alveolar is within the 200 Hz JND of GAE segment [n]. Lastly, for segment 
[ŋ], the participants produced this missing L1 sound within the 400 Hz 
JND of GAE, making it an intelligible segment. The results for their male 
counterparts are presented next. Table 9 details the intensity and duration 
for male SSE nasals.

Intensity (dB) Duration (ms)

Word meet need bring meet need bring

Segment [m] [n] [ŋ] [m] [n] [ŋ]

Male SSE SD 4.3 2.4 4.2 33.0 18.4 55.4

Male SSE Mean 66 72 67 87 71 144

Male GAE Mean 69 73 72 82 67 79

Table 9: Male SSE Intensity and Duration of Nasals

For male Saudi teachers, intensity is a cue to discriminate between [m] and 
[n], and [n] and [ŋ]. More robust is duration, whereas all three segments 
have more than 10 ms between them. Table 10 looks at the F2 and F3 for 
male SSE nasals.
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F2 (Hz) F3 (Hz)

Word meet need bring meet need bring

Segment [m] [n] [ŋ] [m] [n] [ŋ]

Male SSE SD 200.3 344.0 547.6 171.4 231.8 216.0

Male SSE Mean 1540 1609 1634 2453 2434 2477

Male GAE Mean 1458 1536 1381 2528 2542 2372

Table 10: Male SSE Formant Measurements of Nasals

Similar to the female SSE measurements, all results for the male group 
show that segments [m], [n], and [ŋ] are intelligible to GAE listeners. 
The F2 values for SSE [m] and [n] are within 200 Hz of the GAE group. 
Segment [ŋ] is within the 400 Hz threshold, making nasals produced by 
male participants intelligible to GAE listeners. In conclusion, although 
segment [ŋ] is not present in MSA, both female and male participants 
produce it without substitution and are intelligible to GAE listeners. The 
most relevant acoustic cue for SSE nasals is duration over intensity.

4.4 The Approximants of Saudi Spoken English4.4 The Approximants of Saudi Spoken English

The approximants of GAE are separated into liquids and glides. Leaving 
[j] aside, since it is not investigated here, two out of three segments are a 
phonemic match between GAE and MSA ([l] and [m]). The MSA segment 
[r] is a voiced alveolar trill, while the GAE segment [ɹ] is a voiced palatal 
approximant. This segment will be a focus for this section. One possible 
consequence to intelligibility when considering RFL occurs between 
[l] and [ɹ] in word-initial, with a high load at 83%. However, since the 
MSA segment [l] is similar to that of GAE and MSA’s [r] is trilled, this RFL 
consideration may not be necessary. The acoustic cues for approximants 
in GAE show that intensity is not a factor, duration only discriminates 
between [ɹ] and [w], and F3 is a strong indicator between [l] and [ɹ] 
(Koffi, 2021, pp. 206–208). The JND threshold used by Koffi (2021) for 
liquids considers that “[r] masks [l] if its F3 is ≥ 2,600 Hz, unless it is 
trilled” (p. 208). Since trilling is possible as an L1 transfer feature for SSE, 
determining the JND of when trilling occurs for [r] is important. Ladefoged 
(2003) contends that the degree of trilling (in Hz) can be determined by 
dividing the absolute duration (1000 ms) over the relative duration of the 
segment. The threshold for trilling has also been determined ≥ 22 Hz. 
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Data of approximants (276 tokens) produced by female Saudi 
EFL teachers are presented with findings for intensity, duration and F3 
measurements of SSE segments [ɫ], [l], [ɹ], and [w] in Table 11.

