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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 [1] from [1].
Findings confirm that Saudi teachers of English can be intelligible in the segmental
production of consonants.
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1. 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 /1/ and /1/
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 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 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.

Place of Articulation (POA)
Bilabial | Labiodental | Interdental | Alveolar | Palatal Velar Glottal
o= voice |p <pat> t <tap> k<cat>
% + voice |b <bat> d g <gap>
<dapper>
@ |- voice f <fat> 6 <thatch> |s<sat> | [ <sharp> h <hat>
25
g -2 |+ voice v <vat> 8 <that> z <zap> |3 <genre>?
< |~
.E & | —voice tf <chap>
=15
= |2
2 £ |+ voice d3 <jab>
E <
S |z |+ voice | m <mat> n <nap> D
Bt w
E 2 <fang>
g = 1 <lap> 1 <rat>
& |+ voice
-
3 Jj<yap> Jw
5 + voice <what>
Se—

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 [3], and the two palatal affricates [tf] and [d3], 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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Bilabial | Labiodental | Intercatal | Alveodentsl | Abveopalutal |  FPulatal Velar Labvelar | Uralar | Phoryogeal |  Glottal
Al A gt | i ny | A g PRI g e ol g i s ol FE
Masal o, e
i
Stop b te ds ka aé 2.
yak
Emphatic (LI L
oo LI
Frieative fo|Beds|swzs|fv Xe ¥ | hz Sg | h=
)
Emphatic N v;
Fricative** e o .
PR
Giide X
3 L]
o
Lateral 14
o
Tri | #
Fhs |

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.

Place of Articulation (POA)
Bilabial Labiodental  Interdental Alveolar Palatal Velar Uvular  Pharyngeal Glottal
GAE MSA GAE MSA  GAE MSA GAE MSA  GAE MSA GAE MSA GAE MSA GAE MSA GAE MSA
[+ volce] ~ pepate - tetapr  te<tar ket kekafr - gegafr == D<hamzahe
[+voice] bebatr  beba> dedappers  dedab ggEap =
—~ Fricative - voice] fefatr fefa> Bethaich> Betha» sesat  sceen> [esharp [<sheens -- x<kha» -- he<ha> hehat  h<har
é +voice] vaa = bchan fedhab  zasp  zaayp - yeghayn - feayn
S g [
6 [+voice] m<mat> m<meem> n<nap>  n<noon> ndangz =
E; = voice]
% Liquid [+ voice] ldap>  leam>  semt =
; [+ voice] - r<m>
. (- voice] wewhats Wowaow>
E Glide f+voice]
E Emphatic (- volce] - <tg>
Stop [+ voice] - dedads
Emphatic (- volce] - sfeats
Fricative [+ voice] - Fedhar

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.

GAE & MSA CONTRASTS

M Possible phonemic match

W Possible phonemic
mismatch

M Possible interference from 16%
L1

Low interference from L1 16%

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 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 (FO, 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.

No. | Segments/Suprasegments | Acoustic Correlates JND Thresholds
Vowels
1. | Vowels F1 > 60 Hz
Vowels F2 >200 Hz
3. | Vowels F3 > 400 Hz
Consonants
1. | Stops Voice Onset Time (VOT) > 26, 34,42 ms
2. | Fricatives and affricates Intensity >3dB
3. | Nasals F2 for [m] and [n] >200 Hz
4. | Nasals F3 for [n] and [p] > 400 Hz
5. | Approximants F3 > 400 Hz
6. | Voicing ratios Length in milliseconds 40/60
Suprasegmentals
1. | Stress FO/Pitch >1Hz
2. | Intensity Intensity >3dB
3. | Duration Signals less than 200 ms >10 ms
4. | Duration Signals between 200-300 ms | > 20 ms
5. | Duration Signals over 300 ms >40ms

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
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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 RFTY (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.

No. | RFL Intelligibility Rating

1 0-24% Good intelligibility

2 25-49% | Fair intelligibility

3. 50-74% | Mediocre intelligibility
e 75-100% | Poor intelligibility

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. Methodology

3.1 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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Saudi Main Dialects
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Graph 7: Dialects of Modern Standard Arabic in KSA!

3.2 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.

! Provided by Dr. Mansour Alghamdi on March 28%, 2020 in Riyadh, KSA
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3.3 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 [v],
the semi-vowel [j], the palatal fricative [3], and the palatal affricate [d3]”
(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 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] (8]
Fricatives

six please five five thick these
[s] [z] [f] [v] (6] (3]
her she plastic (W)day

[h] (/1 (d [d]

Nasals

meet need bring

[m] [n] [n]

Approximants

call Stella red we

(1] (1 [1] [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 [0] for [t] and
[6] for [d] 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.

