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Abstract. The subject of this study is to identify unknown speakers particularly from their speaking tempo represented in Speech
Rate SR and Articulation Rate AR as temporal parameters. The fundamental goal of this study, on the acoustical level, is to prove
acoustically that every speaker has a significant speech rate SR and articulation rate AR through which the unknown speaker can
be discriminated and to investigate which of them (SR or AR) could be of more benefit for identifying unknown speakers and to
what extent. Also, the present study is essentially concerned, on the perceptual level, with listeners' perceptual abilities in
perceiving and differentiating different speaking tempo for identifying unknown speakers in order to utilize this exceptional ability
in forensic speaker identification FSI; aiming to provide some useful acoustical and perceptual data to be used in forensic
phonetic filed. The most important characteristic of the temporal aspects of speech, that they are not easily disguised or imitated by
accent or fundamental frequency leveling; so they could be useful for identifying unknown speakers particularly in forensic
phonetic field.

The speech rate SR and articulation rate AR of ten unknown speakers / informants of colloquial Arabic are calculated. The
speakers were recorded while talking spontaneously for a radio program. Only 30 seconds of speech are cut for each speaker from
the entire episode. After that 60 naive listeners are asked to listen carefully to the 10 unknown informants in order to mark the
fastest speaker and the slowest speaker depending only on their ears.

Key words: Speaker Identification, Forensic Phonetics, Forensic Speaker Identification, Speech Rate, Articulation Rate, Speaking
Tempo.

1 INTRODUCTION

"A voice is more than just a string of sounds. Voices are inherently complex. They signal a great deal of information in
addition to the intended linguistic message....." (Rose 2002)

The human voice carries on the speech signal which is a multidimensional and a very complex acoustic wave. These
signals convey the information about the words or message being spoken in order to convey linguistic information
(verbal) as well as non-linguistic information. The non-linguistic information reveals information about the speaker's
identity, personality and individuality (Extralinguistic component?). It also reveals information about the situation, the
inner state and the current health of the speaker, as well as their attitudinal or emotional state (Paralinguistic
component?). That is, virtually any utterance conveys information on several levels [11], [16], [25] & [28].

Speaker Identification is the task of deciding and determining a given sample of speech (uttered by unknown speaker),
who among many candidate speakers said it. The unknown speaker is defined as the speaker whose model best matches
the given utterance [7]. Nowadays voice identification analysis has matured into a sophisticated identification technique.
The comparison of human voices now focuses on every aspect of the words spoken; the words themselves, the way the
words flow together, and the pauses between them. There are two methods of speaker identification as evidence which
are commonly applied: Naive speaker identification (also called aural identification) which relays on human auditory
perception and Technical speaker identification which uses acoustic analysis (through spectrograph) [21], [22] & [25].

Extralinguistic information refers to aspects of the sound that are determined by the particular speaker’s vocal tract anatomy and
physiology such as their vocal tract length or the volume of their nasal cavity. This component is uncontrolled and involuntary via
speakers, and it is also called informative language because it is telling information about the informant / speaker itself.

