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Abstract

Human speech has been proven to carry more information than people expected. It is
suggested that listeners are able to extract the personal information including gender,
age and even personality of the speaker who uttered the voice (Pisanski et al., 2014).
Regarding the acoustic parameters which would significantly influence the perception
of traits, former research argued that pitch, intonation and formant dispersion might
affect the listener’s judgement on speaker’s personality (Hughes et al., 2009; Tyler,
2015; Klofstad et al., 2012). Such perception of personality might further influence the
listeners following behaviour in various situation, yet it remains unclear that how the
listeners’ perception of the produced voice with different vocal parameters will
influence the listener’s judgement on speaker’s personality in an education setting.
Therefore, a psychological experiment was conducted to investigate the student’s and
adult’s pattern of perception regarding the linkage between the acoustic parameters and
the personality of artificial speaker given the context that the voice is uttered by a
secondary school teacher. Results show that the students possibly tend to prefer the
voice with higher fundamental frequency and higher formant dispersion, and
significantly regard the voice with wider pitch range (p =0.016) as produced by a better
teacher. The adults and students show mere statistical difference regarding the
perception of teacher’s voice. Based on the preference for acoustic parameters, it is
indicated that students tend to consider the teacher who sounds more trustworthy and

less dominant as a better teacher.
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Introduction

Voice is a useful resource for perceiving the personal information of speakers. Previous
studies have suggested that listeners can extract various information about a speaker’s
age, gender and even personal traits (Pisanski et al., 2014). The perception of personal
traits has been found to affect listeners’ subsequent behaviours in mate selection
(Borkowska & Pawlowski, 2011; Apicella & Feinberg, 2008), political elections (Tigue
et al., 2012) and job interviews (Schroeder & Epley, 2015). Although previous studies
have suggested that vocal perception of traits can influence listeners’ following
decisions and behaviours in many situations, it remains unclear how the perception of
personal traits would differ with the exposure to various voices if an educational context
was given. In this study, the research question is when listeners are judging teachers’
traits and determine whether they are good teachers based on their voices, whether there
will be any different relationships between the acoustic parameters and the perceived
traits of teachers. This investigation can cast new light on how personal information is

vocally perceived by humans in both psychological and educational domains.

Literature review

Human voices have rich information about speakers which can be perceived by listeners.
For example, the accents of speakers indicate where they come from, while the
smoothness of voices may suggest whether the speakers are old or young. The voice
provided information not only about the speakers’ identity but also about the physical
features such as health, body height and weight (Pisanski, 2016). Surprisingly, there are
also a great number of acoustic and vocal cues in human voice containing abundant
information about the personal traits of speakers which can be judged by listeners. For

example, listeners were able to determine whether a speaker was trustworthy or not
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from a completed sentence (Apicella & Feinberg, 2008), a single word (McAleer et al.,
2014) or even an uttered vowel (Bruckert et al., 2010). Rather than being random, the
relationship between the vocal cues and personal traits is consistent. According to
McAleer and Belin (2019), the inter-listener consistency of predicting the attribution of
the speakers was significantly high across various methods of statistical analysis.
Though the correlation might not be in line with the speaker’s self-reporting of
personality, the consistency within the group of listeners with the same features

remained remarkably high (Aronovitch, 1976).

Former research, therefore, focused on figuring out what traits can be perceived and
judged by the listeners through acoustic cues. McCrae and Costa (1987) attempted to
ask the participants to make judgements on the traits from 5 dimensions, including
attractiveness, outgoingness, dominance, etc. Although the listeners were able to rate
the targeted voice from various perspectives, it was argued that there were negligible
redundant attributions that correlated to the dominating traits (McAleer et al., 2014).
According to Oosterhof and Todorov (2008), the perceivable traits can be divided into
dominance and trustworthiness, as being indicated by Principal Component Analysis.
In former research, perceived traits were typically summarised into two dimensions.
The first group of traits emphasized competence, dominance and power, which were
further summarised as dominance (Sutherland et al., 2013; Scherer, 1972). While the
other dimension was comprised of likeability, friendliness, kindness, and
trustworthiness. etc., which were grouped as trustworthiness due to the similarity
(Zuckerman et al., 1988; Rosenberg et al., 1968). It was suggested that a listener tended
to make a quick and similar judgement on inter-connected traits, which formed the
dimensions and groups of traits (McAleer et al., 2014). In other words, listeners tended

to determine whether the speakers were a leader or generally a nice person from a brief
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utterance produced (McAleer & Belin, 2019). To some extent, the overgeneralization
of traits perceived was due to that the participants’ judgements had been formed through
the very beginning of short exposure to the stimulus already (Secord, 1958).
Additionally, developed from the two-dimension model of perception of trait, it was
found that the attractiveness of voice was established by combining trustworthiness and
dominance according to the rating, indicating that these two main traits were

predominant among others.

Regarding the vocal parameters that will influence the listener’s perception of personal
traits, several acoustic cues significantly correlated with the perceptual process. First,
the relationship between formant dispersion and perceived dominance has been
confirmed to exist in previous studies. To be specific, formant dispersion referred to a
function of mean distance among formants in human voices, which indicated the
distance from the mouth to the larynx and also indicated the vocal tract length (Fitch,
1997). In former studies, it was found that voices with smaller formant dispersion were
perceived as being more dominant (Hughes et al., 2009). Such finding of perceived
dominance was also supported by evidence for both male and female listeners (Puts et
al., 2007). Since the vocal tract length is a comparatively rigid parameter based on the
physiological difference in the vocal organs, it was argued that dominance was judged

based on the more unmalleable features of humans (McAleer et al., 2014).

Apart from the influence of formant dispersion, it was also found that pitch and
intonation have a significant role in the perception of personal traits. In previous studies,
pitch referred to the perceived fundamental frequency while intonation was considered
as the pattern of the fundamental frequency. For the female listeners, it was found that

the ascending intonation sounded less trustworthy among female speakers, while the

11
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slightly higher pitch of male speakers would be perceived as more trustworthy (Tyler,
2015; Klofstad et al., 2012). It is indicated that the perception of trustworthiness is
generally associated with the pitch and pattern of intonation. Further, in the educational
settings, the teachers whose voices had a narrower range of pitch seemed to be more
confident in a classroom context, which was suggested to improve the effectiveness of
teaching (Schmidt et al., 1998). It is worth noticing that both pitch and pattern of
intonation are comparatively manageable by the speakers. In other words, being
trustworthy and likeable was suggested to be more variable compared to more rigid
dominance. Such phenomenon was also found in facial perception, as dominance was
suggested to be associated with the overall structure of the face while friendliness and
trustworthiness were found to be affected by the eyes and mouth which were more

variable (Oosterhof & Todorov, 2008).

In terms of practical applications, previous studies focused on the relationship between
the perception of traits and the effects on listeners’ subsequent decisions and behaviours.
One of the examples is the relationship between the perceived traits of the politician
and who the listeners vote for. In general, voices with low pitch were found to be more
competent and more likely to be a leader (Tsantani et al., 2016). In fact, a low-pitch
voice was selected as the preferred candidate by the listeners in the context of political
voting (Klofstad et al., 2012). Moreover, such preference for a low-pitch voice was
confirmed to exist among the judgements towards both male and female candidates,
which might account for the lack of female politicians based on the consideration that
the physiological difference in the vocal tract and produced fundamental frequency (Ko

et al., 2015).

