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1. Introduction
In daily conversation, listeners use both phonological and

speaker information of the utterance in order to achieve
successful communication [1]. It is reported that the process-
ing of the phonological content and that of the speaker
identity occur separately, although they interact with each
other [1,2]. One example of this interaction is that certain
sounds are effective for perceptual speaker identification [3].
Conducting a perceptual speaker identification test enables
us to know which sounds are effective for the judgment of
speaker identity [4], and those effective sounds must convey
acoustic properties that indicate the speaker’s identity. Using
these acoustic properties, we can achieve higher accuracy in
speech technologies, such as automatic speaker recognition
and/or automatic speech recognition.

In our previous studies [5–7], we carried out familiar-
speaker identification experiments, where differential effects
of the phonological content on perceptual speaker identifica-
tion were tested, and we found that stimuli containing nasal
sounds were more effective for conveying identity than
stimuli containing only oral sounds. However, it has been
pointed out that the processes of identifying familiar speakers
and unknown speakers are different [8–11]. Previous research
[12] has shown that familiar listeners performed significantly
better than naive listeners, or listeners who did not know the
speakers previously, in identifying the same speakers.

In this study, we carried out a perceptual speaker
identification test in order to examine the effective sounds
for perceptual speaker identification in terms of speaker
familiarity, and to determine whether the idiosyncrasy of the
nasal sounds that was observed in familiar-speaker identi-
fication [5–7] can also be seen in unknown-speaker identi-
fication.

2. Method
2.1. Participants and speech materials

In speaker identification tests conducted with unknown
speakers, the size and the composition of the speaker
ensemble have a great effect on identification performance
[13,14]. It is suggested that the desirable speaker ensemble
for an experiment has a relatively small size and that the
speakers’ ages and genders should be consistent [3]. Thus, in
this study, we used the speech materials of 4 male speakers of

similar ages. These materials were previously recorded for a
familiar-speaker identification test [6]. The 4 speakers were
selected out of 10 male speakers on the basis of average
fundamental frequencies, because it had been pointed out that
fundamental frequency has a large effect on unknown-speaker
identification [11,15], and in this study we aimed to determine
the effects of the articulatory properties rather than the voice
properties.

Nine monosyllables of the 4 speakers were used. The
stimulus syllables are shown in Table 1. The speech samples
are identical to those used in [6]. Each stimulus syllable was
manually excerpted from four-moraic words that were read
out within carrier sentences. The vowel in the CV syllables
was always /a/ in order to keep the experiment simple.

Sixteen volunteers unfamiliar with any of the speakers
participated in the listening speaker identification test. They
were all native speakers of Japanese, and none of them had
known hearing problems.
2.2. Procedures

All the sessions were carried out in a soundproof room.
In order to make the test comparable to our previous
experiments [5,6], we decided to conduct a speaker identi-
fication test rather than discrimination or matching tasks used
in other similar studies [16–18].

Familiarisation sessions preceded the test sessions. In the
familiarisation phase, the subjects listened to the recorded
utterances of each speaker saying a common sentence,
‘‘/ho�dZitsW wa seite� nari/ (It is fine today),’’ three times.
They heard the utterances as many times as they wished, until
they were confident that they could recognise the speakers. To
avoid confusion, the speakers were introduced to the listeners
by an ID number from 1 to 4, and the utterances were also
always presented in order from 1 to 4 throughout the
familiarisation sessions.

Familiarisation was followed by a practice session of 8
sentences, 2 for each speaker, presented in a random order
with feedback after each trial. The sentences used here were
identical to those used in familiarisation sessions. Familiar-
isation and practice were then repeated until the subject could
identify the speaker with more than 90% accuracy. The
average time subjects spent learning the voices was about 15
minutes, and the subjects listened to each speaker’s utterances
3 to 12 times.

Then, we moved on to the test session without taking a
break. The test session had 180 trials, that is corresponding to�e-mail: amino-k@sophia.ac.jp
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9 stimuli, 5 tokens and 4 speakers. The stimuli were presented
in a balanced random order. The subjects were not allowed to
listen to the reference sentences during the test session. They
took a break after 90 trials.

3. Results and discussion
The results of the test session are shown in Table 2. Each

monosyllable was evaluated 320 times, that is, 5 tokens, 4
speakers and 16 subjects. We can see that all the stimuli in
this study gained scores of more than chance level (25%). As
was in the experiment conducted with familiar listeners [6],
the nasals /na/ and /nja/ obtained high scores, and the
bilabial nasal /ma/ ranked in a middle position.

Figure 1 shows the results of the test session in compar-
ison with the results of the previous experiment [6] conducted
with familiar listeners. The stimuli are placed in ranking order
of this study. The results of the previous experiment shown
here are recalculated for the 4 speakers whose speech
materials were used in this study.