2paralinguistic information refers to habitual muscular settings that an individual adopts when they speak, for example; a speaker may
habitually speak with slightly rounded lips, nasalization, or a low pitch range. This setting component is under a speaker’s control and
voluntary. It is also called communicative language because it reflects the way speakers use language to communicate with others.
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Naive speaker identification involves the application of our natural abilities as human language users to the identification
of a speaker (the term "naive" means here the lack of specific training on the part of the person making the decision; for
example: a witness to a crime may claim to identify a voice heard).Technical speaker identification is defined by the
employment of any trained skill or any technologically-supported procedure in the decision-making process when there
is an incriminating recording of a suspect. Both aural and spectrographic (visual) analyses are combined to form the
conclusion about the identity of the speaker. Undoubtedly, the auditory method depends mainly on the naive perceptual
ability to recognize speakers' voices. Whereas; the acoustic analysis allows the phonetician expert to measure a number
of parameters which reflect a person’s vocal organs; including fundamental frequency (pitch), formant
frequencies(resonant), and the dimensions of the vocal tract and its pattern of movement [1], [3], [5], [14], [17], [18],
[25] & [26].
Forensic Speaker Identification FSI is considered as one of the most significant practical applications of speaker
identification. FSI is defined as the most central aspect of forensic phonetics and acoustics which mainly concerned with
solving problems related to identification of the unknown speaker in criminal investigation to identify suspects who were
heard but not seen committing a crime including; murder, blackmail threats, ransom calls, kidnapping, political
corruption, bomb threats, terrorist activities, etc. [5], [12], [17], [20], [22], [25] & [27]. The fundamental theory of
forensic speaker identification relies primarily on that every voice is individually characteristic enough to distinguish
itself through voice print analysis®. Many researchers support the theory that human voices are unique and could be used
as a mean for identification. Besides, if everyone had the same voice, voices would not be used as discriminate evidence
[2], [12], [17], [19], [21] & [25].
There will be always differences (which are always audible, measurable and quantifiable) between speech samples, even
if they come from the same speaker. This is due to two kinds of variability: 1) organic vs. phonetic variability, and 2)
between speaker vs. within speaker variability. Consequently, the main task of Forensic Speaker Identification FSI is to
find all the sources of variability in order to make a clear distinction for the correct evaluation.
For speaker identification in forensic situation as evidence in the court, there are four main phonetic/acoustic parameters
depending on the speaker through them he / she can be discriminated and identified:

1.  The Fundamental Frequency Fo.

2. The formants frequencies of the vowels.

3. The resonance of the nasal consonants.

4.  Tempo of speaking.
Tempo of speaking; the fourth parameter is our concern here; it is a multidimensional phenomenon and revealing the
temporal aspects of the speech. It is also one of the prosodic cues which is considered as non-linguistic factor that
signaling paralinguistic information (about the situation and the inner state of the speaker's attitudinal or emotional state)
and also extra-linguistic information (about the speaker's identity, personality and individuality) [25] & [28]. Tempo of
speaking can be exhibited by two methods, one is Speech Rate (SR), and another is Articulation Rate (AR). Both of SR
and AR can be defined as "the number of syllables per second”. The biggest difference between SR and AR is that the SR
includes pause intervals but the AR does not [8] & [14].
Tempo of speaking has significant importance in Forensic Speaker Identification FSI [4] because it is:

1. Carrying the individual-identifying information about the speaker.

2. Affected by the individuals variations in speaking.

3. Not affected by the frequency characteristics of the transmission systems and at the level at which the

speaker talks.

4. Not easy to imitate or disguise.

5. Not controlled by the speaker.
Your speech says very much about you. It can reveal your age, your health, your level of education, your regional dialect,
and many other factors; even the location in which a recording is made. Thus, for a forensic phonetician expert, there's a
wealth of information hidden in voices and this data is collected, observed, documented, compared and processed for
forensic speaker identification FSI.

2 METHODOLOGY

A. Data Collection

The experiment includes 10 unknown speakers (5 females and 5 males) of colloquial Arabic language, with no recorded
speech disorders. Speaker’s ages estimated between 19 to 40 years old. Natural spontaneous speaking style is elicited for

3The idea of the speaker identification is that every speaker has a unique voice pattern based on two factors: the first one is voice
uniqueness: including the uniqueness of the anatomical structure of every speaker. The second factor is the manner in which the
articulators or muscles of speech are manipulated during speech: meaning the flexibility of the articulators which affected each other's.
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30 seconds for each speaker trying to avoid the effect of any stress or the domination of any specific emotion. All the
data are collected through a radio program called "the press in their eyes ¢ s 4 4ilsal" which is a daily program that
announced every day at Alexandria Radio (Bakous Alex, frequency 101.1). The announcer of the program goes down to
the street every day and asks one of the public. This one of the public could be a male or a female who was reading one
of the daily newspaper and his or her identity is unknown for the announcer and for the listeners. The announcer asks a
simple question which is: what's your comment about one of the news that you have been read at that daily journal? Then,
the unknown speaker starts to talk spontaneously, without any recommended preparation, about any topic that he or she
chooses. Accordingly, that unknown speaker is one of the Alexandrian populations who may get intermediate education
(which enables that unknown speaker to read the daily journals) or may be well educated.