Another situation where the perception influences the listeners’ behaviours occurs in

12
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mate selection. When listeners are deciding whether a speaker is a good partner, they
will take dominance, fertility, physical body size, etc., into consideration (Borkowska
& Pawlowski, 2011; Xu et al., 2013). It was mentioned that generally, both male and
female listeners tended to consider lower-pitch voices as more attractive (Jones et al.,
2010). In other research, it was suggested that both males and females would prefer the
averaged voices which were manipulated with a higher harmonic-to-noise ratio,
indicating the speakers were healthier due to the enhanced smoothness in the voice
(Bruckert et al., 2010). Furthermore, not only did the perceived attractiveness affect
mate selection and dating behaviour, but the preference of interviewees during the job

interview was also partly derived from vocal attractiveness.

Previous studies have partly indicated the relationship between acoustic cues and
students’ perception of teachers’ traits. The examined acoustic cues were limited to
several concrete parameters. For example, the teachers whose voices were equipped
with a wider pitch range and loudness range were considered more pleasant by the
students (Gampel & Ferreira, 2017). Moreover, it was suggested that higher pitch and
slower speech rate sounded more motivating and could catch more attention (Rodrigues
et al., 2018). It is believed that students’ perception of teachers’ traits will likely be
affected by acoustic cues of the teachers’ voices. Nevertheless, the relationship between
acoustic cues and students’ perception of teachers’ traits requires more in-depth

investigation regarding the vocal cues and type of traits.

Research gap & Question

As been mentioned above, previous studies attempted to figure out what judgements
and behavioural decisions would listeners make after they listened to the targeted voices

with some acoustic features manipulated. The studies on the perception of personal
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traits through acoustic cues were observed to successfully predict the success in
political elections (Klofstad et al., 2015), the results of job interviews (Schroeder &
Epley, 2015) and other situations. The wide application of the relationship between
acoustic cues and human behaviours in the authentic world implicates the significance
of the study on the perception of traits. However, it was suggested that the listeners’
perception would be influenced by who they were judging, such as politicians,
interviewees or future partners (McAleer & Belin, 2019). So far, there has been no study
attempting to cover how would the perception of traits change if the speaker is given
the role as a teacher and the present study plans to extend the relationship between

acoustic cues and perceived traits into the educational domain.

Apart from the judging context of perception, it is also noticeable that the age of the
listeners should be taken into consideration as well. In general, previous studies
investigating the field of trait perception mainly tend to choose adults as participants in
the studies. Regarding the relationship between age and perception of traits, it was
suggested that different ages, either young or older, would possibly influence the
perceived first impression and personality (Ewing et al, 2015; Ethier-Majcher et al.,
2013). For example, Saxton (2006, 2009) found that teenagers’ perception of
attractiveness would not be the same as adults’ until they reached puberty. In fact, the
survival-related perception of traits, including trustworthiness, was believed to develop
at the early age of a human being (Oosterhof & Todorov, 2008). It is rational that the
perception of traits of teenagers will change along with their cognitive development as
they grow up. Apart from it, since most of the studies on vocal perception of traits focus
on adults, it will be more precise to compare the performance of adults and secondary

students regarding the perception. Hence, the research questions are:

14
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1) When the listeners are judging teachers’ traits and determine whether they are good
teachers from the teachers’ voices, will there be any relationships between those
acoustic parameters and the perceived traits of a teacher? If so, what relationships

are there?

2) Will there be differences in the vocal perception of traits between secondary school

students and adults?

15
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Methods

Participants

To compare the different patterns regarding the perception of traits from teachers’
voices, two groups of participants were recruited in this study. For Group A, 16
secondary school students were recruited. The age of this group was located between
12 and 15 years (M = 14.375, SD = 0.719; 7 males and 9 females) since the research
aimed to investigate the early adolescent’s perception of traits of teacher’s voice. For
Group B, 16 undergraduate students were recruited. In comparison with the perception
of teenagers, the participants’ age was between 20 and 25 (M = 23.118, SD = 1.166; 7

males and 9 females).

For both Group A and B, the participants were all native speakers of Mandarin Chinese
and they completed Language History Questionnaires (Li et al., 2019) to reduce the
unexpected influence of their language background and language proficiencies on the
results. For the history of second language learning, the mean length of studying of
English Language is 8.312 years (SD = 0.873) for Group A, while the mean length is
17.294 years (SD = 1.213) for Group B. None of the participants in either group
reported any history of serious brain illness or damage, hearing loss, language difficulty
or learning problems. The Education University of Hong Kong (EAdUHK) ethics
committee gave its approval to this project. Each participant was voluntary for

approximately 15 minutes of study participation.

Materials

The original vocal stimulus was synthesized using VocalTractLab (Birkholz, 2020) to

produce a male voice. Since the complexity of the intonation system of stimuli would
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potentially influence the process of perception (Scherer, 1972), English was chosen for
the stimuli due to the comparatively simplified phonological system to Chinese. The
stimuli will be in the form of the same brief word with a duration of around 500ms. In
this study, the word “bitter” is synthesized since a pilot experiment determined that the
utterance sounds less machine-like compared to other synthesized consonants and
vowels. That duration was chosen because of the proven consistency among listeners
with the condition of 300ms exposure to the target, which was sufficient enough for

people to make judgement through voice (McAleer, 2014).

Figure 1. Spectrogram of synthesized “bitter”

T 1I'rr1!
110LLLLLL \' "‘

Based on previous studies, three acoustic parameters were manipulated in this study:
fundamental frequency, pitch range and formant dispersion. For both fundamental
frequency and pitch range, the stimuli were resynthesized adopting the Manipulation
function in Praat (Boersma & Weenick, 2001). Three levels of fundamental frequency
(110Hz, 100Hz & 90Hz) and three levels of pitch range (50%, 100% & 150% wide)
were manipulated based on a pilot experiment that determined the minimal difference
which could be perceived by the participants. For formant dispersion, there were three

levels of formant dispersion, with the formant shift ratio being manipulated to 95%,

17



ACOUSTIC FEATURES & STUDENT’S PERCEPTION OF TRAIT

100% and 105% respectively using the Convert function in Praat (Boersma & Weenick,
2001). In total, there were 27 conditions (3 conditions of fundamental frequency, pitch

range and formant dispersion respectively) of voices for both male and female voices.

Figure 2. Pitch pattern of different conditions

HIM2M3 LIM2M3 L1H2M3
0.126515343 0.583471255 0.126515343 0.583471255 0.146582941 0.603538852
: 200 . 4

Pitch (Hz)
Pitch (Hz)
Pitch (Hz)

75 - ‘ 75 ’ ' 75 ' :
0 0.7459 0 0.7459 0 0.7459
Time (s) Time (s) Time (s)

Note. From left to right: 1. high Fy, medium pitch range & medium formant dispersion;
2. low F,y, medium pitch range & medium formant dispersion; 3. low F,, wider pitch

range & medium formant dispersion.

Procedure

The experiment was conducted in a quiet room with a laptop (Model: MacBook Air
2020) and headphone (Model: Bose QC35). Two-alternative-forced-choice (2AFC)
method was used in the experiment. The experiment was built using PsychoPy, an open-
source package to design and make precise psychological experiments (Peirce et al.,
2019). At the very beginning, the instructions of the experiment were displayed. A
training session was provided including 5 trials for the participants to get familiar with
the procedure of the experiment. After the training session, the student would be given
162 trials to judge. In each trial, participants would see a fixation for 500ms first,
followed by the question about the expected trait to be evaluated for 500ms. After that,

participants were required to listen to two voices (around 500ms each) with a 300ms
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pause and choose the voice which matches the targeted trait better by pressing the ‘F’
and ‘J’ in the keyboard. The stimuli were played in random order regarding the
combination of conditions. After the participants pressed the computer key to indicate
their preference, another trial would begin. During the experiment, there were six
vigilance trials to examine the participants’ attention. All participants completed the

vigilance trials with all answers correct.

