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ABSTRACT

To regulate stress, social sharing is a preferred method. However, people are not
always able to find the right person to share their stress experience. In this study, we
investigated the support from conversational agent (CA) for the users who encounter
with daily stress to help them get socio-emotional benefits and therefore improve the
user satisfaction. We developed a 2 (CA gender) x 3 (type of support) between-subject
experiment via the Wizard-of-Oz method. The results showed that CA should have
stress support function, even stressor detection and support function, and should be
designed preferentially as female voice. The influence mechanism showed that the
independent variables (CA gender and support type) influenced satisfaction through
the mediator variable: social presence and favourability. This study provides guidance
for the design of CA for stress support, and the findings provide a reference basis for
the design of speech interaction between CA and users.
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INTRODUCTION

Daily stress is a universally experienced phenomenon in our modern lives
(Piazza et al., 2013). Daily stress is the strain caused by challenges of day-
to-day living (Piazza et al., 2013). Studies have shown that cumulative stress
in daily life can result in cardiovascular disease (Schubert et al., 2009) and
psychological or behavioral disorders, such as depression and anxiety (Cohen
et al., 1997).

To regulate stress, social sharing is often used as a method. By talking to
others, sharers can gain support that help them cope with their stress events
(Rimé, 2009). However, people are not always comfortable sharing their
stress events with others, such as the stigmatised issues (Major & O’Brien,
2005). In addition, people are not always able to find the right person to
talk to. Their friends may be tired of hearing about the same issues (Forest
et al., 2014). Besides, professional help may be too expensive and require
long waits (Hunt & Eisenberg, 2010).
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With the development of conversational agent (CA), the CA should pro-
vide support for the users who encounter with daily stress to help them get
socio-emotional benefits and therefore improve the user satisfaction (Pauw
et al., 2022). Researches have focused on how CA provide support for users
who were under negative emotion (Bendig et al., 2022; Pauw et al., 2022).
Similarly, CA should provide supportive responses to users facing daily stress
for timely stress relief.

Compared with traditional CA without stress detection and support func-
tion, it should be examined whether CA with stress detection and support
function can help to enhance users’ interaction experience under daily stress.
In addition, the response content of CA with support function should be
further investigated. Based on the general supportive responses, whether
targeted responses with stressors have a positive impact on enhancing user
experience. Therefore, this study focused on three support types of CA: with-
out stress support function, with stress detection and support function, with
stressor detection and stressor-based targeted support function.

At the same time, the gender of CA should be considered as a factor which
influence the user satisfaction of daily stress support. Relevant studies have
shown that CA gender had an impact on user likeability and satisfaction
(Seaborn et al., 2022). Some studies have shown that robots with feminine
voices (Chang et al., 2018) were the most liked and favoured. However, there
were findings that male synthesised voices were more popular and persuasive
than female synthesised voices (Mullennix et al., 2003). Besides, some studies
suggested that voices the same with the gender of the user were more favoured
(Seaborn et al., 2022). However, the voice gender preference of users during
speech interaction with CA under daily stress was still not clear.

In summary, this study investigated the effects of CA gender and support
type on user satisfaction. Based on the findings, this study will optimise
the interaction capabilities of CA, thereby enhancing user satisfaction and
expanding the timely accessibility of stress relief manner for users in their
daily lives.

METHODS

In this study, we developed a 2 (CA genders) x 3 (types of support)
between-subject experiment on user satisfaction of CA. The CA had two
types of gender, including male and female. Three support types included
control (without stress support function), stress (with stress detection and
support function), and stressor (with stressor detection function, and sup-
port targeted at stressor) groups. So, there were six types of CA in this
experiment.

Participants

In addition to the participants who were excluded due to equipment prob-
lems, a total of 76 participants (38 males and 38 females) were retained for
this experiment. The mean age of participants was 23.7 years, with standard
deviation of 3.6 years. The basic information of the participants is shown in

Table 1.
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Table 1. Basic information of participants.