0.7878

-0.6489]
5000 Hz|

0Hz

w1 we will 2o e3104)
2 w vl w | AHO | L G |0w1 f;‘,"g“)“
ints
3 w (3 > (35)

§ @kl s

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. 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 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 “IND 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 g0
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 presentin 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 g0
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 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]1 | [zl | [fl | [vl | [e] [61 | [l | I [t] [d]
CA32F 67 64 58 59 65 72 60 68 62 67
GA330F 70 64 48 64 59 62 53 60 56 61
NYG6F 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 71 72 62 62 62 68 65 68 65 67
Mean
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] vl [e] [a] (bl | [ [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 64 67 52 56 50 51 57 72 55 54
Mean
GAE o1 72 |62 | 62 | 62 | 68 | 65 |68 | 65 | 67
Mean

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 [0] and [0] 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

[£].
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[+labiodental] [+labiodental]

[-voice] [-voice]

F AY1 A%

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 | [s1 | [z] | [fl | [v]l | [e]l | [8]1 | [h]1 | [f] [t] [d]

MalseDSSE 87| 66 | 46|38 | 23 | 87 | 74 | 66| 62 | 72

Male SSE | ¢, | 67 |56 | 55 | 55 | 54 | 60 | 70 | 57 | 63
Mean

GAEMean | 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], [J1, [t], and [d] show a perceptual distance greater than 3
dB while the acoustic distance for [f], [v], [0], and [8] 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 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 [n] 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 [g] 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 [n] 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 [n], 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] [n] [m] [n] [nl
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 [n] 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] [n] [m] [n] nl
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
[n], 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] [nl [m] [n] [n]
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 [n]. 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] nl [m] [n] [n]
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 [n] are intelligible to GAE listeners.
The F2 values for SSE [m] and [n] are within 200 Hz of the GAE group.
Segment [n] is within the 400 Hz threshold, making nasals produced by
male participants intelligible to GAE listeners. In conclusion, although
segment [n] 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 English

The approximants of GAE are separated into liquids and glides. Leaving
[j]1 aside, since it is not investigated here, two out of three segments are a
phonemic match between GAE and MSA ([1] and [m]). The MSA segment
[r] is a voiced alveolar trill, while the GAE segment [1] is a voiced palatal
approximant. This segment will be a focus for this section. One possible
consequence to intelligibility when considering RFL occurs between
[1] and [1] in word-initial, with a high load at 83%. However, since the
MSA segment [1] 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 [1] and [w], and F3 is a strong indicator between [1] and [i]
(Koffi, 2021, pp. 206-208). The JND threshold used by Koffi (2021) for
liquids considers that “[r] masks [1] 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 [t], [1], [1], and [w] in Table 11.

Female participants do not perceptually distinguish their approximants
by way of intensity. Only the SSE segment [1] 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 [1] is lengthened by 24 ms compared to the GAE segment,
making this perceptually different. The degree of potential vibrationis 13.15
Hz (1000/76), way below the threshold to qualify as a trilled [1]. With F3
the most salient formant to determine intelligibility of [1] for L2 speakers,
Table 11 shows that the 23 female participants produce the segment above
2600 Hz, which according to the JND indicates that [1] is masking [1] since
these participants to not trill their [1] 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 [1], [1], and [w] show
no intelligibility issues, while SSE segment [1] may be a contributor to poor
intelligibility and could be confused with [1] 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 [t] and [w] only. Duration is
an acoustic cue for distinguishing between [1] and [1] only. Furthermore,
similar to their female colleagues, the SSE segment [1] is lengthened (by
28 ms) and could be a strategy to accommodate for this new L2 category.
The F3 value of segment [1] is below the JND threshold for masking with
[1]. 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
[1] segment has been shown to potentially cause masking with [1]. 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 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 [g]. Duration is the strongest acoustic correlate
to distinguish nasals when analyzing SSE. Some differences occurred
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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
[1] 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 [1], which can mask segment [1]. 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 [1], the acoustic measurements
have shown that the female participants do not distinguish their SSE [1]
from their SSE [1] segment. The substitution used by these speakers does
not refer to their L1. It is conclusive from the measurements that female
SSE [1] 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 [1] for [1], 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.

37



Belgrade BELLS

References

Abel, S. M. (1972). Duration discrimination of noise and tone bursts. The
Journal of the Acoustical Society of America, 51(4B), 1219-1223.

Alameen, G., & Levis, J. M. (2015). Connected speech. The handbook of
English pronunciation, 157-174.

Alghamdi, M. (2015). Arabic Phonetics and Phonology, Al-Toubah
Bookshop. Riyadh, Kingdom of Saudi Arabia.

Boersma, P & Weenink, D. (2022). Praat: doing phonetics by computer
[Computer program]. Version 6.2.05, retrieved 5 January 2022 from
http://www.praat.org/

Byrd, D., & Mintz, T. H. (2010). Discovering speech, words, and mind. John
Wiley & Sons.

