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Abstract 
Purpose of study: this study aims at investigating how do 
speech rate and voice quality influence speakers’ perceived 
personalities and listeners’ purchase intentions. 

Methods: Phase One aimed at identifying the just 
noticeable difference (JND) in speech rate (SR) and the best 
speech samples representing different levels of voice quality 
severity (VQ) for use as stimuli in the main study in Phase 
Two. Two speakers recorded a selling script at normal speech 
rate with normal, mildly and severely dysphonic voice. The 
speech rate of the recorded stimuli was manipulated by 
adjusting the pause duration. Forty listeners participated in a 
listening task to identify the JND in SR and VQ of the stimuli. 
Phase Two aimed at investigating the effects of SR and VQ on 
the speakers’ perceived personalities and the listeners’ 
purchase intents. Another forty listeners rated the speakers’ 
personalities (attractiveness and competence) and how likely 
they would purchase from the speaker as rated with a 5-point 
Likert Scale. 

Results: The JND in SR was found to be +/- 10% of the 
normal SR. The best stimuli for VQ were also identified. 
Preliminary results showed that SR and VQ influenced 
perceived personalities and purchase intentions.   

Conclusions: These results can be further developed into 
the theoretical framework of a salesforce training protocol on 
use of voice. 
Index Terms: speech rate, voice quality severity level, 
speakers’ perceived personalities, listeners’ purchase 
intentions 

1. Introduction 
The human voice is a tool for conveying messages. Other than 
the message content itself, the characteristics in voice 
contribute to the non-content meaning of particular message to 
be conveyed [1][2]. The non-content meaning in voice was 
found to be an essential component contributing to the 
formation of initial attitude or first impression toward the 
speaker [3], especially when the visual components, such as 
appearance or body gesture were absent as in telephone 
conversations [4]. Besides, human voice has been proven to 
have direct [2] and indirect effect [5] on the listeners’ 
behavioral intents.  

From the literature, the voice of salespeople with high 
selling effectiveness was always rated to be more attractive 
and persuasive than those with low selling effectiveness, even 
though the identical selling script was used [5]. Regarding 
temporal aspects, a speaker with fast speech rate was also 
perceived as more competent, knowledgeable, trustworthy and 

persuasive than those with slower speech rate, which made it a 
significant and favorable voice characteristic to enhance 
salespeople’s selling effectiveness [2]. Speaking in a faster 
rate helped to convey a more competent and attractive image 
of the tele-salespeople, which could further promote the 
purchase intentions of the potential customers [5].  

In this study, we will investigate how speakers’ voice 
affect their perceived personalities and the listeners’ 
subsequent purchase intentions in the Cantonese speaking 
populations.  

2. Research Objectives and Hypothesis 

Research Gaps in Literature 

• In banking services, speech rate is the most important 
phonetic variable and affects the most on the listeners’ 
attitudes towards the salespeople, the message or the 
product [5]. Varying the speech rate does induce 
different levels of attractiveness and impression of 
competence of the salespeople. However, whether the 
effect is linear or not is still undefined. If the 
correlations of “speech rate-perceived personalities” 
relationship and “speech rate-purchase intentions” 
relationship are nonlinear but with an optimal value, that 
means we can further define the optimal speech rate in 
maximizing the positive effect on the speakers’ 
perceived personalities and the listeners’ purchase 
intentions. 

• No comparative studies have been conducted to 
investigate the effects of healthy and disordered voices 
in direct selling. Given that occupational voice disorders 
such as fatigue and dysphonia are frequently observed in 
vocally demanding professions [6], such as direct 
selling, the possible effect of speakers’ overall voice 
quality levels (healthy vs. disordered) on listeners’ 
intentions of purchase warrants attention.  

Central Research Questions 

• R1: How do speech rate and overall voice quality 
severity level influence listeners’ perception on the 
speakers’ personalities? 

• R2: How do speech rate and overall voice quality 
severity level influence listeners’ purchase intentions? 

• R3: What is the interaction effect of speech rate and 
overall voice quality severity level in influencing 
listeners’ purchase intentions? 

9th International Conference on Speech Prosody 2018
13-16 June 2018, Poznań, Poland

468 10.21437/SpeechProsody.2018-95

http://www.isca-speech.org/archive/SpeechProsody_2018/abstracts/114.html


 

 

Pa
ge
2	

Hypothesis 

• Assuming that the same “speech rate-perceived 
personalities” relationship and “speech rate-purchase 
intentions” relationship revealed in the English speaking 
populations can be directly applied to the Cantonese 
speaking populations; and same as English speakers, 
Cantonese speakers with bad overall voice quality 
severity level are perceived to be less capable and less 
attractive, we hypothesize that: 

• [H1]: a Cantonese speaker with a faster speech rate 
helps in (a) establishing positive impressions and (b) 
enhancing the listeners’ purchase intentions; and 

• [H2]: a Cantonese speaker with good overall voice 
quality severity level helps in (a) establishing positive 
impressions and (b) enhancing the listeners’ purchase 
intentions. 