B. Recordings

The data are collected and elicited through the announcer who asks the unknown speaker about his/ her comments or
opinions about any piece of news of the daily journal headlines. The whole duration of each episode is (about 5 minutes
for every speaker) directly recorded from the radio channel using Samsung mobile phone recorder as wav.files; to
avoid any transmission distortions. Then, all the episodes (10 episodes of 10 unknown speakers, each of which is 5
minutes) are transmitted into a laptop device for editing. Therefore, the researcher used cutter software for cutting only
30 seconds of continuous and spontaneous speech of each speaker from the whole speaking time (from the whole episode
which is 5 minutes). This cutter software is called 'Easy audio ogg wma wav cutter software (www.koyotesoft.com).
At last all the edited data (only 30 seconds of spontaneous speech for 10 unknown speakers) are exposed to Praat
software (www.praat.org) for the analysis (next step).

C. Analyses

All the data are analyzed manually with the aid of Praat software for all speakers. The analysis procedure is composed of
three sequential steps which are:

The first step is the transcription process in which every 30 seconds of recording spontaneous speech for each unknown
speaker are phonetically transcribed by using IPA symbols. The researcher transcribed all the data manually through the
careful listening depending on the ears of the researcher with the aid of Praat software as a listening tool. Broad
transcription type is used for this research because the main concern of that transcription process is counting the number
of the pronounced syllables in a particular time (which is 30 seconds of spontaneous speech for each informant). So, no
matter of how an informant is pronouncing a particular phoneme as long as does not affect the number of the pronounced
syllables.

The second step is the segmentation process which means dividing the transcribed speech into syllables; this process is
done manually by the researcher.

The third step is the calculation process in which speech rate SR and the articulation rate AR are calculated with their
durations. Also the number of pauses and the duration of each pause are counted too.

D. Measurements

All the acoustical measurements illustrated with their mean of calculation for all the ten unknown speakers:

= Fundamental frequency fo is measured for all speakers using praat voice report.

= Intensity is measured for all the speakers with praat software through getting the mean intensity.

=  The number of the pronounced syllables for each speaker, how many numbers of syllables the speaker has
pronounced in only 30 seconds. The number of the pronounced syllables calculated manually by the
researcher through counting all the produced syllables after segmentation process.

= Speech rate SR is measured according to the following definition “the number of syllables per second
including the whole speaking time (with all pauses and hesitations)”; which is 30 seconds for each
speaker.

= Articulation rate AR is measured according to the following definition “the number of syllables per
second excluding the pause time and all the hesitation duration”. Note that the excluded pause time and
hesitation duration will vary from one speaker to another.

=  All pauses durations are measured by combining the duration of each pause in each speaker's utterance
and the duration of each pause between utterances.

= The number of pauses for each speaker; is counted manually by the researcher, through counting the
number of all pauses (filled and silent) occurred in the whole speaking utterance (occurred in 30 seconds
for each speaker).

= The duration of each pause occurred in the whole speech sample (in 30 seconds) for each speaker with the
aid of praat software, and also, determining the type of each pause.

= Percentage of pause time is measured manually by the researcher, through calculating the proportion of all
the pauses time (the duration of all pauses) to the whole time of the speech sample (which is 30 seconds).

= The degree of hesitancy is measured manually by the researcher for each speaker through calculating the
proportion of filled pauses to all pauses for the overall speech sample.
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E. Perceptual Test

Sixty listeners of university students aged between 17 and 25 years old, with no recorded history of hearing impairments.
Each listener was sitting directly in front of a laptop computer device with approximately three feet distance. The
listeners were listening to the voice line-up (mp3 playlist, with 2 seconds interval between each informant and the
following) through a loud speaker (attached to the laptop computer device) which was set up on medium volume.
The listeners were received some instructions from the researcher for doing the perceptual test perfectly:
1.Each listener received a “listening sheet” (See Figure 1) which contained the ten unknown speakers (5
females and 5 males listed one by one) titled as informant 1, informant 2, ............. , informant 10.
2.The listeners are asked to listen carefully to the voice line-up of the ten unknown informants three times at
most in order to enable them to select the fastest speaker and the slowest speaker.
3.Then, each listener selected the fastest speaker and the slowest one by marking (V) in front of his or her title
at the listening sheet.
Observe that, the ten informants' voices intended to be listed one by one (male followed by female) in the voice-line up;
in order to distract the listeners' attentions from the gender of the speaker. Because, almost all acoustic measurements and
perceptual expert descriptions show experimentally that there are no significant differences in speech tempo between
men and women. In other words, tempo of speech has no relation to the gender of the speaker.