Catford, J. C. (1987). Phonetics and the teaching of pronunciation. ed.
by J. Morley, 87-100. Current Perspectives on Pronunciation: Practices
Anchored in Theory. Washington, DC: Teachers of English to Speakers
of Other Languages.

Duris, M. (2021). “Vowel Intelligibility Analysis of Female Saudi Spoken
English,” Linguistic Portfolios: Vol. 10 , Article 3.

Fant, G. (1998). Acoustical Analysis of Speech. In: Handbook of Acoustics,
ed. by Malcom J. Crocker, 1245-1254. New York: A Wiley-Interscience
Publication, John Wiley and Sons, Inc.

Flege, J. E. (1987). The instrumental study of L2 speech production: Some
methodological considerations. Language Learning, 37(2), 285-296.

Flege, J., & Bohn, O. (2021). The Revised Speech Learning Model (SLM-r).
In R. Wayland (Ed.), Second Language Speech Learning: Theoretical and
Empirical Progress (pp. 3-83). Cambridge: Cambridge University Press.
doi:10.1017/9781108886901.002.

Fletcher, H. (1940). Auditory Patterns. Reviews of Modern Physics 12: 47-65.

Fletcher, H. (1953). Speech and Hearing in Communication. New York: D.
Van Nostrand Company, Inc.

Hansen, C. H. (2001). Fundamentals of acoustics. Occupational Exposure to
Noise: Evaluation, Prevention and Control. World Health Organization,
23-52.

Hawks, J. W. (1994). Difference limens for formant patterns of vowel sounds.
The Journal of the Acoustical Society of America, 95(2), 1074-1084.

Hirsh, 1. J. (1959). Auditory perception of temporal order. The Journal of
the Acoustical Society of America, 31(6), 759-767.

38



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

Ibrahim, A. B., Seddiq, Y. M., Meftah, A. H., Alghamdi, M., Selouani, S. A.,
Qamhan, M. A. & Alshebeili, S. A. (2020). Optimizing arabic speech
distinctive phonetic features and phoneme recognition using genetic
algorithm. IEEE Access, 8, 200395-200411.

Kennedy, S., & Trofimovich, P (2008). Intelligibility, comprehensibility and
accentedness of L2 speech: The role of listener experience and semantic
context. Canadian Modern Language Review, 64, 459—-489.

Kent, R. D. & Read, C. (2002). The acoustic analysis of speech. Singular.

Koffi, E. (2015). “The Pronunciation of Voiceless TH in Seven Varieties
of L2 Englishes: Focus on Intelligibility,” Linguistic Portfolios: Vol. 4,
Article 2.

Koffi, E. (2019). “An Acoustic Phonetic Account of the Confusion between
[1] and [n] by some Chinese Speakers,” Linguistic Portfolios: Vol. 8,
Article 6.

Koffi, E. (2021). Relevant acoustic phonetics of L2 English: Focus on
intelligibility. CRC Press.

Koffi, E. & Ribeiro, L. D. (2016). “An Acoustic Phonetic Portfolio of a
Portuguese-Accented English Idiolect,” Linguistic Portfolios: Vol. 5,
Article 8.

Ladefoged, P (2003). Phonetic data analysis: An introduction to fieldwork
and instrumental techniques. Wiley-Blackwell.

Ladefoged, P (2005). Vowels and consonants (Vol. 1). Wiley-Blackwell.

Lehiste, I. (1970). Suprasegmentals. Cambridge, MA: The MIT Press.

Levis, J. M. (2005). Changing contexts and shifting paradigms in
pronunciation teaching. Tesol Quarterly, 39(3), 369-377.

Levis, J. M. (2018). Intelligibility, oral communication, and the teaching of
pronunciation. Cambridge University Press.

Lisker, L., & Abramson, A. S. (1964). A cross-language study of voicing in
initial stops: Acoustical measurements. Word, 20(3), 384-422.

McAuliffe, M., Socolof, M., Mihuc, S., Wagner, M., & Sonderegger, M.
(2017). Montreal Forced Aligner: Trainable Text-Speech Alignment
Using Kaldi. In Interspeech (Vol. 2017, pp. 498-502).

Mermelstein, P (1978). Difference limens for formant frequencies of
steady-state and consonant-bound vowels. The Journal of the Acoustical
Society of America, 63(2), 572-580.

Miller, J. L. (1981). Some effects of speaking rate on phonetic perception.
Phonetica, 38(1-3), 159-180.

39



Belgrade BELLS

Munro, M. J., & Derwing, T. M. (1995). Foreign accent, comprehensibility,
and intelligibility in the speech of second language learners. Language
Learning, 45,(1), 73-97.

Phillips, S. L., Gordon-Salant, S., Fitzgibbons, P J., & Yeni-Komshian, G. H.
(1994). Auditory duration discrimination in young and elderly listeners
with normal hearing. Journal of the American Academy of Audiology,
5(3), 210-215.