• [H3]: overall voice quality severity level is more 
significant than speech rate in predicting listeners’ 
purchase intentions, when both variables interact with 
each other. 

• The overall hypothetical framework of this proposal is: 
 

 

         Direct impact                Indirect impact  
 

3. Study One 

Introduction 

Before investigating the effect of speech rate and overall 
disordered voice quality severity levels on listeners’ 
perceptions and behavioral intents in Cantonese-speaking 
populations, we had to find out how sensitive the naive 
listeners were to changes in speech rate, and whether different 
listeners have similar internal criteria on the definitions of 
disordered voice quality severity levels. Therefore, in study 
one, we conducted a sensitivity test in speech rate variation 
and a subjective perceptual test on voice quality severity levels 
with naive listeners as pilot study.  

Study one aimed at defining the just noticeable difference 
(JND) in speech rate variation as perceived by naive listeners, 
and identifying the speech samples that best represented three 
overall voice quality severity levels (normal, mildly dysphonic 
and severely dysphonic). 

Methodology 

3.2.1.  Speakers 
Two speech therapists (one male and one female, aged 
between 30 to 40 years old) were invited to be the speakers for 
recording the stimuli at normal speech rate. Both of them are 
native speakers of Cantonese, and have over seven years of 
clinical experience in voice therapy. None of them have 
reported history of speech disorders or hearing impairment. 

3.2.2.  Preparation of stimuli 
A segment selected from a standard selling script on health 
related insurance policy obtained from the training manual of 
an international insurance company (Hong Kong branch) was 
used as the script for the stimuli. The speakers were requested 
to read out the standard script in 10 seconds (i.e. at speech rate 
of 264w/m). They were instructed to keep other voice 
characteristics such as intonation, loudness, loudness variation 
and overall voice quality level as natural as possible.  

Praat was used to synthesize stimuli for the speech rate 
stimuli set. Only the inter-word and inter-sentence pause 
duration were edited, without changing any syllable duration. 
By shortening or lengthening the pause durations of the two 
original stimuli manually ( ±0.5s per level), 4 levels of time 
compressed stimuli (duration = 9.5s, 9s, 8.5s & 8s), and 4 
levels of time extended stimuli (duration = 10.5s, 11s, 11.5s & 
12s) were synthesized. There were altogether 18 stimuli (9 per 
gender set) for the speech rate stimuli set.  

For the voice quality stimuli set, the two speakers read out 
the same standard script with two different overall voice 
quality severity levels: mildly dysphonic and severely 
dysphonic voice. The speakers were again instructed to keep 
all other speech characteristics as natural as possible. The 
recorded stimuli were then synthesized with Praat script 
written by [7] for cloning speech rate with the two original 
stimuli from the speech rate stimuli set and re-synthesized 
through PSOLA for cloning F0 with the two original stimuli. 
Together with the two original stimuli, there were altogether 
14 stimuli (7 per gender set) for the voice quality stimuli set. 
3.2.3.  Listeners 
Forty participants (20 males and 20 females), aged between 18 
to 45 years old, were recruited to rate the speech rate stimuli 
set and voice quality stimuli set. They are either current 
university students or degree holders in order to minimize the 
factor of education level to confound the results. All of them 
have passed a pure tone audiometry test at 250, 500, 1000, 
2000 & 4000 Hz at 20dB level unilaterally. None of them had 
previous training on perceptual voice analysis. 
3.2.4.  Rating procedures 
The 40 listeners listened to the stimuli individually in a sound-
proof booth with the same model of headphones (Andrea 
model no.: NC-185VM USB). The stimuli were presented in 
form of google forms. There were two stimuli sets (speech rate 
set & voice quality set) presented separately in two test blocks. 
 For the speech rate test block, stimuli from the same 
gender were presented to the listeners in pairs (S1S2). Each 
pair was presented in the following sequence: S1 was first 
presented followed by a 0.1 second pure-tone sound and 0.5 
second of pause before presenting S2. After listening to each 
pair once, the listeners judged whether the speech rate of S1 
and S2 were the same or different. All responses were stored 
in google forms data sheet. In pairing up the stimuli, original 
stimulus with duration of 10s was used as the reference 
stimulus (S1) and it was paired up with each of the other 
levels of stimuli (D=8s, 8.5s, 9s, 9.5s, 10.5s, 10s, 11s, 11.5s & 
12s) (S2). 33 pairs per gender set were presented. The 
difference in speech rate or duration in a pair ranged from 0.5 
seconds (5%) to 2 seconds (20%).  
 Before rating the voice quality stimuli set, the listeners 
were given the definition of “mildly dysphonic” and “severity 
dysphonic” from The Consensus Auditory-Perceptual 
Evaluation of Voice (CAPE-V) as reference [8]. All 28 stimuli 
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(14 per gender set) in the voice quality set were presented one 
by one in a randomized order. After listening to each stimulus 
for once, the listeners rated its overall voice quality severity 
level as “clear”, “mildly dysphonic” or “severely dysphonic” 
accordingly. All responses were also stored in google forms 
data sheet. 

