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Abstract
Speech can affect the behavior of the listener. Our previous
study showed that the stimulus-organism-response theory using
emotional states can explain a person’s willingness to buy from
advertising speech. In addition, there have been reports of the
influence of voice quality in speech, which differs from other
advertising stimuli, but few studies have been done on willing-
ness to buy. In this study, we conducted an experiment to deter-
mine whether voice quality affects the willingness to buy from
advertising speech. Participants listened to advertising speech
and rated their willingness to buy the products advertised and
their own emotions and voice quality. We found that a model
constructed using voice quality as a mediator can better explain
the willingness to buy from advertising speech. These results
could help train salespeople in advertising speech.
Index Terms: the willingness to buy, advertising speech, voice
quality

1. Introduction
Speech can influence human behavior [1, 2, 3, 4]. However,
the relationship between speech and human behavior is nonlin-
ear. Therefore, a hierarchical model has been proposed to ac-
count for this. The stimulus-organism-response (SOR) theory
is a known representative model of this process [5].

Using this model, the effect of advertising speech on con-
sumers’ willingness to buy is investigated. We have shown
through a mediation analysis that the emotion-mediated SOR
model is effective in determining willingness to buy from ad-
vertising speech [6]. Poon et al. investigated the influence of
the differences in pause length of male and female speech on
the willingness to buy through a perceived personality state [7].
This indicates that consumers’ internal states, which are gener-
ated by advertising speech, influence their willingness to buy.

However, it is known that both emotion and voice qual-
ity are generated from speech [8]. Voice quality refers to the
speech quality of the speaker as perceived by the listener [9].
Elbarougy et al. showed that both the highest F0 and the F0
contour could influence the perception of voice calm [10] (S–
O). Kobayashi et al. suggested that the perceived tenseness of
speech announcements during disasters can encourage evacua-
tion behavior [3] (O–R).

However, few studies have examined whether the voice
quality-mediated SOR model can explain the effect of adver-
tising speech on willingness to buy. Wiener et al. investigated
the influence of three voice qualities (creaky, tense, and whis-
per) on the willingness to buy and concluded that a creaky voice
was the most effective [11] (O–R), but they did not conduct a
validation based on the SOR model. Since voice quality is more
intuitively understandable to humans than emotion [8], clarifi-
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Figure 1: Emotion-mediated SOR model (SOeR) used in [6]
(top). The hypothesized SOR model mediated by voice quality
(SOqR) in this study (bottom).

cation of this issue could be useful for training salespeople on
advertising speech.

In this study, we verified the influence of voice quality on
the willingness to buy on the basis of the SOR model. We gen-
erated synthesized speech of multiple speakers talking about
various types of products. We conducted a large-scale online
survey experiment to evaluate the voice quality, emotions, and
willingness to buy from advertising speech. Using the evalu-
ation values of emotions, we confirmed whether the same re-
sults as previous studies [6] could be obtained using synthesized
speech. We examined the influence of voice quality on the will-
ingness to buy using multiple regression analysis, path analysis,
and mediation analysis on the basis of the SOR model.

2. SOR model and hypothesized models
2.1. SOR model

The SOR theory consists of the three dimensions of stimulus,
organism, and response [5]. Stimulus refers to all external en-
vironmental factors in a store such as brand image [12], de-
sign [13, 14], crowding [15], atmosphere [16], color, scent, and
music [17]. These stimulate the organism, such as quality [14],
perceived satisfaction [17], and emotions [18]. Organisms make
us do approach or avoidance behavior. An approach behavior
refers to a positive attitude toward the environment, such as
staying in the store. In contrast, avoidance behavior refers to
a negative attitude toward the environment, such as leaving the
store. In consumer behavior research, approach or avoidance
behaviors are confirmed by indicators such as longer staying
times [13] and increased purchases [19].

We have previously shown that the emotion-mediated SOR
model (SOeR) can explain the willingness to buy from adver-
tising speech [6] (Figure 1). Emotion consists of three states:
pleasure, arousal, and dominance [20]. Pleasure refers to the
degree of feeling joy, satisfaction, and happiness. Arousal refers
to the degree of excitement, passion, and activity. Dominance
refers to the degree of feeling that an individual has influence
and control over a situation.
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2.2. Voice qualities and hypothesized models

This study aimed to verify the influence of voice quality on
the willingness to buy on the basis of the SOR model (SOqR).
As mentioned in the previous section, the relationship between
speech stimuli and voice quality has already been revealed (S-
Oq) [10]. However, it is unclear whether voice quality affects
the willingness to buy (Oq-R). We selected seven adjective pairs
that represent voice quality commonly used in previous stud-
ies [8, 21] (Table 1). Thus, the paper attempts to verify the
hypothesized model (Figure 1) and the following hypotheses:

H1:Voice quality affects the willingness to buy (Oq-R).
H2:Voice quality mediates the influence of advertising

speech on the willingness to buy (S-Oq-R).