Quené, H. (2004). What is the Just Noticeable Difference for tempo in
speech?. LOT Occasional Series, 2, 149-158.

Scharf, B. (1961). Complex sounds and critical bands. Psychological
Bulletin, 58(3), 205.

Stevens, K. N. (2000). Acoustic phonetics (Vol. 30). MIT press.

Weinberger, S. (2015). Speech Accent Archive. George Mason University.
Retrieved from http://accent.gmu.edu

Yost, W. A. (2015). Psychoacoustics: A brief historical overview. Acoustics
Today, 11(3), 46-53.

Zhang, B. (2014). “An Acoustic Phonetic Portfolio of a Chinese-Accented
English Idiolect,” Linguistic Portfolios: Vol. 3, Article 11.

Zielinski, B. (2015). 22 The Segmental/Suprasegmental Debate. The
handbook of English pronunciation, 397.

40



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

Appendix A: Relative Functional Load Percentages

(Koffi, 2021, pp. 49-50)
No. | Word Percentage | Word | Percentage | Words Vowel Percentage
Initial Final Phonemes’
1. k/h 100 d/z 100 bit/bat N vs. &/ 100
2 p/b 98 di 76 beet/bit fil vs. I/ 95
3. pk 92 n/l 75 bought/boat | /o/ or /a/ vs. /o/ 88
4. p/t 87 vd 72 bit/but I vs. Ia/ 85
5. p/h 85 d/n 69 bit/bait N vs. lel 80
6. s’h 85 I/z 66 cat/cot &/ vs. [/ or /a/ 76
7 /A Ir 83 vk 65 cat/cut &/ vs. In/ 68
8. b/d 82 vz 61 cot/cut /3] or /la/ vs. /a/ 65
9. vk 81 I/n 58 caught/curt | /a/ or /a/ vs. /& / 64
10. | Us 81 t/s 57 coat/curt lo/ vs. /& / 63
1. [ d1l 79 p/t 43 bit/bet W vs. Ie/ 54
12. | p/f 77 p/k 42.5 bet/bait 1€l vs. le/ 53
13. | b/w 76 m/n 42 bet/bat Iel vs. l=/ 53
14. | dr 15 s/z 38 coat/coot /ol vs v/ 51
15. | h/zero 74 vt 31 cat/cart /@l vs. la / 51
16. | vd 73 k/g 29 beet/boot i/ vs. lo/ 50
17. | blg 71 *t/6 27 bet/but e/ vs. I/ 50
18. | t/h 69 kit 26 bought/boot | /o/ or /a/ vs. /v/ 50
19. | fis 64 b/d 24 hit/hurt W vs.Ix/ 49
20. | n/l 61 d/g 23 beat/beard N/ vs. lia-/ 47
21. | m/n 59 viz 22 pet/pot e/ vs. la/ 45
22. | dg 56 d/d3 22 hard/hide la/ vs. laV/ 4+t
23. | 55 b/m 21 bet/bite 1€l vs. la/ 43
24. | sif 53 g/n 21 cart/caught | /a/vs./a/ or /o/ 43
25. | dm 53 blg 20 cart/cur la/vs.Ix/ 41
26. [ kig 50 n/n 18 boat/bout /ol vs. lav/ 40.5
27. | gw 49 p/f 17 cut/curt Ialvs. Ix | 40
28. | nfr 41 s/0 17 cut/cart Iafvs. la! 38
29. vy 39 d3/z 16 Kay/care lel vs. fe! 35
30. | dids 39 m/v 16 cart/cot la/vs. I/ ot [a! 315
3L | s 37 n/l 15 *here/hair | /i>~/ vs. /e/ 30
32. | g3 31 p/b 14 lightlout | /ar/vs. /av/ 30
E by 29 m/n 14 *cot/caught | /o/ vs. fa/ 26
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Appendix B: RFL continued

No. | Word Percentage | Word | Percentage | Words Vowel Percentage
Initial Final Phonemes
34, | *w/hw' 27 g/d3 13 fire/fair lara-/ vs. e/ 25
35. |y 26 ) 12 her/here a1 vs. fia- / 24
36. | *fiv 23 *fiv 9 buy/boy la/ vs. foV/ 24
37. | *viw 22 *f/6 9 car/cow e/ vs. lav/ 23
38. | dy/dr 21 tf/d3 8 her/hair ol vs. Ie-] 21
39. | s/8 21 biv 7 *tire/tower | /ara+/ vs. /ava+/ 19
40. | d3fj 20.5 sif 7 box/books | /a/ or /o/ vs. /v / 18
41. | *d/d 19 /0 7 *paw/pore | /o/ vs o/ 15
42. | *yds 19 *0/d 6 pill/pull 1 vs. fol 135
43. | *t/0 18 *d/d 5 pull/pole /vl vs. lo/ 12
4. | yir 16 v/d 1 bid/beard Nl vs. | ia-/ 11
45. | *1/0 15 bad/beard (@] vs./ i~/ 10
46. | *t/hw 13 *pin/pen i vs. €]
47. | *V 11 *put/putt vl vs. Ia/
48. | *kw/hw 8 bad/beard /@l vs. lea~] 8
49, |d/z 1 *pull/pool vl vs. / m
50. | *s/z 6 *sure/shore | /ua-/ vs. /o-/ 5
51. | *tw/kw 5 pooh/poor | /u/ vs. /ua+/ 5
52. |v/z 2 *cam/calm | /ee/ vs. /a/ 45
53. | *6/0 1 purr/poor /& 1 vs. lua-/ 45
54. | *z/8 1 good/gourd | /u/ vs. /x / 1