Speakers The FASTEST |Jf The SLOWEST
Osalsiall £ o) Uasty

Informant 1
Informant 2
Informant 3
Informant 4
Informant 5
Informant 6
Informant 7
Informant 8
Informant 9
Informant 10

Figure 1: The Listening Sheet: where the involved listeners are marking (V) in front The Fastest Informant and
The Slowest Informant as well.

3 RESULTS AND DISCUSSION

This experiment is designed in order to be utilized in forensic case work to identify unknown
speakers of Colloquial Arabic depending on their tempo of speaking (rate of speaking) on the basis
of two approaches: 1) an acoustic approach; based on acoustical measurements and statistical
analyses; and 2) a perceptual approach; based on the ability of the naive listeners to recognize the
differences in speaking tempo; specifically identifying the fastest speaking tempo and the slowest
speaking tempo depending on their ears.

A. Perceptual Test Results

The following figure (Figure 2) showing the distribution of all the listeners' selections percentages
for both the fastest speaker and the slowest speaker as well. Through glancing over Figure 2, it's
noticed that, the percentages of listeners' selections are highly distributed across all the ten
informants with varied degrees which reveal that there is no absolute agreement about a particular
speaker whether the slowest or the fastest.
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With respect to the fastest speaker identification; 38 % of the listeners select informant 3 to be the fastest speaker (with
the fastest speaking rate). And 23 % of the listeners select informant 7 to be the fastest speaker, followed by 21% of the
listeners who select informant 2 to be the fastest speaker (See Figure 2).

On the other hand, the results of the slowest speaker identification; showed that41% of the listeners expect informant 1
to be the slowest speaker. And 20 % of the listeners select informant 6 to be the slowest speaker. These results indicate
that identifying the slowest speaker seems to be more problematic for the listeners (See Figure 2).

45% - Perceptual Test Results
41%

40%
M The Fastest
35%
230% M The Slowest

25%

23%

20%

15%
11%
10%

Correct Identification Percentage %

5%

0%

Ten Informants

Figure 2: line- chart showing the distribution of all the listeners' selections (correct and false identifications) of
both the fastest informant and the slowest informant depending only on their ears.

B. Acoustical Test Results

Table 1 showing a detailed description of all the acoustical results of the ten informants involved in this study.
Accordingly we can deduce the following:

With respect to the speech rate SR and the articulation rate AR values (also see figure 3); the fastest speaker is
informant 3 who pronounced the largest number of syllables in 30 seconds. The second fastest speaker is informant 2 and
she also has the highest intensity across all speakers. The third fastest is Informant 7 who has the third place in speech
rate SR but not in articulation rate AR; and he also has a relatively low Fo across male speakers but not the least one.
Regarding the slowest speaker speech rate SR; informant 9 is the slowest speaker followed by Informant 10 who has
also a relatively high Fo between female speakers; and a relatively high intensity across all speakers. Informant 10 also
has a few numbers of pauses; moreover, their total duration is very short. According to the articulation rate AR of the
slowest speaker; it's noticed that, informant 10 has the slowest articulation rate AR, followed by informant 9; which
indicates that the arrangement of informant 9 and informant 10 is reversed only in their articulation rates AR results.
Informant 5 (male) has the third place at the slow speech rate and articulation rate too; he also has the lowest Fo between
male speakers and he has the second small intensity degree but not the least. Moreover, he has the highest degree of
hesitancy.
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Figure 3: line- chart showing the values of the speech rate SR and the articulation rate AR for all the ten unknown

informants.
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Table 1: showing a comprehensive exhibition of all the measurements for all the ten informants for 30 seconds for
each informant (Speech Rate Time). The ten informants (5 males and 5 females) arranged one by one.

Informants
1 2 3 4 5 6 7 8 9 10
Measurement:
Gender Male | Female | Male | Female | Male | Female | Male | Female | Male | Female
Fo(Hz) 174 279 187 212 114 245 120 245 174 247
Intensity (dB) 60 82 75 77 69 71 73 71 77 79
Number of all
pronounced 181 207 216 192 167 173 201 194 155 166

syllables (syll.)