Participants Groups
Female CA Male CA
Control Stress Stressor Control Stress Stressor

Number Male 6 7 6 6 7 6

Female 6 7 6 6 7 6
Age Mean 25.3 24.1 23.1 21.8 23.8 23.9

SD 3.7 3.3 4.1 2.3 4.1 3.4
Procedure

The flow of the experiment is shown in Figure 1. All participants signed an
informed consent upon arrival at the experimental site. Afterwards, a pre-
experiment personal information questionnaire was filled out. During the
experiment, participants were asked to communicate and share one personal
daily stress experience event with a CA, which was assigned from the six
CAs randomly and provided support via the Wizard-of-Oz method (a human-
operated CA). After the communication, participants were invited to evaluate
the CA. The experimental protocol was reviewed by the Institutional Review
Board (IRB) committee of the Institute of Human Factors and Human-System
Interaction.

Preparation Warming-up Stress sharing Evaluation
¢ Informed consent [fl> « Self-introduction of CA » Recall and share the * Questionnaire
* Questionnaire *  Warming-up interaction stress event ¢ Interview

* Response from CA

Figure 1: Procedure of experiment.

Dependent Variable

In this study, the dependent variable of subjective evaluation is user satis-
faction. Meanwhile, we analysed the mediator variables, including: social
presence, perceived personalisation, favourability, and trust. All variables in
this study were measured using 7-point Likert scales.

These mediator variables were selected according to the previous findings
as follows:

« According to the reciprocity model of social perception, social presence
can enhance reciprocal behaviours in human-intelligent agent interac-
tions, and therefore facilitate the formation of intimate relationships and
improve user satisfaction (Kithne & Peter, 2023).

« Perceived personalisation can contribute to service satisfaction and users’
perception of intimacy (Verhagen et al., 2014).

« Recent studies have confirmed the importance of favourability and its
influence on the enhancement of user-agent relationships and user sat-
isfaction (Ashktorab et al., 2020).
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« According to the studies of users’ feelings toward agents, trust can enhance
the user satisfaction, leading to desired user behaviors (Lee & Yi, 2023).

RESULTS

The results of subjective evaluation were shown in Table 2, with the coeffi-
cient of reliability (Cronbach’s a) of each scale used in this experiment.

Table 2. Subjective evaluation results and the Cronbach’s a of each scale.

Groups Female CA Male CA a
Control Stress Stressor Control Stress Stressor
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Social 232 1.03 424 0.81 428 097 1.72 0.79 3.40 096 3.87 1.01 0.90
presence

Perceived per- 2.25 0.81 4.33 0.74 4.33 1.01 1.64 0.59 3.64 0.86 4.03 0.95 0.84
sonalisation

Favourability 2.99 0.97 4.81 0.55 4.58 1.26 2.00 0.69 429 0.88 4.36 0.88 0.96
Trust 432 0.88 5.64 0.52 553 0.85 3.60 1.01 546 0.86 5.67 0.67 091
Satisfaction  2.31 1.12 4.82 0.76 4.81 1.38 1.85 0.91 4.00 1.34 4.10 1.07 0.96

ANOVA Analysis

This experiment explored the effect of CA gender and support type on
user satisfaction through Two-Way ANOVA (see Table 3). In addition, this
experiment used Bonferroni adjustment for post hoc multiple comparisons
(see Figure 2).

Table 3. ANOVA analysis results of subjective evaluation.

Variable Factor F p 7
Social presence Support type 35.489 <0.001*** 0.472
Gender 8.750  0.004** 0.058
Support type x Gender 0.344  0.710 0.005
Perceived personalisation  Support type 53.924  <0.001*** 0.578
Gender 8.065  0.006** 0.043
Support type x Gender 0.372  0.691 0.004
Favourability Support type 42258 <0.001*** 0.513
Gender 7.896  0.006** 0.048
Support type x Gender 1.138  0.326 0.014
Trust Support type 32.909 <0.001*** 0.466
Gender 1.823  0.181 0.013
Support type x Gender 1.751  0.181 0.025
Satisfaction Support type 36.235  <0.001*** 0.484
Gender 6.839  0.011* 0.046

Support type x Gender 0.175  0.840 0.002
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Figure 2: ANOVA and post hoc analysis of subjective evaluation.