Figure 3. Procedure of each trial

t (sec)
eduFixa I

eduQues I

edulns I
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edustim2 Q))
eduResp
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In each trial, only one acoustic parameter out of the three will be modified in order to
control the variables (e.g., low F, - low pitch range - low formant dispersion vs. low F,
- low pitch range - high formant dispersion). The participants were clearly given the
context that the speaker to be judged is a secondary school teacher. In each question,

there were 54 possible combinations of parameters as in Appendix 11.

Data Analysis

In this study, the data regarding students’ perception of teachers’ personalities were
analysed. The collected data is analysed in two methods. First, based on the student’s
choice in each trial, the chosen voice will be regarded as “good teacher”, while the left
one will be labelled as “bad teacher”. Logistic regression is conducted using SPSS to

model the categorising (IBM Corp., 2020, Ver. 27). The three acoustic parameters of
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each voice will be analysed as three independent variables, while the binary dependent

variable is whether the voice is categorized as being “good” or “bad”.

Second, the collected data will be analysed in the form of ratio. For each participant
individually, the choice made in each pair will be quantified. For example, each time
the former one is chosen in a certain pair (e.g., high-medium-medium & medium-
medium-medium), the former voice will receive 1 score which will be transferred into
a ratio (former score/total score) at the end. The score will be summed up and
normalized for different level of analysis. For example, when investigating the
preference for F, all the individual scores of voices with high F, in the pair where the
F, is the modified parameter will be summed up and calculated into a ratio for further
analysis. For the within-group analysis, the paired #-test is conducted to compare the
ratio of higher or lower conditions. For the between-group analysis, the independent #-

test is conducted to compare the ratio between the student and adult groups.
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Results

The results of this study will be illustrated from three perspectives. First, students'
preferred voice of the teacher will be described from the aspects of fundamental
frequency, pitch range and formant dispersion separately in a general manner. Second,
the preference will be further investigated when other acoustic conditions are fixed to
a certain level. For example, the question that what kind of voice students will prefer
when the teacher speaks at a lower pitch will be answered in this section. Lastly, the
students' preference for the teacher's voice will be compared with the choices made by

adult participants to further construct the pattern of the student's preference.

Preference for acoustic feature

Generally, it is found that the students show a clear preference for the acoustic features
of perceived voice as illustrated in the left-hand section of Figure 4. For fundamental
frequency (F,), the students tend to choose the voices with higher F, (M = 0.573,SD =
0.204) more frequently compared to those with lower Fy (M =0.427,SD =0.204). While
for formant dispersion, participants prefer the voice with higher formant dispersion (M
=0.587,8D =0.186) than lower one (M =0.413, SD = 0.186). Specifically, the student
participants show a significant preference for pitch range of the teacher's voice. The
voice with wider pitch range (M = 0.611, SD = 0.164) are significantly preferred
compared to voice with narrower pitch range (M = 0.389, SD = 0.164) when indicating
which one would possibly be better teacher [#(15)=2.717,p = .016,Cohen's d = 0.327].
Such finding is supported by modelling the pattern of categorizing teachers' voices
using logistic regression as well. In the logistic regression model (Table 1), it is
indicated that the narrower the voice sound, the less chance that the student will regard

the speaker as a good teacher (p = .011, OR =0.734, CI: [0.591; 0.935]).
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Figure 4. Preference for the acoustic features of both groups
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Table 1. Results of logistic regression of students

95% CI for odds ratio

B Lower Odds Ratio  Upper

Intercept 0.037

Fo-high 0.166 0.939 1.181 1.485
Fo-low 0.006 0.801 1.006 1.265
Pitch range-high -0.053 0.755 0.949 1.192
Pitch range-low -0.297* 0.591 0.743 0.935
Formant dispersion-high  0.124 0.900 1.132 1.422
Formant dispersion-low  -0.067 0.744 0.935 1.176

Since the choice is normalized and analyzed in high and low only as in the pattern
mentioned above, the findings may be limited to a certain extent and not comprehensive
enough. To investigate and determine whether the perceived trait of a teacher is
interpreted in a wrong manner, students' preferences of the acoustic feature are further
analyzed separately between high-medium (High and Mid) pair and medium-low (Mid
and Low) pair. As been indicated on the left-hand side of Figure 5, the students'

preference for teachers’ voices shows similar patterns between two different pairs. That
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is, the voice with higher F,, wider pitch range and a higher level of formant dispersion
is comparatively preferred by the participants in both comparisons. In addition,
students' preferences for acoustic features between high-medium pair and medium-low
pair did not show any statistical differences. Rather, one interesting finding to notice is
that the students' tendency to regard the voice with a wider pitch range as uttered by a
good teacher is specifically significant when comparing medium and low stimuli [#(15)
= 3983, p = 001, Cohen's d = 0.349], while the comparison between the high and

medium level of pitch range is not statistically significant.

To conclude the section shortly, the students tend to choose the voice with a higher
fundamental frequency, wider pitch range and high level of formant dispersion when
determining which voice is produced by a perceived good teacher. Specifically, such
preference is consistent in both the comparison between medium-low pairs and high-
medium pairs. Among the three mentioned acoustic features, the difference in pitch
range is perceived more distinctly by the student participants, of which the higher pitch

range is significantly perceived as a better teacher.

Figure 5. Preference for the acoustic features of both groups by High-Mid and Mid-

Low
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Preference by fixed condition

Apart from the general tendency of students' choice regarding the acoustic features of
a good teacher, the question that what different choices the participants would make
when a acoustic parameter is fixed to a certain level will be attempted to be answered
in this part. In Figure 6, each of the boxplot charts refers to the participants' preference
for either higher or lower acoustic feature (e.g. preference for F, in the first chart) when
another parameter is fixed to a given condition (e.g. when the formant dispersion is

fixed as in the left-hand side of the boxplot of the first row).

As indicated by Figure 6, the tendency of choice follows the rules which are found in
above paragraph in general. The voice which shows higher F,, wider pitch range and
higher level of formant dispersion is still preferred when the other acoustic parameters
are determined. In the first line of Figure 6, the preference of F, is investigated in
various settings. For example, the students participants significantly tend to prefer the
voice with higher Fy, (M = 0.656, SD = 0.262) compared to lower F, (M = 0.344, SD =
0.262) when formant dispersion is low [#(15) = 2.390, p = .004, Cohen's d = 0.459].

Another example is that when the pitch range is fixed to medium, students significantly
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prefer the high F, voice (M = 0.625, SD = 0.215) rather than low F, voice (M = 0.375,
SD =0.215) when determining which voice is uttered by a better teacher [#(15) =2.324,
p = 035, Cohen's d = 0.430]. Indeed, such tendency may not be significant for every
circumstance. For instance, the preference for higher F, (M =0.510, SD =0.295) seems
to be very similar to lower Fy, (M = 0.490, SD = 0.295) when the pitch range is fixed to
a high level. However, the general trend and conclusion stand still based on the
collected data of students' perception. In addition to students' preference for FO, it is
also found that the choice of pitch range is sensitive to the change of other vocal
conditions as well. For example, participants would significantly prefer voice with
wider pitch range (M = 0.667, SD = 0.236) than narrower one (M = 0.333,SD =0.236)
when the F, is fixed to a low level [#(15) = 2.828, p = 013, Cohen's d = 0.471].
Moreover, the wider pitch range voice (M = 0.698, SD = 0.229) is significantly
preferred when the formant dispersion is at a high level as well [#(15) =3.450, p=.004,

Cohen's d =0.459].