Speech Rate

SR (Syll. /Sec.) 6.0 6.9 7.2 6.4 56 58 6.7 6.5 52 55

Articulation

Rate AR (Syll. | 8012 | 8459 |8520 | 7.307 | 6.731 | 6.921 | 7.723 | 6.95 | 6.015 | 5.889
/Sec.)

Articulation 2159 | 21.87 | 2324 | 2393 | 2288 | 2355 | 2499 | 2690 | 24.77 | 26.49
Time (Sec.)

The number of
pauses
(frequencies of
occurrences)

25 22 17 22 18 15 11 10 16 14

Total pauses

. 8.41 8.13 6.46 6.07 7.12 6.45 5.01 3.1 5.23 3.51
time (Sec.)

Percentage of
all pauses and
hesitations to 28.03 27.1 215 20.23 | 23.73 215 16.7 10.33 | 1743 11.7
the overall
speech %

The degree of

hesitancy % 28 545 235 50 66.7 26.7 27.3 50 31.3 35.7

e Correlation between speech rate SR and articulation rate AR

Acoustically, there are many more acoustic cues which modify and determine the perceived speaking tempo. According
to the results of the present experiment, the fastest speaker in speech rate SR has the fastest articulation rate AR as well
(See Figure 3). But the slowest speaker in speech rate SR is not having the slowest articulation rate AR (See Figure 3)
which indicates that the articulation rate AR has a relatively significant effect in identifying the fastest or the slowest
speaker. Those results imply that speech rate SR is more prominent in identifying speakers with the fastest speaking
tempo as well as slowest speaking tempo. Moreover, the number of the pronounced syllables which depend on the
velocity of the speech organs is the main factor that directly influence the speech rate SR specifically.

Romito, Lio & Galata (2005) states that the articulation rate AR depends on the intrinsic duration of the various phones,
the rate of the articulation movements and on the rules of coarticulation, but speech rate SR depends on speaker-specific
features and on the communicative situation. Koreman (2006) investigates the role of the articulation rate AR in
distinguishing fast and slow rates. Koreman finds out that the intended and realized phone rates alone (Articulation Rate
AR) can't explain the perceived rates of the speakers, which indicates that there are other factors than the articulation rate
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AR, that determine the perceived speaking tempo such as pauses and hesitations (which are excluded from his data).
According to his results, we can't assume a direct relationship between articulation rate AR and the perceived rate.
Moreover, Laver (1994), reports that Goldman - Eisler (1968) shows, experimentally, that the speech rate SR and the
articulation rate AR have no significant correlation. But, this doesn't exclude the possibility that articulation rate AR is a
concomitant of speech rate SR.

On the contrary, Gold (2012), investigates the role of articulation rate AR as a discriminant in forensic speaker
comparisons. Gold shows experimentally that the articulation rate AR performs much better as a discriminated parameter
within the same speaker comparisons (indicating different styles from the same speaker) than the different speaker
comparisons. He manifested that articulation rate AR is still considered in forensic speaker comparisons in conjunction
with other speech parameters. This is based on Rose (2006) who points out that “not all speakers differ from each other
in the same.” Therefore, there will be individuals where articulation rate AR is a highly discriminated parameter for them.
Also Jessen (2008) assures that when articulation rate is taken into account, considering only the fluent speech and all
pauses ignored, the between speaker variation is relatively greater, and the within speaker variation seems to be smaller
in articulation rate than syllable rate (Goldman Eisler, 1968; and Kiinzel, 1997), which makes articulation rate AR the
more promising measure for forensic purposes.

According figure 4 that showing us the Mean Intensity of all the ten unknown speakers, regarding high intensity degrees,
informant 2 recorded the highest degree of intensity; followed by informant 10. Observe that, informant 2 who has the
highest intensity degree, is the second fast speaker. And informant 10 who has the second high degree of intensity is the
second slow speaker. Regarding low intensity degrees, informant 1 (male) recorded the lowest intensity degree; followed
by informant 5 (male). Perceptually, 41% of the listeners expected informant 1 to be the slowest speaker (see the
perceptual test results).