3. Experimental conditions
3.1. Speech stimuli

To analyze the relationship between voice quality and willing-
ness to buy, it is desirable to use speech with the same silent
pause location uttered by many speakers with various speaker
characteristics [7]. However, there is no guarantee that the
recordings of dozens of speakers will cover such variety. In
addition, it would be unrealistic to record speech with the same
silent pause location by several hundreds of speakers. To over-
come this problem, we have generated speech stimuli using
text-to-speech (TTS) synthesis. The quality of TTS has become
so high that it is almost indistinguishable from human speech.
For the TTS, we adopted FastSpeech2 [22] conditioned by a
one-hot speaker ID. The FastSpeech2 consists of 4 and 6 feed-
forward Transformer (FFT) blocks in the encoder and the mel-
spectrogram decoder, respectively. The frame shift was 10 [ms].
One-hot speaker ID was converted into 256 dimensional embed-
ding vectors via 1 full-connected layer, and fed to the variance
adapter. Other parameters were followed by the original pa-
per. The training data was 135,202 utterances by 978 Japanese
speakers. At the inference time, a logarithmic mel-spectrogram
was generated from input text and a one-hot speaker ID corre-
sponding to the target speaker. Synthetic speech was obtained
from the logarithmic mel-spectrogram by using a neural wave-
form generation method, HiFi-GAN [23].

To achieve variation in the speaker features, average log F0,
standard deviation of log F0 (SD F0), and speech rate [6] were
extracted for each of 978 Japanese speakers registered in the
TTS system. These features were used to cluster the speakers
using the k-means++ algorithm [24], and the speaker closest to
the centroid of each cluster was selected. The aforementioned
three speech features were then extracted from the speech of
multiple sentences synthesized for the selected speakers, and
the sentences with the maximum within-class variance relative
to the between-class variance were selected. Considering the
experimental time and subject burden, 13 male (age range 22 to
73 years) and 13 female speakers (age range 18 to 70 years) and
13 advertising sentences (e.g., electrical appliances, insurance,
food) were finally selected for the experiments (338 stimuli) 1.
The locations and durations of pauses within the same sentence
were consistent across speakers. The sampling frequency of the
synthesized speech was 22.05 [kHz]. To calculate speech rate,
the duration of each phoneme was obtained by forced alignment
using a DNN-HMM acoustic model. We visually checked that
there were no fatal alignment errors. The average intensity level

1Samples of synthetic speech and advertising sentences are available
at here: https://ntt-hilab-gensp.github.io/is2023-SOR-VQ/

Table 1: Voice qualities used in this study.

(a) High pitched–Low pitched (e)Youthful–Elderly
(b) Hoarse–Clear (f) Bright–Dark
(c) Unstable–Calm (g) Cold–Warm
(d) Powerful–Weak

Table 2: The mean and SD of the speech features of the stimuli.

male speech female speech
mean SD mean SD

Speech rate [mora/s] 8.42 0.71 7.92 0.76
mean F0 [Hz] 141.05 21.74 232.04 24.50
SD F0 [Hz] 25.65 5.46 37.75 6.67
CPP 19.05 1.16 20.91 1.49
F4 [Hz] 3621.49 152.97 4209.69 125.77
SHR 0.25 0.08 0.11 0.078

of all stimuli was 62 [dB].
The speech features of the speech stimuli were calculated

for use in the analysis. Using the method proposed by Arifianto
et al. [25], we calculated the mean F0 and SD F0. The speech
rate was calculated using phoneme segmentation information.
As Kuang et al. [26] suggested, there is a possibility that other
features beyond mean F0, SD F0, and speech rate may also af-
fect the perception of voice quality. We investigated all of the
speech features extractable using VoiceSauce (v1.37) [27]. Fi-
nally, the following parameters were selected in addition to av-
erage F0, SD F0, and speech rate: subharmonic-to-harmonic ra-
tio (SHR), the fourth formant frequency (F4), and cepstral peak
prominence (CPP) (Table 2). Since there were significant dif-
ferences between male and female speech in all speech features,
the speech feature and evaluation value obtained by subtracting
the average values of each were used.