As can be seen, the tendencies among the stimulus
syllables were similar. Analysis of variance revealed signifi-
cant main effects of both speaker familiarity (F (1, 17) =
803.4, p < 0:001) and stimulus content (F (8, 17) = 10.9,
p < 0:001), with overall values in the familiar-listener test
(Mean 75.2%, S:E: ¼ 0:019) being higher than those in the
naive-listener test (Mean 46.6%, S:E: ¼ 0:014), and with the
result for nasal /na/ being significantly higher than those for
any other syllables and the result for /nja/ being significantly
higher than those for /da/, /ta/ and /ra/.

As pointed out in a previous study [12], speaker familiar-
ity has a great effect on identification performance. The
listeners in the previous experiment [6] knew the speakers
very well; they had lived in the same dormitory as the
speakers for at least 4 years. The results of this study in
comparison with the results of [6] show that speakers are
identified more accurately when the listeners have known
them for a long time and when the listeners have had more
chance to hear their utterances.

The difference in speaker identification performance of
familiar and naive listeners may be explained by different
cognitive processes. It is suggested that the identification of
familiar speakers depends on pattern recognition, whereas that
of unknown speakers is more based on feature analysis [8,9].
Because feature analysis is more difficult to execute, high
familiarity generally yields more accurate identification [11],
although there are differences among listeners in the ability to
identify people by speech sounds alone [3]. Another study
[17] that investigated the relationship between perceptual
speaker identification and acoustic features indicated that the
contributions of the spectral properties on speaker identifica-
tion performance were greater in familiar-speaker identifica-
tion than in unknown-speaker identification.

In spite of these differences, the nasals /na/ and /nja/
were found to be effective for both familiar- and unknown-
speaker identification. This implies that nasality is one of the
important features that represent speaker identity. It was
confirmed that, regardless of familiarity with the speakers,
listeners use nasal features contained in utterances in order
to recognise speakers.

In this study, we compared the results of the identification
of 4 out of 10 familiar speakers and of 4 unknown speakers.
However, even if the speech materials used in the experiments
are identical, the results will be different when the speaker

Table 2 Results of the identification test with naive
listeners (N ¼ 320).

Stimulus Percent correct

/na/ 55.31
/nja/ 50.31
/ja/ 48.75
/sa/ 46.88
/ma/ 46.56
/za/ 43.75
/da/ 43.44
/ta/ 42.81
/ra/ 41.88

Fig. 1 Results of speaker identification test conducted
with naive listeners in comparison with the previous
test conducted with familiar listeners [5,6]: percentages
of correct identification (N ¼ 100 for familiar listeners
and N ¼ 320 for naive listeners). Data for familiar-
speaker identification [5,6] are recalculated for the 4
speakers involved in this study. From left to right, the
stimuli are placed in ranking order of the results of the
unknown-speaker identification.

Table 1 Stimulus syllables.

/ma/

Sonorants
Nasals /na/

/nja/

Approximant /ja/

Fricatives
/sa/
/za/

Obstruents Flap/Tap /ra/

Plosives
/ta/
/da/
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ensembles are different. As mentioned in a previous study
[19] (reviewed in [3]), speaker identification depends not only
on the individual characteristics of each of the speakers, but
also on the characteristics of the other speakers with whom
they are being compared. We drafted 4 speakers who had
similar fundamental frequencies, and this should have had an
effect on the difficulty of the identification task. We should
examine the effects of the difference in speaker ensembles in
our next study.

The final goal of this study is to explain the mechanism of
speaker identification, and to understand its relationship to the
linguistic aspects of speech sounds. Our next task is to verify
the potentiality of the nasal sounds that indicate speaker’s
individual characteristics. We should investigate the nasality
feature in other phonetic circumstances, such as in the coda
position, with other vowels and nasalised vowels themselves,
and under other conditions, such as at different fundamental
frequencies and in different speaker ensembles.

In addition, the identification score differences among the
coronal nasals, /na/ and /nja/, and the bilabial nasal, /ma/,
is still unexplained. This tendency was also observed in our
previous studies [6,7], and the same tendency was true with
the oral sounds, the result for /da/ being higher than that for
/ba/ [7]. Phonetic and/or acoustical explanation will be
necessary for this.

4. Summary
In this study, we conducted a perceptual speaker identi-

fication experiment in order to examine the effects of speaker-
listener familiarity and of the stimulus content. We used the
same materials as those used in our previous study [6], where
familiar listeners identified the speakers.

The results showed that familiar listeners performed
significantly better than naive listeners; however, the overall
effects of the stimulus content were similar between familiar
and naive listeners. The nasals /na/ and /nja/ were
particularly effective for speaker identification, and the
identification score differences among the coronal nasals
and the labial nasal was again observed in this study.
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