Figure 6. Preference for the acoustic features of the students by fixed positions and by

variables
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Comparison between student and adult

In the above passage, the pattern of students' perception and preference regarding a
good teacher's voice is constructed. From the perspective of a student, a voice with a
higher F,, wider pitch range and higher level of formant dispersion is regarded as a good
teacher's voice, of which the change of pitch range influences the perception with
statistical significance. However, the question that whether such a pattern is consistent
among adult listeners as well remains unsolved. In this section, the general pattern of
adults' preferences will be illustrated first, followed by a comparison between the

students' and adults' perception of a good teacher's voice.
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In general, the adults' preference for a good teacher's voice shows both similarity and
difference compared to students' choices. As illustrated in the right-hand side of Figure
4 and Figure 5, the adult participants tend to draw a pattern of perception similar to
students, which shows a preference for voice with higher Fy, wider pitch range and high
level of formant dispersion. Among the three acoustic parameters, the adult participants
significantly tend to choose voice with higher formant dispersion (M = 0.639, SD =
0.188) than lower one (M = 0.371, SD = 0.188) when choosing between medium and
low condition of formant dispersion [#(15) = 2.953, p = .010, Cohen's d = 0.376]. In
logistic regression, the adult participants' sensitivity of formant dispersion is further
supported. As in Table 2, it is reported that the lower level of formant dispersion is, the
less likely that the adult participants will consider the voice as uttered by a good teacher
(»p = 0.033, OR = 0.780, CI: [0.621; 0.980]). In addition, adult participants tend to
choose the voice with higher Fy (M = 0.656, SD = 0.254) than lower F, (M = 0.344, SD
=0.254) when the formant dispersion is at a low level [#(15) =2.457, p = .027, Cohen's
d =0.509]. Apart from it, the adults also prefer the voice with higher F, (M =0.656, SD
=0.187) than lower F, (M = 0.344, SD = 0.187) when the pitch range is medium [#(15)
=3.337,p = .004, Cohen's d = 0.376].

Table 2. Results of logistic regression of adults

95% CI for odds ratio

B Lower Odds Ratio  Upper
Intercept 0.141
Fo-high 0.003 0.799 1.003 1.261
Fo-low -0.164 0.675 0.849 1.067
Pitch range-high 0.041 0.829 1.042 1.309
Pitch range-low -0.028 0.774 0974 1.223
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Formant dispersion-high  -0.066 0.745 0.936 1.176

Formant dispersion-low  -0.248%* 0.621 0.780 0.980

To compare the perception pattern of students and adults, it was found that the
preference for vocal parameters is quite similar from one group to another. To
investigate the statistical difference, an independent t-test was conducted on the
perception performance between the two groups. As a result, it is surprising to find that
students tend to choose the voice with wider pitch range (M = 0.698, SD = 0.229) while
adults did not show such preference (M = 0.490, SD = 0.254) when the formant
dispersion is fixed to a high level [#30) = 2.433, p = .021, Cohen's d = 0.242]. The
difference might be due to the feature mentioned in the former section that students
show a significant preference for voice with a higher pitch range while adults are more
sensitive to the change of formant dispersion, which leads to an insignificant preference
for pitch range when the formant dispersion is already high. In one word, despite several
certain situations in which the adults show unique features, adult and student
participants largely share a very similar pattern of preference for the voice of a good

teacher.
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Discussion

This study aims at figuring out the relationship between the acoustic parameters of an
uttered voice and the perceived trait of a good teacher. Based on previous findings,
three acoustic features: fundamental frequency, pitch range and formant dispersion are
chosen to investigate the relationship by a perception experiment. Since the question
that whether there will be differences in vocal perception between students and adults
remains unclear as well, two groups of participants (16 secondary school students and

16 adults) are recruited for further comparison and analysis.

For the findings of this study, it is found that under the educational context, the
relationship between acoustic parameters and students' vocal perception of teacher's
traits shows several new features. It is found that from the students' perspective, the
voices which were comparatively higher in fundamental frequency, wider in pitch range
and higher in the level of formant dispersion are more likely to be considered to be
spoken by a good teacher. Among the three conditions, students' preference for voices
with a wider pitch range shows statistical significance. The finding agrees with the
former research suggesting that a wider pitch range is considered more pleasant by the
students and a higher pitch sounds more motivating to students (Gampel & Ferreira,
2017; Rodrigues et al., 2018). For the study on formant dispersion, this study attempts
to establish the relationship between a higher level of formant dispersion and the
portrait of a good teacher, which furthered the understanding of students' vocal
perception of a teacher's trait. Apart from the relationship within the student group, this
study also examines the generality of the pattern of students' vocal perception of a good
teacher by conducting the perception task on adult participants. The result shows that
the adult group tend to present several unique features regarding the perception of a

good teacher, including the negative influence of a low level of formant dispersion
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which is significant. Except for the situation that students significantly tend to choose
the voice with a wider pitch range than adults when the formant dispersion is fixed to a
high level, the choices made by the students and adults indicate no statistical
significance. Hence, it is rational to argue that regarding the vocal perception of a
teacher's trait, age and cognitive development do not play an important part as expected

in the research question.

To explain the relationship between the acoustic parameters and students' preference of
voice, it is worth noticing that the perceived portrait of the teacher's voice is linked
closely with the potentially indicated traits of certain acoustic parameters. For example,
the wider pitch range was commonly reported to associate with the personality of being
trustworthy and friendly (Gampel & Ferreira, 2017). Moreover, the higher fundamental
frequency also indicated the trustworthiness of the speaker among male speakers (Tyler,
2015; Klofstad et al., 2012). Based on former studies regarding the linkage between
acoustic cues and traits, it is rational to argue that from the students' perception, a
teacher with a personality of being trustworthy and friendly is considered a better
teacher than those with less trustworthiness. On the other hand, the acoustic parameter
of formant dispersion, which reflected the length of the vocal tract, was reported to have
a strong correlation with the traits related to dominance (Hughes et al., 2009). For
example, the longer vocal tract results in lower formant dispersion, which is likely to
be perceived as being dominated by the listeners. Hence, the students' preference in this
study may suggest that a voice with less dominance, which is triggered by higher
formant dispersion, is regarded as a better teacher according to the perception of student
participants. Combining two aspects of the targeted acoustic parameters, the ideal
personality of a good teacher could be possibly illustrated by the preferred condition of

acoustic parameters: from the students' perspective, a teacher who is very trustworthy
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while being not dominant at the same time is regarded as a good teacher from his or her
voice. Previous research suggested that whether students considered the teacher as
being competent positively related to the students’ perception for the teacher’s
personality (Jones, 1989). In fact, the relationship between teacher’s personality and
the teaching effectiveness was proved to exist as well (Polk, 2006). Specifically, it was
found that the caring and trustworthiness personality was significantly correlated with
the perceived expertise of teachers as rated by the students (Teven & Herring, 2005).
In other words, the personality related to trustworthiness, kindness and likeability tends
to positively improve the teacher’s perceived professionalism. Therefore, the current
study supports the hypothesis that the teacher’s personality would enhance the teaching
and learning by evidence based the relation between the students’ perception of specific
vocal cues and the teacher’s trait, which is a new perspective apart from the student’s

rating for the teacher and the teacher’s self-report.