42




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

Appendix C: Linguistic Profile Data for Female Saudi

Participants
L. Country | City of Cities lived Dialect Inner Ifyes,. age Ifye.s, A arks Age of 1st | Major Contrib. to
Participant Age . . . L . . outside English | Spoken
of Birth | Birth in KSA ascription|Circle life N Eng class fluency
used? English
KSAFI 35  KSA | Jeddah “Sddah g Adult Yes 12 13 Entertainment
Riyadh Canada
||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 fnner Cirlee
i i ¥ Childhood
||KSAF7 34  KSA | Riyadh Riyadh  Southemn - - - 11 11 Sibling
||KSAF8 31 KSA | Riyadh Riyadh  Najdi - B - 12 16 e
Interaction
||KSAF9 45 KSA Riyadh Riyadh Najdi UK Adult Yes 18 17 NS Interaction
[KSAF10 29 KSA Medina Medina Hijazi - - - 6 6 Entertainment
Riyadh y
||KSAF11 29 KSA Riyadh Riyadh Najdi USA Child Yes 8 5 School
. . L . Inner Cirlce
KSAF12 35 KSA | Riyadh Riyadh  Najdi USA Child No 6 6
Childhood
Inner Cirlce
KSAF13 30 KSA Taif  TaifRiyadh  Hijazi USA Child Yes 6 6
|| b aif Riya vazt e Childhood
KSAF14 34  KSA | Jubail D]:};‘:;:“ Gulf USA Child Yes 13 13 NS Interaction
KSAF15 35  KSA | Riyadh  Riyadh Hijazi ) o 5 12 12 Entertainment
KSAF16 30 KSA Riyadh Riyadh Najdi Australia Adult Yes 11 11 Entertainment
||KSAF1 7 41 KSA | Riyadh Riyadh  Najdi | Canada  Child Yes 13 13 e
Interaction
. . Lo Entertainment/NS
||KSAF18 34  KSA | Riyadh  Riyadh Najdi - - - 6 12 v———
KSAF19 37 KSA Riyadh Riyadh Najdi USA Adult Yes 13 13 NS Interaction
Jubail
KSAF20 31 KSA Riyadh Jeddah Hail Northern - - - 12 12 School
Riyadh
. Ottowa, . L . . Inner Cirlce
KSAF21 19 KSA CA Riyadh Najdi Canada Child Yes 5 5 Childhood
Jeddah .
KSAF22 25  KSA | Jeddah RiyadhTaif Najdi - B - 13 9 TS
Interaction
Tabuk
||KSAF23 30 KSA Riyadh Riyadh Najdi UK/US Adult Yes 7 7 Tutoring
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Appendix D: Linguistic Profile Data for Male Saudi

Participants
el IV el £ St A Sl ey
KSA life used? English

KSAM1 30 KSA Riyadh Riyadh Najdi - - - 21 15 NS Interaction
KSAM?2 28 USA Michigan ~ Riyadh Najdi USA  Child/Adult Yes 5 5 Inner Circle Childhood
KSAM3 28 KSA | Makkah “ﬁ"l‘yk;;h Najdi | Canada  Adut Yes 5 9 Entertainment
KsAM4 31 KSA | Buaydah Bg;:jzh Nadi | USA  Adut Yes 16 15 E“tel:;:;';;ws
KSAM5 38  KSA Ryadh  Riyadh  Najdi - - - 19 13 School
KSAM6 39 KSA Ryadh  Riyadh  Najdi - - - 16 13 Entertainment
KSAM7 53 KSA Medina Riyadh Najdi - - - 19 13 NS Interaction
[KSAMS 32 KSA Riyadh Riyadh ~ Northern | UK/US Adult Yes 11 11 NS Interaction
[KSAM9 28 KSA Riyadh  HafirBatin = Najdi USA Adult Yes 24 17 NS Interaction
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Appendix E: Female SSE Analyzed Tokens