3.2. Experimental procedure

The experiment was conducted through an online survey us-
ing a web browser. The participants were 448 Japanese per-
sons (237 men and 211 women). They were divided into two
groups, following the approach of our previous study [6]. 222
persons listened only to male speech (mean age=46.13 years,
SD=14.86). 226 persons listened only to female speech (mean
age=46.07 years, SD=14.70). The participants adjusted the vol-
ume of their device so that they could listen to the speech eas-
ily using the sample speech before the experiment. The par-
ticipants were not permitted to change the volume during the
experiment [28]. The experimental procedure consisted of the
following four steps:

(i) Listened to the speech.
(ii) Rated the voice quality of the speech.
(iii) Rated their own perceived emotion.
(iv) Rated the degree of their willingness to buy the adver-

tised product.
Due to the large number of rated items, it is difficult to re-

member the speech and evaluate all items once listening. How-
ever, listening to the speech again for each item also lengthens
the duration of the experiment and increases the burden on the
participant. Therefore, in the experiment, items (ii), (iii), and
(iv) were divided into two groups, and participants listened to
the speech before each group. For example, the participants
started with (i), followed by (ii) and (iv). Then, they listened
to the speech again, followed by (iii). These were counterbal-
anced. The participants listened to 26 stimuli (13 speakers ×
2 sentences) across the experiment.
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Table 3: Goodness-of-fit indices for path analysis. GFI, AGFI,
CFI, RMSEA, and SRMR respectively indicate goodness-of-fit
Index, adjusted GFI, comparative fit index, root mean square er-
ror of approximation, and standardized root mean square resid-
ual.

Fit indices Accepted value SOeR SOqR
CFI ≧ 0.9 0.914 0.939
GFI ≧ 0.9 0.976 0.982

AGFI ≧ 0.9 0.914 0.893
RMSEA ≦ 0.1 0.102 0.103
SRMR ≦ 0.1 0.050 0.039

Table 4: Result of mediation analysis for SOeR. Est. and S.E.
indicate estimates and standardized error, respectively.

Mediator Est. S.E. 95 %CI
Lower Upper

Pleasure 2.90 0.26 2.38 3.43
Arousal 0.89 0.10 0.68 1.08
Dominance -0.07 0.02 -0.05 0.04

The voice quality was rated on a 7-point Likert scale in
each of the Japanese expressions associated with voice qualities
(Table 1). The participant’s emotion was rated in each of the
three dimensions on a 7-point Likert scale: [pleasure (pleasant-
unpleasant), arousal (calm-excited), and dominance (dominant-
submissive)] [6]. Participants were given instructions to make it
easier to understand the emotional dimensions (e.g., “Pleasure
refers to how good or bad you feel.”). The willingness to buy
was rated on a 7-point Likert scale (1: not at all willing to buy–
7: very willing to buy). Participants were instructed not to think
about whether or not to buy the item, as we want them to eval-
uate their “motivation,” and were asked to answer on the basis
of how they felt about the narrator’s way of speaking instead
of the manufacturer or brand. The methods and instructions for
the participant’s emotion and willingness to buy were designed
to be similar to those in our previous study [6]. The experiment
lasted about 40 minutes. This experiment was carried out with
the approval of the ethic examination of Research Institute of
Human Engineering for Quality Life.

3.3. Analysis methods

The influence of voice quality on the willingness to buy on the
basis of the SOR model needs to be verified by mediation anal-
ysis after confirming that the preconditions are met by multiple
regression and path analysis [6]. Path analysis is a method that
verifies hypothesized models by analyzing direct and indirect
relationships between variables [29]. The goodness of fit of the
model to the experimental data is assessed using fit indices.

Mediation analysis was conducted to examine the impor-
tance of considering organism in the willingness to buy from
speech features. Mediation analysis assumes the mediator (M )
that has a potential influence between the independent variable
(X) and the dependent variable (Y ) when X affects Y [30]. This
analysis is to verify how the mediator M contributes. The con-
cept of mediation analysis is generally represented using the
following equations:

Y = i1 + aX + e1

M = i2 + bX + e2

Y = i3 + a′X + cM + e3

The a coefficient represents the effect of the independent vari-

Table 5: Correlation between voice quality and the willingness
to buy.