As for the future implication, this study will have potential influences on two aspects.
First, the findings of this study will provide theoretical support for vocal training for
future professional teacher development. In traditional teacher training, prospective
teachers are trained regarding how to protect their vocal tract in the classroom
(Rodrigues et al., 2013). Apart from it, experienced teachers are likely to pass the
knowledge of how to catch students' attention based on authentic experiences. The
findings of this study could possibly be applied in teacher training, suggesting that
higher pitch and wider pitch range should be used based on students' perception patterns
from the experiment. It was suggested that fundamental frequency and pitch range were
very flexible and can be easily adjusted though formant dispersion is more fixed and

closely related to the length of the vocal tract (Fitch, 1997). For teachers with certain
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vocal tract lengths, this study also provides several suggestions for them to refer to

when preparing for their voice.

The second implication of this study is that the findings will potentially enhance the
quality of speech synthesis in robot-assist learning or other forms of online learning. In
current online teaching platforms or robot-assist learning, it is seldom witnessed that
the voice quality of the machine voice is adjusted to cater for the students' learning
needs. In this study, it is found that the male voice with a wider pitch range, higher F,
and high level of formant dispersion is perceived as being produced by a good teacher.
In future speech synthesis tasks for educational purposes, it is suggested that the
corresponding acoustic parameters of the synthesized voice should be manipulated to a
comparatively higher level, which has been partially proven to have a positive impact

on students' perception of the voice as an artificial teacher. In one words,

Limitation

Although this study attempts to establish a solid relationship between acoustic
parameters and students' perception of teachers' voices, there are still limitations that
restrict the generalization of the findings. First, the effect size of this study seems to be
in a relatively small position. In most significant situations, the effect size of the
findings ranges from 0.24 to 0.509, and most of the effect size falls around 0.45.
According to Cohen (1988), differed from the statistical significance, effect size
reflected what extent the phenomenon solidly existed among the group. In other words,
the effect size will not change along with the enlargement of the sample size. In detail,
it was argued by Cohen (1988) that the effect size smaller than 0.2 was regarded as
small while the range from 0.2 to 0.5 was merely medium. Since this study focuses on

the effect of acoustic parameters, further research on the performance of groups
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categorized by different factors (e.g. sex, bilingual, academic performance, etc.) was
out of focus. Therefore, the collected data might contain certain undiscovered patterns

which may result in a small effect size regarding the current findings.

The second limitation of this study is the manipulation of the stimulus. For the
manipulation, the voice has been manipulated into 27 conditions (three acoustic
features at three levels separately). Although these 27 conditions have already
represented a large scale of stimulus, the manipulation still fails to provide cues for the
exact voice quality and condition that can motivate the students most. Restricted by the
number of conditions, the results of this study only suggest whether the higher or lower
condition is preferred, instead of listing an exact pitch range that can most attract the

students.

Therefore, future researchers are suggested to improve the situation in two aspects. To
solve the problem of small effect size, future studies could attempt to figure out the
influence of various personal factors by comparing the between-group results. Apart
from the change of methodology, a more accurate statistical method and model should
be adapted as well. In this study, the #-test and logistic regression were mainly applied
in the analysis. It is expected that other statistic-categorical methods (e.g. k-means,
decision tree, etc.) may show more properly fitting results instead, which is likely to
solve the problem of small effect size and small likelihood. Additionally, the
manipulation of stimulus should be more specific as well. In the future, that
manipulation of stimulus is suggested to be made in a continuous manner or more levels

of condition should be manipulated.
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Conclusion

This study attempts to establish the relationship between the acoustic features and the
perceived traits of a teacher and further investigate the difference between adult and
secondary students regarding the pattern of perception. To achieve such goal, 16
secondary school students and 16 adults are recruited to conduct a psychological
experiment which asks the participants to make judgements about trait and personality
between two voices. As a result, the study finds that students significantly prefer the
voice with wider pitch range when choosing which one sounds like a good teacher, and
tend to choose voice with higher fundamental frequency and formant dispersion.
Several significant results related to the situation where certain condition is fixed are
found as well. For the adult group, it is found that the general preference for teacher’s
voice remains the same to a large extent, despite some special circumstance. The results
indicate that the students tend to regard the voice which shows more trustworthiness
and less dominance as being uttered by good teacher, which could potentially benefit

the future teacher training and speech synthesis for educational purpose.
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Appendix

Appendix. 1 Design of experiment Question

Which one of the speakers is

more likable?

Trait Question Acoustic parameter
3 conditions (high — medium - low)
Formant | Fundamental | Pitch
dispersion frequency range
Is Which one of the teachers is
he/she | better in teaching?
a good | Which one of the teachers will
teacher | you pay more attention?
? Which one of the teachers can
better motivate the student??
Which one of the teachers is
more responsible?
Which one of the teachers will
you listen to more carefully?
Domin | Which one of the speakers is
ance more competent?
Which one of the speakers is
more predominant?
Which one of the speakers is
more aggressive?
Which one of the speakers is
more submissive?
Which one of the speakers is
more confident?
Trustw | Which one of the speakers is
orthine | more kind-hearted?
ss

Which one of the speakers is

more trustworthy?

Which one of the speakers is

more easy-going?

Which one of the speakers is

more friendly?
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Appendix. 2 Language History Questionnaire (adapted from Li et al., 2019)
Please answer the following questions to the best of your knowledge.

PART A

1. Age (in years):

2. Sex (circle one): Male/Female

3. Education (degree obtained or school level attended):

4(a). Country of origin:

4(b). Country of Residence:

5.If 4(a) and 4(b) are the same, how long have you lived in a foreign country where
your second language is spoken? If 4(a) and 4(b) are different, how long have you
been in the country of your current residence?

6. What is your native language? (If you grew up with more than one language, please
specify)

7. Do you speak a second language?

___YES my second language is

___NO (If you answered NO, you need not to continue this form)

8. If you answered YES to question 6(b), please specify the age at which you started
to learn your second language in the following situations (write age next to any
situation that applies).

Athome

Inschool

After arriving in the second language speaking country

9. How did you learn your second language up to this point? (check all that apply)
Mainly through formal classroom instruction ______

Mainly through interacting with people ___

A mixture of both

Other (specify)______

10. List all foreign languages you know in order of most proficient to least proficient.
Rate your ability on the following aspects in each language. Please rate according to
the following scale (write down the number in the table):

very poor (1) poor (2) fair (3) functional (4) good (5) very good (6) native-like (7)

Language Reading Writing Speaking Listening

11. Provide the age at which you were first exposed to each foreign language in terms
of speaking, reading, and writing and the number of years you have spent on learning

each language.
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Language Age first exposed to the language Number of

Reading Writing Speaking years learning

PART B

12. What language do you usually speak to your mother at home? (If not applicable
for any reason, write N/A)

13. What language do you usually speak to your father at home? (If not applicable for
any reason, write N/A)

14. What languages can your parents speak fluently? (If not applicable for any reason,
write N/A)

Mother: Father:

15. What language or languages do your parents usually speak to each other at home?

(If not applicable for any reason, write N/A)

16. Write down the name of the language in which you received instruction in school,
for each schooling level:

Primary/Elementary School Secondary/Middle School

High School College/University

17. When you are speaking, do you ever mix words or sentences from the two or more
languages you know? (If no, skip to question 18).