Female Saudi Spoken English VOTs (in ms) Female Saudi Spoken English Fricaiive Measurements (intensiy in dB) Female SSE intensity and Duraion of Nasals
Word v [ [ & [WEy] 5 [ B Wl W e T [ e [ et | e [ e e [ Wy Tntensity (48) Duration (ms)
at B W] @ | ™ Sl (W W W | | W | W06 ] @ Word meet | noed | bring | | meet | need | brin
Segme L O T A ing 3
KSAFD 3 %% A m 6 1% TR DR | Segment Im] | [n] | (n] [m] | [n] | [n
RSAFZ T 7| & | 2| ¥ |2 T UEIEA N KSAFI 67 | 70 |64 | [T017 | 50 [ fal
KSAR 3 EREE [H [ ] AR slajaJa|e] s [d]%]® 66 | 71 | 64 70 | 49 | 106
AR C R T S SR T EE N R I I B B B R KSAF3 66 | 5% | o6 | [109 [ %2 | o
AR T VI T o oy TR O O I I KSAF G | 13 | o7 | [ | 55 | 4
TN S T T R N KSAFS @6 | [ % @™
TGAFT Eil 7 3 5 I3 AT | . w o &® Cl w i W L} KSAF6 69 68 66 122 38 97
KSARS 7 T R ) T T IR KSAF] T | 0 | 58| (107 | % | 7|
AR T I ] i) KSAF 3 5T w (5] [ 51 il ] i KSAF8 59 59 60 132 | 2 19
I = — L I O T i I B KSAF9 6 | 68 |63 | [ 81 135 58
AT 5 = % T T N R T N N I I KSAFIH 768 | & 94 | 50 | 85
S - = - = T A S i s KSAFII 6 | 6 | 60 14 | 71 | 140
T = — 1 T EC I B I B KSAFIZ 6 | o6 | 59 | [ 6 | 50 [ 200
A - KSAFIS & |6 |6 | [ 36 |7 [ 115
T - — N N R
T C 0 B 0 I 3 KSAF14 N EERED 92 [ 50 | ur
KSAFI3 ] L T ) I B e e R R T KSAFIS G [ 68 |65 | [36 [ 9 |15
KSAFTS 70 w7 |
T R KSAFI6 O 170 |65 || 86 | 80 |l
KSAHT kil L T T S I I B e 1 KSAFIT O I T T G T
KSAFIE 10 El & Kl KSAFTY L Il 5 L [ ) 3] w @ KSAFIS [ [ (] “ & | 170
KSAFTD gl E e KSAFI G | 71 | 66 | | 76 | 80 | 127
KSAFID 57 ENEENES . - T — KSAF20 6 |65 |45 | [0 |36 |8
o ™ o e R R R e A | R A
T S
R R R R R
RSAFS 107 1] L 12 TS| ST [ 7 [ 34 | % | W | B B [ 6| & KSAF2Y ) %0 | 80 | 108
Termale SSESD BT 7 | 106 | 365 T e Female SSESD | 35 | 43 | 52 | [217 [ 220393
Fomale SSEMean | 69 [HEENED Mas Female SSE 66 | 68 | o4 | [ o0 [6f [0l
Tisker & Abramson | 28 [ R S MmN R R R R ® [ B &6 " Mean
BT —— — o FeuleGAE | 70 | 73 | 70 | | % | G0 | 9
£ == = ] Mean
Fenale SSE Formant Measurements of Nasals Female SSE Itensity and Euation of Approsimants Feanale SSE Formant Measuremenis of Approinanis
FI (1) 2 (1) 3 (Hy) Intensity (48) Duration (ms) [ (A [}
Word mect | need | bring nced | bring | mest | need | bring Word call [Stella [ red [ we | ["call [ Stella [ red [ we call | Sicll | ed [ we | coll | Sill] red | we | call [Sela] d [ we
Segment [ml | [nl | o] [ (ol | (ml [ 0] [ [of Segment [ W | W [ W |0 [ W || MW TR NN N AT AT AT AT T AT T
KSAFI 380 | 300 | 485 T30 | 1512 ] 2504 | 43 | 2609 KAFL [ 71 [ @ [ & |[n] @ [%]% R BN EEEEE RS