Female participants do not perceptually distinguish their approximants 
by way of intensity. Only the SSE segment [ɹ] seems to have a significant 
intensity difference; however, the high standard deviation of 9 dB shows 
inconsistency in the way it is produced by this group. Similarly, with duration, 
the SSE segment [ɹ] is lengthened by 24 ms compared to the GAE segment, 
making this perceptually different. The degree of potential vibration is 13.15 
Hz (1000/76), way below the threshold to qualify as a trilled [ɹ]. With F3 
the most salient formant to determine intelligibility of [ɹ] for L2 speakers, 
Table 11 shows that the 23 female participants produce the segment above 
2600 Hz, which according to the JND indicates that [ɹ] is masking [l] since 
these participants to not trill their [ɹ] segment. Furthermore, according 
to Graph 5 seen previously, the JND for approximants is ≥ 400 Hz. Any 
acoustic distance for F3 measurements below this JND between SSE and 
GAE is deemed perceptually similar. SSE segments [ɫ], [l], and [w] show 
no intelligibility issues, while SSE segment [ɹ] may be a contributor to poor 
intelligibility and could be confused with [l] by GAE listeners. To see if this 
is also the case for the male participants, Table 12 shows the intensity and 
duration, and F3 for male SSE approximants.

Results show that intensity is a dependable acoustic correlate in male 
SSE approximants for distinguishing between [ɫ] and [w] only. Duration is 
an acoustic cue for distinguishing between [l] and [ɹ] only. Furthermore, 
similar to their female colleagues, the SSE segment [ɹ] is lengthened (by 
28 ms) and could be a strategy to accommodate for this new L2 category. 
The F3 value of segment [ɹ] is below the JND threshold for masking with 
[l]. Overall, all four SSE segments are perceptually intelligible since the 
acoustic distance is less than 400 Hz for similar segments in GAE. Overall, 
both female and male participants use duration as a robust acoustic correlate 
to distinguish their approximants. Additionally, the MSA segments present 
in GAE transfer without causing intelligibility issues. Only the female SSE 
[ɹ] segment has been shown to potentially cause masking with [l]. If so, 
the RFL shows a load of 83% and causes poor intelligibility. This was not 
observed with the male participants.
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5. Discussion and Conclusion5. Discussion and Conclusion

This empirical research offers a rare glimpse into the segmental features 
of English as spoken by Saudi EFL teachers. To this day, research that has 
looked into the L2 speech of Saudi speakers of English overwhelmingly 
focuses on younger participants in an ESL setting. This work on 
consonants further informs on the segmental features and intelligibility 
of Saudi Spoken English after being done so for vowels (Duris, 2021) for 
a population working as EFL teachers in Saudi Arabia’s most prestigious 
universities. The methodology used for this research is drawn from 
several phoneticians and acousticians in perceptual thresholds for General 
American English and the pronunciation work on intelligibility from Levis 
(2005). In 2012, Koffi started research to combine such findings in acoustic 
phonetics and intelligibility for L2 Englishes. Since then, many works have 
been published using Koffi’s framework for intelligibility, and this research 
is the first one dedicated to consonants of Saudi L2 English. When looking 
into L2 segmentals from a bottom-up approach, the L1 has a large impact 
on the production and perception of new sounds (Flege & Bohn, 2021). 

Regarding RQ1, the study divides consonants into four main groups 
to answer this research question, focusing on stops, fricatives, nasals, and 
approximants. For the stops, the missing segments in MSA are the voiceless 
bilabial [p] and the voiced velar [g]. All other stops have a possible 
phonemic match since their features (glottal state, place, and manner) 
are similar. For both female and male participants, results show that all six 
segments of stops are produced intelligibly, including the missing L1 MSA 
segments [p] and [g]. Furthermore, the instrumental data from the 32 
participants show that lengthening is an apparent strategy used to produce 
segment [p]. The female SSE [p] is lengthened by 15 ms compared to 
known GAE thresholds. The male segment [p] is lengthened by 17 ms 
compared to GAE. For fricatives, the missing segment in MSA is only the 
voiced labiodental [v]. All 32 participants produced the L2 target segment 
[v] as a voiceless labiodental [f]. The perceptual difference is only present 
for the female participants while the male participants do not distinguish 
their segment [f] and [v] using intensity. This may cause an intelligibility 
interference further covered in RQ2 and RQ3. For nasals, both groups of 
Saudi EFL teachers could produce intelligibly the only missing GAE nasal 
in their L1, the voiced velar [ŋ]. Duration is the strongest acoustic correlate 
to distinguish nasals when analyzing SSE. Some differences occurred 