18. In which language (among your best two languages) do you feel you usually do

better? Write the name of the language under each condition.

Reading Writing Speaking Understanding

At home
At school

19. Among the languages you know, which language is the one that you would prefer

to use in these situations?

At home At work

At a party In general

20. If you have taken a standardized test of proficiency for languages other than your
native language (e.g., TOEFL or Test of English as a Foreign Language), please

indicate the scores you received for each. Language Scores Name of the Test

21. If there is anything else that you feel is interesting or important about your

language background or language use, please comment below.
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Appendix. 3 Consent form for student participants (English)
THE EDUCATION UNIVERSITY OF HONG KONG
Department of Psychology

CONSENT TO PARTICIPATE IN RESEARCH

Effects of acoustic parameter on students’ perception of teachers’ traits: a
perceptual analysis

| hereby consent my child, , to participate in the captioned
project supervised by Dr. Yip Chi Wing Michael and conducted by Mr. Weng Mingyu,
who are staff and student of Department of Psychology in The Education University of
Hong Kong.

| understand that information obtained from this research may be used in future
research and may be published. However, my right to privacy will be retained, i.e., the

personal details of my child will not be revealed.

The procedure as set out in the attached information sheet has been fully explained.
| understand the benefits and risks involved. My child’s participation in the project is

voluntary.

| acknowledge that we have the right to question any part of the procedure and can
withdraw at any time without negative consequences.

Signature:

Name of Participant:

Date:

Signature:

Name of Parent / Guardian*:

Date:

*Please delete as appropriate
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Appendix. 4 Information Sheet for student participants (English)
INFORMATION SHEET
Effects of acoustic parameter on students’ perception of teachers’ traits: a
perceptual analysis

You are invited to participate with your child in a project supervised by Dr. Yip Chi
Wing Michael and conducted by Mr. Weng Ming Yu, who are staff and student of
Department of Psychology in The Education University of Hong Kong.

The introduction of the research

The perception of trait has been found to influence the listeners’ following decision
and behaviour in many situations. However, it remains unclear that how the pattern
of trait perception would differ if an educational context was given. This study
attempts to figure out that when the secondary school students are judging teachers’
traits and determine whether they are good teacher from their voices, whether there
be any different relationships between the acoustic parameters and the perceived
traits of teacher compared to the former situations.

In general, previous studies investigating the field of trait perception mainly tend to
choose adult as participants in the studies. Regarding the relationship between age
and perception of trait, it was suggested that different age would possibly influence
the perceived first impression and personality. For example, the teenagers’ perception
of attractiveness would not be the same as adults until they reached puberty. Hence,
based on the question raised up above, the difference in the perception of traits

between teenagers (secondary school students) and adults would also be addressed

The methodology of the research

30 secondary school students will be recruited, whose age will be located between
12~15 years since the research will investigate on the early adolescent’s perception of
traits of teacher’s voice. Apart from them, 30 undergraduate students will also be
recruited to be in comparison with the perception from participants aged 12~15. The
participants will be recruited through both online post of recruitment and calling for

participants in local secondary schools.

Before the experiment, participants will be asked to take a language history
guestionnaire including age, gender, language proficiency. During the experiment, the
voice will be played through a headphone connected to the computer. The two-
alternative forced choice (2AFC) method will be used in the experiment. At the very
beginning, the instruction of the experiment will be displayed first. In each trial,
participants will see a fixation for 300ms first, followed by the question about the
expected trait to be evaluated for 500ms. After that, participants will hear two voices
(around 500ms each) with a 100ms pause and choose the voice which matches the
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targeted trait better. The reaction time will be recorded by the computer using
PsychoPy. The stimuli will be played in random order regarding the gender and type of
manipulation of parameters. After the participants press the computer key to indicate
the preference, another trial will begin. There will be 150 trials in total for each
participant. The participants will be clearly given the context that the speaker to be
judged is a secondary school teacher. There will be three traits in total: dominance,
trustworthiness, and personality as a teacher. The total duration of each single
experiment is expected to be 15 to 20 minutes. The place of the research is expected
to be either at the psychology lab of EQUHK or in an online form (Pavlovia).

There will be no compensation for the participants in any form.

The potential risks of the research

There are no potential risks during the process of research. Participants were not
involved under coercion. No personally identifiable information or sensitive
information was collected and the participants’ right to privacy was not impinged. No
financial inducement was offered. The procedure did not include deception and no
prolonged testing was involved. No discomfort or psychological stress was caused. No
drug, placebo, blood & tissue sample, irradiation or DNA work was used or collected
in the research.

Your child’s participation in the project is voluntary. You and your child have every
right to withdraw from the study at any time without negative consequences. All
information related to your child will remain confidential and will be identifiable by

codes known only to the researcher.

Describe how results will be potentially disseminated

The results of the study will be published in the form of the thesis of undergraduate.
In the future, the results would have chances to be published as a journal article or
presentation in academic conference. Upon signing, you will grant the permission of
the future use of the data and the future publishment of the results of the research.

If you would like to obtain more information about this study, please contact me by
email at or telephone number , Or my supervisor Dr.
Yip Chi Wing by email at

If you have any concerns about the conduct of this research study, please do not
hesitate to contact the Human Research Ethics Committee by email at hrec@eduhk.hk
or by mail to Research and Development Office, The Education University of Hong
Kong.

Thank you for your interest in participating in this study.

Weng Mingyu
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Appendix. 5 Consent Form for student participants (Chinese)

EBBABFRE
OB &

SHEMRERESE
BRES2RHBLEHANKERANEE : —HEADH
A=Y RS SMBETEELETEE

SHFEEEERNITHMESTE - MM EFEBELAET KRENH
B fE 4 -

AN B BE BT 5T BT & 15 1Y B ORE AT B OR 2R Y BT 5T R0 B4l 5% 3R - AR
mMAANAEREZR THRL > HMEANERFEAERR -

W9t B R P bt B R Ay A B D B R A NE T S o B R - R N E
g HEAEE o AASEHBERTH2HEEBEHE -

AN AR N KT 5 S A 9T AR 2R ST
A EREME FAGRIEMEWR TEFEENEZEEAT
il & £ -

W

SIEEH

m B &

5B
SLB} /B N
zE K

AT BT

47



ACOUSTIC FEATURES & STUDENT’S PERCEPTION OF TRAIT

Appendix. 6 Information Sheet for student participants (Chinese)

A B &'k
BRES2RHBLEHIANBKERANEE : —HEADH

BB TR BETX2NEIXEELEEEE  S$HFLEARR
BATH W FEa & -t MM @ ERBABFTRENHENEE -

bt 3¢ 5t 8§ 41

BFot s EeFr2HEN T HESBEZERENRN gL EIEE
MREMBERANTR - A HEAERE EFHEFHFT > 1B
& B B YRR AR 2R 0 e AR o AR T 5 S I SR P B2 AR A A
SRR A R R HLE S Ry 4 A B R R 2 BB RN A
FiE 2 2 & A B AT A B gE A [F B B A e

— i AR > DAUTE BT 2 R RN S I Y BT SR B e R R HR R AR A
ERUI T2 EE - BN EI BN E ARG U5 bt EH
A T RE s BRI S —ED R E M - #lal > BV EEEA
ERWHZA SRS INEEERFEANAE - Hit > &KL EfE N
EE > FOF (RE8E) MERE N Z B LR R A By 2= R
A A R 1S B AR