Voice quality Willingness to buy
(a) High pitched–Low pitched -0.23∗∗

(b) Hoarse–Clear 0.41∗∗

(c) Unstable–Calm -0.09∗∗

(d) Powerful–Weak -0.25∗∗

(e)Youthful–Elderly -0.24∗∗

(f) Bright–Dark -0.39∗∗

(g) Cold–Warm 0.43∗∗
∗∗p < .01

ables (X) on dependent variables (Y ), is defined as the total
effect. The b coefficient represents the effect of the independent
variables (X) on the mediator (M ). The a′ coefficient repre-
sents the effect of the independent variables (X) when adjusted
for the mediator (M ), is defined as the direct effect. The i1, i2,
and i3 represent intercepts, and the e1, e2, and e3 represent the
residual error. The mediating effect is defined as a− a′ or b ∗ c.
The speech features were entered as the independent variables,
the emotions or voice quality as the mediating variables, and
the willingness to buy as the dependent variable. Only paths
that were significant in the path analysis were used in the anal-
ysis. The statistical significance of the mediating effects was
concluded with 1,000 bootstrap samples. The mediating effect
is considered significant if zero is not included in the 95 % con-
fidence interval calculated from the bootstrap samples.

4. Results
4.1. Validation of experimental data using an emotion-
mediated SOR model

In this study, unlike the previous study [6], we used the synthe-
sized speech of multiple speakers. Before analyzing the influ-
ence of voice quality, we confirmed whether the SOR model,
which uses emotion as a mediator, is effective as in the previ-
ous study. To maintain consistency with the following analysis
of voice quality, we included not only mean F0, SD F0, and
speech rate but also CPP, F4, and SHR in the speech features.
The evaluation value for the emotion and the willingness to buy
collected in the subjective evaluation was used.

First, multiple regression analysis has shown that these
speech features influence the willingness to buy (mean F0
(β=0.24, p<.05), SD F0 (β=4.73, p<.01), speech rate (β=0.19,
p<.01), SHR(β=-0.54, p<.01), F4 (β=0.00048, p<.01) and CPP
(β=0.09, p<.01)). Second, path analysis has shown that the
goodness-of-fit indices are high enough (Table 3), and all paths
were significant except for F0 and SHR on dominance. For want
of space, the path coefficients were omitted. Table 4 showed the
results of the mediation analysis. The mediating effects of plea-
sure and arousal were significant, but the mediating effect of
dominance was not significant. The ratio of the mediating ef-
fect to the total effect [31] was about 79.5 %. This confirms that
the SOR model mediated by emotions is effective, even when
using synthesized speech stimuli of multiple speakers, as in our
experiment, which is consistent with previous studies [6].

4.2. Verification of H1

Multiple regression analysis of the effect of voice quality
on willingness to buy was conducted to test hypothesis H1.
(e) Youthful–Elderly was found to not significantly affect the
willingness to buy, so it was excluded from all analyses (β =
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Table 6: Standardized path coefficients for SOqR.

Mediator S → Oq Oq → R
Mean F0 SD F0 Speech rate SHR F4 CPP Willingness to buy

(a) High pitched–Low pitched -0.263∗∗ -0.114∗∗ -0.056∗∗ 0.013 -0.068∗∗ -0.117∗∗ -0.013
(b) Hoarse–Clear 0.011 0.153∗∗ 0.105∗∗ -0.122∗∗ 0.069∗∗ 0.182∗∗ 0.232∗∗

(c) Unstable–Calm 0.122∗∗ 0.076∗∗ -0.045∗∗ 0.041∗∗ -0.039∗∗ -0.003 -0.028∗∗

(d) Powerful–Weak 0.07∗∗ -0.125∗∗ -0.120∗∗ -0.061∗∗ -0.037∗∗ -0.087∗∗ -0.106∗∗

(f) Bright–Dark -0.154∗∗ -0.159∗∗ -0.137∗∗ -0.001 -0.109∗∗ -0.127∗∗ -0.186∗∗

(g) Cold–Warm 0.068∗∗ 0.050∗∗ 0.087∗∗ -0.054∗∗ 0.072∗∗ 0.060∗∗ 0.263∗∗
∗∗p < .01

Table 7: Result of mediation analysis for SOqR. Est. and S.E.
indicate estimates and standardized error, respectively.