a0 1 2201 1 2721 13013 | 2800 | KSAF2 66 N el 46 49 55 49 600 | 619 | 422 | 827 | 1204 [ 1240 | 1251 [ 1749 | 3609 | 3313 f 2412 | 2816
KSAR) EENE 1749|2291 | 2741 | 3012 | 2809
KSAT o0 | 4o | 5 EE N I o T N T 0 N _—
Al do0 | 421 | 529 | 1S40 1557 | 1537 | 6i8 | W78 | 2693 | T T m @ [ 0] [ @ [ 0 [ B % o7 | s | s | 5 |27 | 1] 5] 0w
KSAHY 01| 430 | 607 1795 | 817 | 2574 | 2135 | 2797 T e R B R A RS BB E I EEIE
KSAFS 3| 8 | 45T 1967 | 1351 | 2659 | 2411 | 2782 T A B e o o e e S | W | | v || | | o
KSAFG 305 1601 | 1154 | 108 | 2622 | 2554 | 2523 o Tl e s ol = el AEE BRI
KSAFT 465 2436 | 2304 | 1967 | 2985 | 919 | 2878 Kok |61 & 2] @[5 ] % %] & R B S R EDE
i Ell 1446 | 1094 | 1314 | 2606 | 273 | 2710 P | 9] 8 0] %[ 6] &% [ m] 8 ECE T CEF 7 ) AP A
KSAF 0 1362 | 2504 | 1121 | 2467 | 3447 | 27010 KSAFID | 635 | 65 | 65 | 68 || 34 | 4 | o0 | 31 e R L
KSAFID 39 1340 | 1151 [ 2159 | 2477 | 3575 | 2609 Ksarll Jo1 e [@]e)| 3| 51 [@]6 :i“ 4;“ K:t :t' Mu: I;: w:: ]? ;D:; i:i E
KSAFIT 5] 1470 | 1437 | 1707 | 2630 | 2435 | 2715 KSAFIZ | 58 | 65 | 9 | 8 || 21| &2 |60 | & e B ] el
KSAFI2 dol 1306 [ 1167 | 78 | 2625 [2s6d | 2ooa | (RSAPL J Ao | MG IL MW LWL S EEE I i I A T N
KSAFI3 B 1698 | 1518 | 1532 | 2764 [ 2905 | 2824 KSAFl4 | 631 68 | 70| 71 || 50| 75 |8 |90 RGO ED
KSAFI (5] 1375 | 1449 | 1266 | 2606 | 2333 | 2468 LITER NG N N N T T 5 | | e || s | v | 1o | vz | 595 | st
KSAFIS 30 1058 | 2142 | 1460 | 253 | 2647 | 2670 i‘;’::: - :i 2; ;:’ 2‘7 ‘;é :: - o | o | 950 | 0 | 20w | 137 08 | 04 | an | 3652
KSAFIG ) o I I e I R e e e T [ 5 | 205 | 6o | 19| 15 | 306 | 1 | 7 | B
- 2 SO0 | 476 [ 469 [ 421 [ 1614 ] 1178 [ 1372 | 1814 [ 3408 | 3389
KSAFIT [ 1882 | 1307 | 1535 | 2581 | 2647 | 2538 TR o e o el e v e i i
I oh o [ oas a5 2516 T2 | o [ w7 | e | s v | vz | 1o | viar e | s
KSAFIO ] 1004 | 2087 W 307 | 3072 | 2499 KSAF20 il 6l 5516 il | ® il G NEEIEEIED
— — = KSAR2 60 6] 57 n El i £l 461 | 463 | s 1430 | 1400 [ 1306 | 1821 [ 1208 | 2938 | 338 | 2
KSAFO 1 1255 B35 |30 | 938 | Ksakn [ e TS [er] e o8 [97 [ 2 9 [ o | o | aw | 10 91| 1w | o | o2 | e
KSAF2I E] 1426 2560 | 3269 | 2492 Ksar J e8] 66 G4 es || a1 [ 71 |70 [ 37 T3 | 683 | J68. | 710 | 30| 200 1154|1288 | 3906 2087 | 374] 2120
KSAF22 415 530 2072 [ 2951 | 2768 Fenale 44| 34 [ 90 [ 49| [144 ] 250 [ 150|220
A B EIREIR o T SESD OO R EE
Fenale SSESD | 59.1 362 3] 92 [3701] 267 EAHEEHEIEEEE _
Female SSE a0 _MM _1615 _2715 _161X Female B gl TR ] ® E) o S61 [ 611 | 429 | 443 [ 1375 | 1029 [ 154 | 1578 [ 2863 [ 3067 | 2281 | 2608
Mean GAE Mean Memn
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Male Saudi Spoken English VOTs