Bt 5% 05 iR

AWK 30 % 12~ 1S 2P 824 DFEERNE VF
BECED R E R ERYRLAL o BRIEZ AN > AW TR E R S 30 BAFR
4r o Bl 12~1S RSB BN R A ETIER - 2 MEBR EBEE LHE
MEEERTE2INEES -

BB 2HZHEERCKNESLHEE  SFEER - EH - 58

SRS EERBE D - 5 R E B E R R BRI -
TR PR TSR B (2AFC) J7k - — B HEBERH
ghETRNERZL  EEXEBT > 2HEFEHLEET 300 =
My ER (fixaiton)  BREZERFEZV AR EHAEE (500 =
Mr- 2k > 2BEBFIEINMEZSE (EE K8 500 2% ) 1
HEE 100 28 ZARSUEREEEFToHERENES -
st B (5 A PsychoPy 50 &% K ME Wy [ » R B9 i 1% BRI 1 A1)
SUEFHUNBERIEFER S8EFE Tt EREERHRTFE® -
Rt s — Xl - BHE2HEFZEILKEAE 150 Xl - 28%F
RERM A ER N ESEE T RN R -BEEGH =M
OB YRR B LR > AT (S R E R BCATEY (E 1 - & HEE
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HREROVERFRENHEES R 15 2 20 78 - U 52 H B FHET R AE
HEHEABFRENOCHEHZEE R E N UAE K (Pavliovia) #EAT -
BRI A R T RAEME AR B EEREREVREE
A EREEE S ER -

st BA 4E ] Ja b

EERE T AFEBERR  2BEBFLIEZIHEH - KAEWE
EMEASHDEENBREE 2HENRBLERLRAZIEZE -
RAERMBEEFN - ZEFAEBERE AP REEEAH
e RASIEABENOEESN - HRTRAEEHNKREEY -
ZRUVE > MmOR AT SRR A~ EE AT B DNA T fE -
EAT2HEZHEHZHEBN BTk ST XAEEEBEREBE N
rEgELAEHPZE B HETXABENMAGSEEHEE  ILH
o HOA 5T N B A E B RS A 1Tk A

W

14 At 7 40 {77 3% 4 F 9E &5 R

B 52 &5 R ORF DLA R 8 56 G SOy P 3 3% - fF AR 0 B SR A R A IR
GERPHIXEL R ERREER  FBFR CEHRTRKE
P B3 R R AR 3% 3= B 9T 45 SR Ay 3F AT o

W ~THRESEZEREHENRTHNER,F UL E I

ok & 5h NN R NUNSI R 3T
N T 4% o

WETHEHRWROVETAEEMNER TEREEBLERE A
B HEBEN ST H 8 & B4 (EH: hrec@edunkehk; ik @ HEHEH
RKEWFTRUZFREH L) -

R T S SRR -
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Appendix. 7 Consent form for adult participants (English)
THE EDUCATION UNIVERSITY OF HONG KONG
Department of Psychology

CONSENT TO PARTICIPATE IN RESEARCH

Effects of acoustic parameter on students’ perception of teachers’ traits: a
perceptual analysis

l, , hereby consent to participate in the captioned project
supervised by Dr. Yip Chi Wing Michael and conducted by Mr. Weng Mingyu, who are
staff and student of Department of Psychology in The Education University of Hong
Kong.

| understand that information obtained from this research may be used in future
research and may be published. However, my right to privacy will be retained, i.e.,

my personal details will not be revealed.

The procedure as set out in the attached information sheet has been fully explained.
| understand the benefits and risks involved. My participation in the project is

voluntary.

| acknowledge that | have the right to question any part of the procedure and can
withdraw at any time without negative consequences.

Signature:

Name of Participant:

Date:
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Appendix. 8 Information Sheet for adult participants (English)
INFORMATION SHEET
Effects of acoustic parameter on students’ perception of teachers’ traits: a
perceptual analysis

You are invited to participate with your child in a project supervised by Dr. Yip Chi
Wing Michael and conducted by Mr. Weng Mingyu, who are staff and student of
Department of Psychology in The Education University of Hong Kong.

The introduction of the research

The perception of trait has been found to influence the listeners’ following decision
and behaviour in many situations. However, it remains unclear that how the pattern
of trait perception would differ if an educational context was given. This study
attempts to figure out that when the secondary school students are judging teachers’
traits and determine whether they are good teacher from their voices, whether there
be any different relationships between the acoustic parameters and the perceived
traits of teacher compared to the former situations.

In general, previous studies investigating the field of trait perception mainly tend to
choose adult as participants in the studies. Regarding the relationship between age
and perception of trait, it was suggested that different age would possibly influence
the perceived first impression and personality. For example, the teenagers’ perception
of attractiveness would not be the same as adults until they reached puberty. Hence,
based on the question raised up above, the difference in the perception of traits

between teenagers (secondary school students) and adults would also be addressed

The methodology of the research

30 secondary school students will be recruited, whose age will be located between
12~15 years since the research will investigate on the early adolescent’s perception of
traits of teacher’s voice. Apart from them, 30 undergraduate students will also be
recruited to be in comparison with the perception from participants aged 12~15. The
participants will be recruited through both online post of recruitment and calling for

participants in local secondary schools.

Before the experiment, participants will be asked to take a language history
guestionnaire including age, gender, language proficiency. During the experiment, the
voice will be played through a headphone connected to the computer. The two-
alternative forced choice (2AFC) method will be used in the experiment. At the very
beginning, the instruction of the experiment will be displayed first. In each trial,
participants will see a fixation for 300ms first, followed by the question about the
expected trait to be evaluated for 500ms. After that, participants will hear two voices
(around 500ms each) with a 100ms pause and choose the voice which matches the
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targeted trait better. The reaction time will be recorded by the computer using
PsychoPy. The stimuli will be played in random order regarding the gender and type of
manipulation of parameters. After the participants press the computer key to indicate
the preference, another trial will begin. There will be 150 trials in total for each
participant. The participants will be clearly given the context that the speaker to be
judged is a secondary school teacher. There will be three traits in total: dominance,
trustworthiness, and personality as a teacher. The total duration of each single
experiment is expected to be 15 to 20 minutes. The place of the research is expected
to be either at the psychology lab of EQUHK or in an online form (Pavlovia).

There will be no compensation for the participants in any form.

The potential risks of the research

There are no potential risks during the process of research. Participants were not
involved under coercion. No personally identifiable information or sensitive
information was collected and the participants’ right to privacy was not impinged. No
financial inducement was offered. The procedure did not include deception and no
prolonged testing was involved. No discomfort or psychological stress was caused. No
drug, placebo, blood & tissue sample, irradiation or DNA work was used or collected
in the research.

Your participation in the project is voluntary. You and your child have every right to
withdraw from the study at any time without negative consequences.  All
information related to your child will remain confidential and will be identifiable by

codes known only to the researcher.

Describe how results will be potentially disseminated

The results of the study will be published in the form of the thesis of undergraduate.
In the future, the results would have chances to be published as a journal article or
presentation in academic conference. Upon signing, you will grant the permission of
the future use of the data and the future publishment of the results of the research.