Mean Intensity (dB)
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Figure 4 : Line chart used to visualize the mean intensity of the total speech duration for the ten informants.

Primarily the percentage of all pauses to the overall speech sample is depending on both; the number of pauses (pauses'
frequencies of occurrences) as well as their durations; for more details see table 1.

Percentage of all pauses to overall speech % for all informants

30.00 -
25.00 -

20.00 -

15.00 -
2 2
10.00 - 2
1 1
5.00 - 1 1
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Infol Info 2 Info3 Info4 Info5 Info6 Info7 Info8 Info9 Info 10

Percentage of pause durations %

Ten informants

Figure 5: Column - chart showing the percentage of all pauses and hesitations to the overall speech sample for
each speaker.
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According to the preceding figure (See Figure 5), respecting the highest percentage of all pauses to overall speech
sample, informant 1 has the highest percentage of pauses (28 % of his speech sample consists of pauses); followed by
informant 2; followed by informant 5. Regarding the lowest percentage of all pauses to the overall speech sample,
informant 8 has the lowest percentage of pauses (only 10.33 % of her speech sample consists of pauses); followed by
informant 10; followed by informant 7. Hence, informant 8 and informant 10 should be expected to be the fastest
speakers according to their percentage of all pauses to the overall speech sample because they have the lowest
percentages; and reversely, informant 1 and informant 2 should be expected to be the slowest speakers because they have
the highest percentages of pauses to overall speech. But this is not true acoustically, which implies that the percentage of
all pauses to the overall speech sample has no direct influence on the speech rate and they cannot determine or modify
the speech rate. The results of the present experiment indicate that the percentage of all pauses to overall speech sample
plays a double-edged role:

The first role of the percentage of all pauses is on the acoustical level, they don't have any obvious effectiveness on the
speech rate SR; i.e., there is no remarkable correlation between the speech rate SR and pause (the fastest speaking rate
SR must not have the minimum percentage of pauses and vice versa). However, Laver (1994), reports that Goldman -
Eisler (1968) shows, experimentally, that speech rate SR may be positively correlated with the percentage of pauses and
durations in the speech sample. Moreover, Vaane (1982) states that the most languages' variations in speech rate SR are
mainly due to variations in the durations of pauses. However, in light of the results of the present experiment, it does not
appear to be a verity. The results of the present experiment also contradict with Fashal (1991) which, experimentally,
studies the tempo of reading texts of news-bulletins in Egyptian broad casting. The results conclude that the number and
the duration of pauses is an effective factor in changing the rate of speech i.e., decreasing the number and the duration of
the pauses increases the speech tempo.

The second role of the percentage of all pauses is on the perceptual level, large percentage of pauses durations is
considered one of the most important factors that influence the listeners' perceptions; in particular, the perception of slow
speaking tempo. Conversely, small percentage of pauses durations does not mean fast speaking tempo for listeners'
perceptions. That's confirmed by Koreman (2006) who states that; it is possible that; pausing or dis-fluencies determine
the perceived speaking tempo.

The degree of hesitancy for each informant shows the proportion of filled pauses to all pauses for the overall speech
sample to indicate large differences between speakers (intra speaker variation) and relatively small differences within
speaker (inter speaker variation). Figure 6 indicates that informant 5 (who is arranged as the third slow speaker
according his speaking rate and he has the lowest Fo between male speakers) has the highest degree of hesitancy
(66.7 %), which may indicate that the high degree of hesitancy may negatively affect the perceived speaking rate. In
other words; high degree of hesitancy may be considered as a sign of slow speaking rate. To confirm this, we need more
experimental research. Figure 6 also indicates that informant 3 (who is the fastest speaker according to his speaking rate
and he has the highest Fo between male speakers) has the lowest degree of hesitancy (23.5 %). Regarding the results of
the present experiment; the degree of hesitancy seems to have an inverse relation with speaking tempo particularly at fast
speaking tempo. In other words; the fastest speaker (according to speech rate SR and articulation rate AR) has the least
degree of hesitancy. And this relation is compatible with only the fast speaking rate.