Mediator Est. S.E. 95 %CI
Lower Upper

(b) Hoarse–Clear 0.86 0.10 0.68 1.05
(c) Unstable–Calm 0.04 0.02 0.02 0.06
(d) Powerful–Weak 0.63 0.07 0.49 0.77
(f) Bright-Dark 1.20 0.12 0.98 1.44
(g) Cold–Warm 2.35 0.25 1.86 2.85

−0.01, p = 0.36). The remaining six voice qualities signif-
icantly affected the willingness to buy ((a) (β=-0.02, p<.05),
(b) (β=0.21,p<.01), (c) (β=-0.04,p<.01), (d) (β=-0.13, p<.01),
(f) (β=-0.17, p<.01) and (g) (β=0.33, p<.01)). The correla-
tions between these voice qualities and the willingness to buy
are shown in Table 5. The most influential voice quality on the
willingness to buy was (g) Cold–Warm. (b) Hoarse–Clear and
(f) Bright–Dark also had an influence. Thus, H1 was supported.

4.3. Verification of H2

The influence of speech features on the willingness to buy has
been confirmed in Section 4.1. We conducted verification of the
influence of voice quality on the willingness to buy using path
and mediation analyses. The fit indices and path coefficients
are shown in Tables 3 and 6, respectively. Consistent with the
previous section, the influence of voice quality on the willing-
ness to buy was the highest for (g) Cold–Warm, followed by
(b) Hoarse–Clear and (f) Bright–Dark. The speech features that
most influenced these voice qualities were the speech rate, CPP,
and SD F0, respectively. The fit index suggested that the SOqR
model fit the experimental data as well as the SOeR model.

Table 7 showed the results of the mediation analysis.
(a) High pitched–Low pitched was excluded because it had no
significant effect on the willingness to buy in the path analy-
sis. The mediating effects of all voice qualities were significant.
The ratio of the mediating effect to the total effect was about
90.2 %, which is larger than that of emotion. Thus, H2 was
supported.

5. Discussion
This study verified the influence of voice quality on the willing-
ness to buy on the basis of the SOR model. We generated syn-
thesized speech for the advertising speech of multiple speakers
for various products. A large-scale experiment was conducted
using an online survey to evaluate the voice quality, emotions,
and willingness to buy. Before analyzing the influence of voice
quality, we verified whether the SOR model was effective, as
in previous studies, using the evaluation scores of emotions.
We confirmed that there were no issues with using synthesized
speech for this study. We verified the impact of voice quality
on the willingness to buy using multiple regression, path, and

mediation analyses on the basis of the SOR model.

The results of the multiple regression analysis showed that
(e) Youthful–Elderly did not affect the willingness to buy.
While we have previously shown that the age of the listener
moderates the mediating effect of emotion [6], this result sug-
gests that the age of the speaker has no effect on willingness
to buy, but further investigation is needed in the future with a
moderated mediation analysis. The results of the path analysis
indicated that (g) Cold–Warm, (f) Bright–Dark, and (b) Hoarse–
Clear had an impact on the willingness to buy. A number of
previous studies based on the SOR model verified the satisfac-
tion of shopping experience or service quality as organism, in
addition to emotion [14, 17]. These relate to judgments about
the external existence such as a store’s atmosphere. It is likely
that the brightness and warmth of the advertising speech in this
study function similarly to these. In other words, these voice
qualities may function as judgments of the quality or desirabil-
ity of a clerk. The results for (b) Hoarse–Clear in this study were
consistent with Zoghaib et al.’s findings that smooth voices are
effective in persuasion [4]. The influence of (a) High pitched–
Low pitched on the willingness to buy was not significant. This
may be due to the fact that the participants in this experiment
evaluated speech for the same gender. We also tested the effects
of other speech features that can be extracted from VoiceSauce
on voice quality, but these effects were low, resulting in a high
effect of SD F0 and speech rate.

The results of the mediation analysis indicated that voice
quality can explain the effect of the advertising speech on the
willingness to buy to a similar or better extent as emotion. In
real advertising situations, it may be easier to judge a speaker’s
voice quality than listeners’ perceived emotions. The findings
obtained in this study are considered useful for training sales-
people to speak in a way that increases the willingness to buy.

6. Conclusion

This study aimed to verify the influence of voice quality on the
willingness to buy on the basis of the SOR model. We generated
synthesized speech for advertising speech of multiple speakers
for various products. A large-scale experiment was conducted
using an online survey to evaluate the voice quality, emotions,
and willingness to buy. The multiple regression and path anal-
ysis results showed that the warmth, brightness, and clarity of
voice particularly influenced the willingness to buy. The youth-
fulness of voice had no significant influence. The mediation
analysis suggested that voice quality can explain the effect of
advertising speech on willingness to buy to a similar or better
extent than the emotion-mediated SOR model. In real advertis-
ing situations, it may be easier to judge a speaker’s voice quality
than listeners’ perceived emotions. The findings obtained in this
study could help train salespeople in advertising speech.
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