If you would like to obtain more information about this study, please contact me by
email at or telephone number or my supervisor Dr.
Yip Chi Wing by email at

If you have any concerns about the conduct of this research study, please do not
hesitate to contact the Human Research Ethics Committee by email at hrec@eduhk.hk
or by mail to Research and Development Office, The Education University of Hong
Kong.

Thank you for your interest in participating in this study.

Weng Mingyu
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Appendix. 9 Consent form for adult participants (Chinese)

EBBABFRE
OB &

SHEMRERESE
BRES2RHBLEHANKERANEE : —HEADH

ANEEZ2INHESRETLAEEE SHFLESTRTHN
Jeat &l - MM EEEZBERENHBENEZ AL -

AN B BE BT 5T BT & 15 1Y B ORE AT B OR 2R Y BT 5T R0 B4l 5% 3R - AR
MmMANAERER NS RBRL A ANAYE AN E R R AR -

W9t B R P bt B R Ay A B D B R A NE T S o B R - R N E
e g AV E b - A NE H B2 BLE HT 5T -

AN AR NG REAE T ST 8 R o fR L AE (A B (R OR E R
B EAEREMEHALFELEANCTEEREMEL -

I

ﬂ%ﬁ%i

m B &

YT B
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Appendix. 10 Information Sheet for adult participants (Chinese)

A B &'k
BRES2RHBLEHIANBKERANEE : —HEADH

HBET2NMESXRELEEEE SHUTFEERRERITHI R
s El - MM EEERBERENHENEE -

bt 3¢ 5t 8§ 41

BFot s EeFr2HEN T HESBEZERENRN gL EIEE
MREMBERANTR - A HEAERE EFHEFHFT > 1B
& B B YRR AR 2R 0 e AR o AR T 5 S I SR P B2 AR A A
SRR A R R HLE S Ry 4 A B R R 2 BB RN A
FiE 2 2 & A B AT A B gE A [F B B A e

— i AR > DAUTE BT 2 R RN S I Y BT SR B e R R HR R AR A
ERUI T2 EE - BN EI BN E ARG U5 bt EH
A T RE s BRI S —ED R E M - #lal > BV EEEA
ERWHZA SRS INEEERFEANAE - Hit > &KL EfE N
EE > FOF (RE8E) MERE N Z B LR R A By 2= R
A A R 1S B AR

Bt 5% 05 iR

R FRIHF0Z 12~ 15 2 AR 24 > L&A REVEYH
FUEN R TR EARCRD o BRIEZ AN > AW B EEI0R AR L
BL12~15p 2 L B WY A TR R - 20 & @B H L B R &
EEHFES2MEHSE -

B 2HFR/EERCZRES LEE > GQEEHR - EH
SRS EERBE D - 5 R E B E R R BRI -
TR PR TSR B (2AFC) J7k - — B HEBERH
ghETRNERZL  EEXEBT > 2HEFEHLEET 300 =
MHy £ (fixaiton) » B EHFEZF AN EAVEE (500 £
M) -2tk 2HEEFEREIWMEZSE (F#H KLY 500 27 )
JHEEE 100 20 RAR2HBEFERKEREFToHERENES -
st B (5 A PsychoPy 50 &% K ME Wy [ » R B9 i 1% BRI 1 A1)
SUEFHUNBERIEFER S8EFE Tt ERERHRETFEK -
Rt s — Xl - BHE2HEFZEILKEAE 150 Xl - 28%F
RERM A ER N ESEE T RN R -BEEGH =M
OB YRR B LR > AT (S R E R BCATEY (E 1 - & HEE

¥k
[

j=(i14
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HREROVERFRENHEES R 15 2 20 78 - U 52 H B FHET R AE
HEHEABFRENOCHEHZEE R E N UAE K (Pavliovia) #EAT -
BRI A R T RAEME AR B EEREREVREE
A EREEE S ER -

st BA 4E ] Ja b

BBl tAFEBERRE SBEEBRLIEZINEFEH - KHEWE
EMEASHDEENBREE 2HENRBLERLRAZIEZE -
RAERMBEEFN - ZEFAEBERE AP REEEAH
e RASIEABENOEESN - HRTRAEEHNKREEY -
ZRUE > MmoOR AT SRR A~ EE AT B DNA T E -
ET2EZHEHZARY - BETIAEBEREBLVRN A G EL
HEHEE - -BHEETEBMOFAEGEEH KRS  LHEEXFWR
A B R #Y RS HE 1T 8 A -

14 At 7 40 {77 3% 4 F 9E &5 R

B 52 &5 R ORF DLA R 8 56 G SOy P 3 3% - fF AR 0 B SR A R A IR
GERPHIXEL R ERREER  FBFR CEHRTRKE
P B3 R R AR 3% 3= B 9T 45 SR Ay 3F AT o

W ~THRESEZEREHENRTHNER,F UL E I

%% 5 B 7% A B A A 9 2 B 5 S
5 1+ B 4 -

WETHEHRWROVETAEEMNER TEREEBLETRE A
B HEBN SRR TH S & B (EE: hrec@edunkehk; ik @ HEHEH
RKEWFTRUZFREH L) -

R T S SRR -
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Appendix. 11 List of all possible pairing of stimulus

Match
H1IH2H3&M1H2H3
H1IH2H3&H1IM2H3
H1IH2H3&H1H2M3
MIH2H3&L1H2H3
M1IH2H3&M1M2H3
M1H2H3&M1H2M3
LIH2H3&L1IM2H3
LIH2H3&L1IH2M3
HIM2H3&M1M2H3
HIM2H3&H1L2H3
HIM2H3&H1IM2M3
M1IM2H3&LIM2H3
M1IM2H3&M1L2H3
M1IM2H3&M1IM2M3
LIM2H3&L1L2H3
LIM2H3&L1IM2M3
H1L2H3&M1L2H3
H1L2H3&H1L2M3
M1L2H3&L1L2H3
M1L2H3&M1L2M3
LIL2H3&L1L2M3
H1IH2M3&M1H2M3
H1IH2M3&H1M2M3
HIH2M3&H1H2L3
M1H2M3&L1H2M3
M1H2M3&M1M2M3
M1H2M3&M1H2L3

Number

O© 00 N O o & W DN B

NN NN NNNNRRRRRRRR R
~ 0O OO~ WNREPR OO WM~NO® U M WNEF O

Number
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

Match
LIH2M3&L1IM2M3
LIH2ZM3&L1H2L3
H1IM2M3&M1M2M3
HIM2M3&H1L2M3
HIM2M3&H1IM2L3
M1IM2M3&LIM2M3
M1IM2M3&M1L2M3
M1IM2M3&M1IM2L3
LIM2M3&L1L2M3
LIM2M3&L1IM2L3
H1L2ZM3&M1L2M3
H1L2ZM3&H1L2L3
M1L2M3&L1L2M3
M1L2M3&M1L2L3
LIL2M3&L1L2L3
H1H2L3&M1H2L3
H1IH2L3&H1M2L3
M1H2L3&L1H2L3
M1H2L3&M1M2L3
LIH2L3&L1IM2L3
H1IM2L3&MI1M2L3
HIM2L3&H1L2L3
M1IM2L3&L1IM2L3
M1IM2L3&M1L2L3
LIM2L3&L1L2L3
H1L2L3&M1L2L3
M1L2L3&L1L2L3

Note. H,M & L refers to whether the parameter is at high, medium of low conditions,

whereas 1, 2 & 3 refers to fundamental frequency, pitch range and formant dispersion

correspondingly. For example, M1 means medium level fundamental frequency
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