Mahdi Duris: The Acouistic Intelligibility of Consonants in Saudi Spoken English

37

between the two groups with the last consonant group, approximants. 
In MSA, the rhotic segment is different because it is trilled. This did not 
affect the male participants, who produced intelligibly the voiced palatal 
[ɹ] within the same acoustic distance as GAE known literature data. 
However, this is different for the female EFL teachers, who show a potential 
intelligibility barrier for segment [ɹ], which can mask segment [l]. This is 
further developed in RQ2 and RQ3 next. 

Two specific segments in SSE could not be perceived intelligibly based 
on the acoustic correlates and associated thresholds. The male participants’ 
fricative segment [v] was substituted by the voiceless labiodental [f]. 
When considering RFL for such change, Appendix B points to a 9% load for 
a word-final replacement. This substitution does not affect intelligibility 
as a whole, and it will be perceived as “good intelligibility,” according to 
Graph 6. For the approximant segment [ɹ], the acoustic measurements 
have shown that the female participants do not distinguish their SSE [ɹ] 
from their SSE [l] segment. The substitution used by these speakers does 
not refer to their L1. It is conclusive from the measurements that female 
SSE [ɹ] is not trilled; however, since F3 is the acoustic correlate used to 
distinguish these two segments, a lack of lip rounding and protrusion 
may be at play. It is also important to highlight that the threshold for this 
segment is ≥ 2,600 Hz. The female participants passed this threshold by 
only 89 Hz, with a total standard deviation for this segment at 347 Hz. 
Human errors in measurements should be considered. With a confusion 
of [ɹ] for [l], potential GAE listeners would not distinguish the segments 
clearly. This masking affects intelligibility since the RFL for this pair carries 
an 83% load, which is deemed “poor intelligibility” (Graph 6). 

To conclude, Saudi Spoken English consonants would almost all be 
perceived intelligibly by typical GAE listeners in this study. With a total of 
five segments not present in their L1, these Saudi EFL teachers show a high 
level of intelligibility. Even when a substitution occurs ([f] for [v]), the low 
relative functional load for this pair in English proves beneficial for these 
L2 speakers.
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Appendix A:Appendix A: Relative Functional Load Percentages  Relative Functional Load Percentages 
(Koffi, 2021, pp. 49-50)(Koffi, 2021, pp. 49-50)

Appendix A: Relative Functional Load Percentages (Koffi, 2021, pp. 49-50) 
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Appendix B: Appendix B: RFL continuedRFL continued
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Appendix C:Appendix C: Linguistic Profile Data for Female Saudi   Linguistic Profile Data for Female Saudi  
ParticipantsParticipants

Participant Age
Country 
of Birth

City of 
Birth

Cities lived 
in KSA

Dialect 
ascription

Inner 
Circle life

If yes, age 
outside 

KSA

If yes, 
English 
used?