The degree of hesitancy %
70%

60%
50%
40%

30%
20%
10%
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The Percentage of hesitancy %

Ten Informants &

Figure 6: Cone - chart showing the degree of hesitancy % for each informant.

o Correlation between the acoustical results and the perceptual ones

Hayward (2000) said that, "experiments in speech perception have commonly focused on a single acoustic cue and a
single impressionistic-phonetic dimension. Nevertheless, it would be highly exceptional for a single cue to be solely
responsible for signaling a simple phonetic contrast”. For more illustration; if listeners are asked to classify stimuli
which vary in two or more cues, there is typically a trading relation between the cues. Hayward (P. 118) adopted this
trading relation hypothesis; explaining that this trading relation is used in the sense of trade-off which is used in everyday
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situations. In other words, for the listeners' perception while listening to a speech sample, some acoustic cues are more
dominant or more prominent above some other cues.

Regarding the fastest speaker identification; the acoustical results are corresponded with the perceptual results
indicating that informant 3 is the fastest speaker. According to the perception of the listeners, 38 % of the listeners select
informant 3 to be the fastest speaker (see figure 2 and table 1). According to the acoustical measurements, as well,
informant 3 pronounced the largest number of syllables in 30 seconds; so, he has the highest SR and AR; moreover, he
has the minimum degree of hesitancy and the highest Fo between male speakers. Perceptually, 23 % of the listeners
expected that informant 7 to be the fastest speaker. This proportion can't be easily ignored; informant 7 is arranged
acoustically as the third fastest speaker according to the number of the pronounced syllables and consequently in speech
rate SR value. But informant 7 has a relatively small articulation rate AR and a low Fq across male speakers. He also has
a small number of pauses. By gathering all the preceding acoustical cues together; perceptually, informant7 is considered
to be a fast speaker but not the fastest. 21 % of the listeners expected that informant 2 to be the fastest speaker. Informant
2 acoustically is organized as the second fastest speaker; moreover, she has 22 pauses in her total speech sample with
relatively high degree of hesitancy (see tablel). Informant 2 also has the highest Fo between female speakers; and she
also has the highest mean intensity across all speakers. All the preceding cues together gave an impression of fast
speaking tempo for the listeners. Perceptually, listeners' perceptions seem to be highly affected by her remarkable highest
degrees in Fo and intensity across all speakers more than the number of pauses and the degree of hesitancy.

11 % of the listeners also expected that informant 10 to be the fastest speaker. Whereas, she is arranged acoustically as
the second slowest speaker according to her speech rate SR and she has the slowest articulation rate AR across all the
involved speakers. However, no one of the listeners selects her or expects her to be the slowest speaker (See Figure 2 and
table 1).0n the other hand, Informant 10 has a relatively high Fo between female speakers; and also, she has the second
high intensity degree across all speakers. Informant 10 also has a few numbers of pauses; moreover, their total duration is
very short. These preceding results indicated that, high Fo and high intensity; in addition to her few number of pauses and
their short duration; all of these cues together may be responsible for perceiving fast speaking tempo more than the other
acoustic cues.

With respect to the slowest speaker identification, the perceptual results did not match with the acoustical results.
Perceptually, 41 % of the listeners expected that Informant 1 is the slowest speaker. Acoustically, informant 1 has
recorded the largest percentage of all pauses to the overall speech sample (See table 1 and Figure 5). Informant 1 also has
the largest number of pauses' frequency and duration (see table 1). Moreover; he has the minimum intensity degree
across all speakers. The preceding acoustical cues imply that there is a correlation between the number and the duration
of pauses with the perception of the listeners' particularly in determining the slow speaking rates. In other words;
increasing the number and the duration of the pauses gives a perceptual impression of slow speaking rate. In addition to,
the mean intensity seems to have a remarkable effect on the listeners' perception i.e., the lower the loudness, the slower
the perceived speaking rate and vice versa.

On the other hand; perceptually, only 3 % of the listeners select informant 9 to be the slowest speaker. According to the
acoustical results informant 9 is the slowest speaker, because of his smallest speaking rate SR. He also has a relatively
high Fo between male speakers, in addition to a relatively high mean intensity. These preceding results indicated that;
because of his relatively high Fo and relatively high mean intensity only 3 % of the listeners select him to be the slowest
speaker; and no one selects him to be the fastest speaker as well.