Male Sauds Spoken English Fricatve Measurements fntensiy in d3)

Appendix F: Male SSE Analyzed Tokens

Male SSE Intensity and Duration of Nasals
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Word s [ g | W [ Way| && [ @ Word six_| plase | fve | fve | ik | theso | or | sho | plasic | (W)day. Tatemity (45) Duration (ms)
Segment W | W 0 ] ] ] Segment T T T Word mect | noed | bring | | meet | need | bring
KSAMI 50 55 T 8 6] T KSAMI 3 76 | 5T | 50| 60| 6l | 62|73 64 i wmt [m\ |n| MI [Ill] |n| [Iﬂ
KA N EE R ﬁﬁg ‘;T :iu :z ;: : :: :g :: z; 2: KSAMT G e [ 0 RN
KSAND L e A N N . [ Bl sl e[8]e] 8 | & KSAN ML s
KSAM4 @ w il " [ ) KSAMS 63 W |55 ) 61| 4| 58 | 63|69 59 62 KSas & n ol o n 17
KSAMS Ml = [ ]lnlu KSAMG m 6 a5 5 | % @ ] & | & KSAMA L N T T B I
KAl s [ o ] oM |6 | M KSAMT i EN N KSAMS LN TN R N TE AN
KSAM? EEIN I TN I I T KSAMY AR RE R KBNS L NER LU BCR R
KSAMS 32 ] 37 u 35 ] KSAMD BRI KSAM? BLW]® % | T0 | 100
KSAMY ENEIES 13 [ 9% Male SSESD | 87 | 66 | 46|38 23 |87 | 74| 66| 62 | 12 KSAME 65| m| e “ | 1]
Male SSE 5D 350 | &0 | 51 | 96 | 153 | 507 MaleSSE | 64 | 67 | % 55| % | M |60 || 57 | 6 KSAMD % 1 | & 56 | 11|14
Dl SSE Mean £ 1@ = S {1 3':?M an | 6 | 71 |65 |61 62|67 66| 66| @ | o8 WAL L MLM M S
Lisker & Abramson | 28| 765 | 39 | 956 | 43 | I7S mDFﬂ‘rM Male SSEMean | 66 | 72 | 67 8 | M
IND(VOT) >26ms 234ms 242 ms <1dB Male GAEMean | 69 | T3 n R | |
Male SSE Formant Measurements of Nasals Male SSE Intensity and Duration of Approximants
N Male SSE Formant Measuremenis of Approximants
— — “fi‘" —f— WL’:’ — ““’;‘J — Tntensity (dB) Duration (ms) T T i
Segment [m] “[:l m’;g ] T,“ ||;}g 7;7 Tn? “'1‘5 Word call | Stella | red | we call | Stella | red | we Word | call | Steln] rod | we | call | Sicla] sed | we | call | Stela| red | we
KSAMI o0 305 | 30 [ 17 | 12 14 [l | o0 ] | eement L T ANET AT A T AN el LR SRR AR U LR B
KSAMI @57 ] 45 | & 103 [ 100 1200 | 51 KSAMI | 470 | %16 | 824 | 43 | 114 | 104 | 1551 | 1308 | 481 | 2595 | 2379 | 24

KSAMD | 507 [ 418 | 478 | 1473 | 472 | 1417 | 2567 | 2080 | 3% o |7 | | [ | | e e 1w e | o m | am

| [KSAM2 9| 69 [ e | o | [127] 67 [ 3035 2 R e
KSAMD | 451 | 410 | 499 | 2003 | Tl | 24w | 511 | 2997 | B8 KAt | 558 | 508 | i | %5 | oW [ e | 176 96 | 20| 3z | 15|
RSAMA [ 338 | 06 | % | 18 | 150 | 12 | 0 | 266 [ 2| |KSAMD T |68 |6 [T | ]M |80 R [ o | @5 | @ | s | | | e |1 | 2 | 1| 58
KSAMS 342 [ 420 | 60 | w30 | 1082 [ 1697 [ 2480 | 1992 [2san| | KSAMM 61 | 64 | 68 | S8 36| 9% | %W KSAMS | 531 | 542 | 597 | 466 | 181 | 1155 | 1002 | 1165 | 2414 | 2436 | 2046 | 2533
KSAM6 386 [ 750 | 309 [ s | i7ia | ed | 247 2351 [21M KSAMS 67 | 69 | 64 | 63 40 ) 51| 8|83 KSAMA | S19 | 382 | AW | 362 | U111 | 1633 | 1700 915 | 2564 24 | 2k | 1
KSAM? 464 | 509 | 498 1445 | 1558 | 1518 | 2005 | 2217 | 232 KSAMS 64 61 80 3 51 62 45 84 KSAMT [ 831 | 482 | 360 | 606 | 976 | a0ax | 1679 | 1967 | 244 | 2780 | 234 | 5061
KSAME [ 310 | 330 | 48% | 169 | 2362 | 2501 | 2994 | 3621 | 2581 | [KSAM] AR R Reani |+ | 3 | e | | e | 2 | 9E] Ty | ame | 2| |
Y | 3 | o1 e | 570 | v | 2036 | 263 | 1651| [KGAME o o0 Tl For o s o NN T
Ml SSE SD | 774 | 1435 | 901 | 2003 | 3440 | 5476 | 1704 | 318 [2160| [Kapwg Do a0 (%6 % e Nl it Bl
Male SSE 306 | 420 [ 446 | 1540 [ 1609 | 1634 | 2453 | 2434 | WTT Malk SSE SD S| 48 | 92 | 51 96| 232 | 508 ] 300 g.u. EEEREEEE RN E
Mean e CHRLLARLL J

Male SSEMean |63 | 66 | 6 | 6 | |68 | 71 | 81 | T Mo

:ﬁ‘;’“ﬁﬁ BT 30| 1481506 181 B8 B [0 e e T T | (e T TS R