Results 

3.1.1. JND in speech rate 

In order to obtain the proportion of correct responses p(c) in a 
“same” / “different” design with uneven “same” and 
“different” populations, we adapted the following formula as 
suggested by [9]. 
 
p(c) = (number of hit + number of correct rejection) / total 
trials 

 
The observed proportions of correct responses (P) vary 

from sample to sample for binominal distribution, given the 
standard assumption of independent trials [9][10]. With the 
expected value of P equal to the true value (p), the variance of 
P is calculated as follow. 

 
Variance of P = p(1-p)/N  
(N is the total number of trials) 
 
In order to identify the severity of response bias of the 40 

listeners in participating in this “same” / “different” design 
test, we calculated the response-bias index (c) with the 
formula suggested by [9]. 

 
c = -[z(H)+z(F)]/2 
 
With the presence of response bias, we had to define the 

JND in speech rate variation by means of unbiased sensitivity 
measures, d’ values that taken into account both the 
percentages of hits and false alarms [11][12].  

 
d’ = z(H) – z(F) 
(H & F are the hit rate & false alarm rate respectively) 
 
When d’ was equal to 1, the JND in speech rate variation 

would be found [12]. From our data, d’ was found to be 1.03 
when the speech rate variation of the stimulus was +/- 10% of 
the original speech rate (i.e. 264w/m). The JND in speech rate 
was then defined.  

The intra-rater reliability of the listeners in discriminating 
speech rate was first measured as the mean percentages of 
agreement within rater in rating the same pair of stimuli but in 
reversed order (e.g. S1S2 & S2S1). In this study, the mean 
percentage of agreement within rater was 63.27% (median: 
60%; min. to max.: 32% to 85%; S.E.: 4.36%; S.D.: 14.46%). 
The average percentages of agreement within rater in rating 
the pairs with identical stimuli (S1S1) and stimuli with 
greatest duration difference (2s) were 73%. 

The inter-rater reliability of the listeners in identifying 
differences in speech rate was evaluated with intraclass 

correlation coefficients (ICC). The average ICC among the 40 
listeners were 87.9% (min CI: 0.830; max CI: 0.918) with 
95% confidence interval. 

3.1.2. Speech samples representing three overall disordered 
voice quality severity levels 

The speech sample that was identified by at least 80% of the 
listeners to represent a specific overall disordered voice 
quality severity level was chosen as the best sample 
representing “clear”, “mildly dysphonic” or “severely 
dysphonic” (i.e. reaching 80% of agreement). 

The intra-rater reliability of the listeners in identifying the 
overall voice quality severity levels was measured as the mean 
percentages of agreement within rater in rating the repeated 
stimuli. Results showed that the mean percentage of 
agreement within rater was 81.48% (min. to max.: 64% to 
100%; S.E.: 2.20%; S.D.: 11.42%). 

The inter-rater reliability of the listeners in identifying the 
overall voice quality severity levels was evaluated with ICC. 
The average ICC among the 40 listeners were 99.7% (min CI: 
0.994; max CI: 0.999) with 95% confidence interval. 

4. Study Two 

Introduction 

The goals of this phase were to investigate how the listeners 
find about the salespeople’s personalities and how likely they 
will purchase from the particular salesperson after listening to 
their verbal presentation. Based on the known JND in speech 
rate and the best speech samples identified to represent the 
three overall voice quality severity levels as perceived by 
naive listeners, we further investigated the effects of speakers’ 
speech rate and overall voice quality level (independent 
variables) on listeners’ perceptions on speakers’ personalities 
and their subsequent purchase intents (dependent variables) in 
Cantonese speaking populations.  