To summarize, from the preceding exhibition of the correlation between the acoustical results and the perceptual results,
we can deduce the following: FO, intensity and pauses' numbers and durations have significance effect on the perceived
speaking tempo. And further, those acoustical cues are used as perceptual parameters that almost all of the listeners relay
on, to identify the slowest and the fastest speaking rates. There are so many parameters that influence the speaking tempo
and its' perception. Naive listeners may focus on some of these cues more than others; which give the possibility of false
identification to occur. Particularly, in identifying the slowest speaking tempo; most of naive listeners clearly relate the
slow speaking tempo directly with the pauses frequencies and durations which confuse most of them in identifying the
slowest speaking tempo. Whereas the phonetician expert must find all the sources and types of these cues and combine
them together for identifying the identity of the unknown speaker in the forensic case work.

4 CONCLUSIONS

It has become clear over the years that speaker identification should not be confined to a single method, but a variety of
different methods should be used. To find out the most effective acoustical cues which affect the rate of speech and its
perception, an acoustic — perceptual line must be drawn. Clearly, the acoustical results should explain and clarify the
perceptual ones. According to the acoustical results and the perceptual results of the present study, we deduced the
following conclusions:

1. With respect to speech rate SR and Articulation rate AR: Speech rate SR is more prominent in identifying the
unknown speaker. However, this does not mean to exclude the articulation rate AR.
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On the perceptual level; in identifying the rate of speech, listeners are listening to the speech rate SR (with all pauses
i.e. filled, silent and hesitations). They are not listening to the articulation rate AR only; therefore, articulation rate
AR should be combined with other acoustic cues in order to reflect perceptually a fast or a slow speaking tempo.

On the acoustical level; articulation rate AR is distinctive for some speakers because it referred directly to the pure
pronounced syllables which is related primarily to the velocity of the speech organs of the speaker (whoever male or
female). Substantially, velocity of the speech organs is an effective factor in modifying the tempo of speaking. As a
result of that; speech rate SR should be combined with the articulation rate AR in order to help in identifying the
identity of the unknown speaker under the forensic circumstances.

2. The degree of hesitancy: acoustically; it is considered as a remarkable factor for the fastest speaking tempo. In
other words, according to the results of the present experiment; the fastest speaker in speaking tempo has the least
degree of hesitancy. But the highest degree of hesitancy does not take place at the slowest speaker's speaking tempo.

3. Fo: it is an important acoustic cue in identifying the speaker's speaking rate acoustically and perceptually as well.
The importance of Fo, according to our results, appeared in identifying the fastest speaking tempo; but not in
identifying the slowest speaking tempo. High FO (for male or female speaker) indicated fast speaking tempo
perceptually as well as acoustically.

4. Mean intensity: on the perceptual level, mean intensity is a remarkable cue for listeners' perception in identifying
the rate of speaking of the speaker (whether the slowest or the fastest). In other words, high intensity indicated fast
speaking tempo; and low intensity indicated slow speaking tempo. Whereas, on the acoustical level, and according
to our results, mean intensity results are inconsistent with speaking tempo results.

5. The percentage of all pauses, pauses' numbers and pauses' durations have a double aged role.

On the perceptual level; naive listeners have a great ability in detecting different speaking tempi. However,
particularly in identifying the slowest speaking tempo, there is some inconsistency between the acoustical results and
the listeners' selections. Seemingly, listeners received the high percentage of all pauses as a sign of low speaking
tempo that may confuse them in identifying the slowest speaking tempo, unlike identifying the fastest speaking
tempo.

More specifically, informant 1 has the lowest mean intensity and the highest percentage of all pauses. Therefore;

41 % of the naive listeners expected him to be the speaker with the slowest speaking tempo. Sequentially as a result,
on the perceptual level and according to the results of the present experiment, low loudness and high percentage of
all pauses, when occurred together in that way, seem to have a great influence on the listeners' perception in
identifying the slowest speaking tempo particularly.

On the acoustical level; according to the results of this study, the percentage of all pauses, pauses' numbers and
pauses' durations did not show significance role in modifying the rate of speech. For more illustration, the fastest
speaker with the fastest speaking rate does not have the least degrees of anyone of these cues.
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