Age of 1st 
Spoken 
English

Age of 1st 
Eng class

Major Contrib. to 
fluency

KSAF1 35 KSA Jeddah Jeddah 
Riyadh

Hijazi UK / 
Canada

Adult Yes 12 13 Entertainment

KSAF2 30 KSA Riyadh Riyadh Najdi - - - 12 11 NS Interaction

KSAF3 27 KSA Riyadh Riyadh Najdi - - - 7 7 Entertainment/NS 
Interaction

KSAF4 31 KSA Riyadh Riyadh Najdi UK / USA Child/Adult Yes 12 12 Entertainment

KSAF5 35 KSA Riyadh Riyadh Najdi - - - 5 11 Entertainment

KSAF6 37 KSA Riyadh Riyadh Najdi USA Child Yes 7 3 Inner Cirlce 
Childhood

KSAF7 34 KSA Riyadh Riyadh Southern - - - 11 11 Sibling

KSAF8 31 KSA Riyadh Riyadh Najdi - - - 12 16 Entertainment/NS 
Interaction

KSAF9 45 KSA Riyadh Riyadh Najdi UK Adult Yes 18 17 NS Interaction

KSAF10 29 KSA Medina Medina 
Riyadh

Hijazi - - - 6 6 Entertainment

KSAF11 29 KSA Riyadh Riyadh Najdi USA Child Yes 8 5 School

KSAF12 35 KSA Riyadh Riyadh Najdi USA Child No 6 6 Inner Cirlce 
Childhood

KSAF13 30 KSA Taif Taif Riyadh Hijazi USA Child Yes 6 6 Inner Cirlce 
Childhood

KSAF14 34 KSA Jubail Dammam 
Riyadh

Gulf USA Child Yes 13 13 NS Interaction

KSAF15 35 KSA Riyadh Riyadh Hijazi
-

- - 12 12 Entertainment

KSAF16 30 KSA Riyadh Riyadh Najdi Australia Adult Yes 11 11 Entertainment

KSAF17 41 KSA Riyadh Riyadh Najdi Canada Child Yes 13 13 Entertainment/NS 
Interaction

KSAF18 34 KSA Riyadh Riyadh Najdi - - - 6 12 Entertainment/NS 
Interaction

KSAF19 37 KSA Riyadh Riyadh Najdi USA Adult Yes 13 13 NS Interaction

KSAF20 31 KSA Riyadh
Jubail 

Jeddah Hail 
Riyadh

Northern - - - 12 12 School

KSAF21 19 KSA Ottowa, 
CA

Riyadh Najdi Canada Child Yes 5 5 Inner Cirlce 
Childhood

KSAF22 25 KSA Jeddah
Jeddah 

Riyadh Taif  
Tabuk

Najdi - - - 13 9 Entertainment/NS 
Interaction

KSAF23 30 KSA Riyadh Riyadh Najdi UK/US Adult Yes 7 7 Tutoring

Appendix C: Linguistic Profile Data for Female Saudi Participants 
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Appendix D:Appendix D: Linguistic Profile Data for Male Saudi  Linguistic Profile Data for Male Saudi 
ParticipantsParticipants

Participant Age
Country of 

Birth
City of 
Birth

Cities 
lived in 

KSA

Dialect 
ascription

Inner 
Circle 

life

If yes, age 
outside KSA

if yes, 
English 
used?

Age of 1st 
Spoken 
English

Age of 1st 
Eng class

Major Contrib. to 
fluency

KSAM1 30 KSA Riyadh Riyadh Najdi - - - 21 15 NS Interaction

KSAM2 28 USA Michigan Riyadh Najdi USA Child/Adult Yes 5 5 Inner Circle Childhood

KSAM3 28 KSA Makkah Makkah 
Riyadh

Najdi Canada Adult Yes 5 9 Entertainment

KSAM4 31 KSA Buraydah Buraydah 
Riyadh

Najdi USA Adult Yes 16 15 Entertainment/NS 
Interaction

KSAM5 38 KSA Riyadh Riyadh Najdi - - - 19 13 School

KSAM6 39 KSA Riyadh Riyadh Najdi - - - 16 13 Entertainment

KSAM7 53 KSA Medina Riyadh Najdi - - - 19 13 NS Interaction

KSAM8 32 KSA Riyadh Riyadh Northern UK/US Adult Yes 11 11 NS Interaction

KSAM9 28 KSA Riyadh Hafir Batin Najdi USA Adult Yes 24 17 NS Interaction

Appendix D: Linguistic Profile Data for Male Saudi Participants 
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Appendix E: Appendix E: Female SSE Analyzed TokensFemale SSE Analyzed Tokens
Appendix E: Female SSE Analyzed Tokens 
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Appendix F:Appendix F: Male SSE Analyzed Tokens Male SSE Analyzed Tokens
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