Methodology 

4.2.1.  Preparation of stimuli 
In study 1, the JND in speech rate with normal voice was 
found to be 1s. In order to ensure that the listeners were able 
to detect the speech rate difference among the stimuli used in 
study 2, the speech rate of the stimuli was adjusted in steps of 
the JND from the original stimuli (i.e. 264w/m; 10s). For 
example, those stimuli with synthesized duration of 8s, 9s, 
10s, 11s and 12s were included in the speech rate stimuli set in 
study 2.  

In study 2, there were three sets of stimuli. The first set 
was the speech rate (SR) set formed by stimuli with normal 
voice quality but different levels of speech rate. There were 10 
different stimuli in total (5 per gender set). 

The second set was the voice quality (VQ) set formed by 
stimuli with duration of 10 seconds (speech rate=264w/m) but 
different levels of voice quality severity level. There were 
altogether 6 different stimuli (3 per gender set). 

The third set was the mixed set of stimuli with speech rate 
and overall voice quality severity levels both adjusted. There 
were 18 stimuli in total (9 per gender set).  

All stimuli in each set were rated twice to test for intra-
rater reliability.  
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4.2.2.  Listeners 
A new group of 40 listeners (20 males and 20 females) were 
recruited. Inclusion and exclusion subject criteria were the 
same as in Study One. 
4.2.3.  Rating procedures 
The listeners listened to the stimuli individually in a sound-
proof booth with the same model of headphones (Andrea 
model no.: NC-185VM USB). They listened to the three sets 
of stimuli in same order. All stimuli in the same set were 
presented one by one in a randomized order through google 
forms. After listening to each stimulus for once, the listeners 
were invited to answer 4 questions (2 each for perceived 
personalities and purchase intentions). The first two questions 
were designed to investigate the perceived personalities of the 
speakers in terms of “attractiveness” (A) and “competence” 
(C), representing the perceived interpersonal characteristics 
and perceived skills-based characteristics of the speakers 
respectively [5][13]. The 3rd and 4th questions were designed 
to measure the listeners’ purchase intentions. By modifying 
the questionnaire design used in [2], the following two 
questions were asked: “How likely would you be to let this 
salesperson continue his/her presentation?” and “How likely 
would you be to purchase something from this salesperson?”. 
The listeners were asked to rate each question on a 5-point 
Likert Scale from “Strongly Disagree” to “Strongly Agree”, or 
from “Very Unlikely” to “Very Likely”. 

Results 

Preliminary data obtained from 10 listeners were analysed. 
The correlations of the four relationships (“speech rate-
perceived personalities”, “speech rate-purchase intentions”, 
“voice quality-perceived personalities” & “voice quality-
purchase intention”) were analysed with four separate 
Spearman’s correlation tests.  

 
Figure 1: Correlations of “SR-perceived personalities” & 

“SR-purchase intention” relationships. 

 
Figure 2: Correlations of “VQ-perceived personalities” & 
“VQ-purchase intention” relationships. 

5. Discussion 

From the preliminary results obtained from study two, both 
slow speech rate and bad voice quality led to the perception of 
relatively unfavorable personalities and suppress the listeners’ 
purchase intentions. Besides, the level of voice quality 
severity of the speakers was found to be dominant in 
determining listeners’ purchase intentions, especially its 
negative impact because increase in overall disordered voice 
quality severity levels were found to be strongly correlated to 
the reduced in both speakers’ perceived attractiveness and 
listeners’ purchase intentions.  

Upon full data collection completion, further data analysis 
will be conducted to investigate how vocal qualities (and 
perceived personalities) contribute to the likelihoods of letting 
the salesperson continue his/her presentation and of going to 
purchase something from the salesperson. Ordinal regression 
with four independent variables (speakers’ speech rate, overall 
voice quality levels, perceived attractiveness and perceived 
competence) will be used to predict for listeners’ purchase 
intentions. Ordinal regression helps to determine which of the 
independent variable has a statistically significant effect (if 
any) on the dependent variable. It is used to predict an ordinal 
dependent variable (e.g. 5-point Likert Scale) given one or 
more independent variables, or interactions between 
independent variables.  

It is expected that further results will be available when 
the data collection of study two completes by the end of 
March, 2018.  

6. Conclusions 
The current study suggests that both the speech rate and voice 
quality may affect an individuals’ purchase intentions. 
Trainers in the industry of direct selling can consider 
providing effective voice enhancement training program to 
their salesforce in order to promote the business outcome. 
Most importantly, this study has also shed light on the 
theoretical models concerning the relationships among voice 
characteristics, perceived personalities and purchase 
intentions.  
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