The results of the Two-Way ANOVA showed that there was no interaction
effect between CA gender and support type on any of the five dimensions of
subjective evaluation.

The main effects of support type were significant on social presence
(F(2,70) = 35.489, p < 0.001, n* = 0.472), perceived personalisation
(F(2,70) = 53.924, p < 0.001, 72 = 0.578), favourability (F(2,70) = 42.258,
p < 0.001, 2 = 0.513), trust (F(2,70) = 32.909, p < 0.001, 72 = 0.466), and
satisfaction (F(2,70) = 36.235, p < 0.001, 72 = 0.484).

Post hoc tests showed that the control group’s social presence (M = 2.02,
SD = 0.95), perceived personalisation (M = 1.94, SD = 0.76), favoura-
bility (M = 2.50, SD = 0.97), trust (M = 3.96, SD = 1.00), satisfaction
(M = 2.08, SD = 1.03) were significantly lower than those of the stress
group’s social presence (M = 3.82,SD = 0.97, p<0.001), perceived personali-
sation (M = 3.99, SD = 0.86, p<0.001), favourability (M = 4.55,SD = 0.77,
p<0.001), trust (M = 5.55, SD = 0.70, p<0.001), satisfaction (M = 4.41,
SD = 1.15, p<0.001) and the stressor group’s social presence (M = 4.08,
SD = 0.99, p<0.001), perceived personalisation (M = 4.18, SD = 0.97,
p<0.001), favourability (M = 4.47, SD = 1.07, p<0.001), trust (M = 5.60,
SD = 0.75, p<0.001), satisfaction (M = 4.46, SD = 1.26, p<0.001).
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CA gender had significant main effects on social presence (F(1,70) = 8.750,
p = 0.004, n* = 0.058), perceived personalisation (F(1,70) = 8.065,
p = 0.006, 7> = 0.043), favourability (F(1,70) = 7.896, p = 0.006,
n* = 0.048), and satisfaction (F(1,70) = 6.839, p = 0.011, > = 0.046). The
female CA had significantly higher social presence (M = 3.65, SD = 1.29),
perceived personalisation (M = 3.68, SD = 1.28), favourability (M = 4.16,
SD = 1.23), and satisfaction (M = 4.03, SD = 1.59) than the male CA’s
social presence (M = 3.02,SD = 1.28, p = 0.004), perceived personalisation
(M = 3.13, SD = 1.31, p = 0.006), favourability (M = 3.59, SD = 1.36,
p = 0.006), and satisfaction (M = 3.36,SD = 1.52, p = 0.011). Whereas CA
gender had no significant effect on the evaluation of trust.

Mediation Analysis

In order to investigate the mechanism of user satisfaction evaluation, we used
the parallel mediated effects to analyse how the gender and support type of
CA influence user satisfaction by social presence, perceived personalisation,
favourability, and trust (see Table 4).

Table 4. Mediation analysis results.

Item c a b a*b c Result
Support type => Social 1.188**  1.029** 0.270* 0.278**  0.104 Full mediation
presence

=> Satisfaction

Support type 1.188** 1.118** 0.207 0.232**  0.104 No significant
=> Perceived mediation
personalisation=>

Satisfaction

Support type => 1.188** 0.988** 0.705** 0.696** 0.104 Full mediation
Favourability

=> Satisfaction

Support type => Trust 1.188**  0.819** -0.148 -0.122 0.104 No significant
=> Satisfaction mediation
Gender => Social -0.671% -0.632%*  0.270*% -0.170 -0.021  Full mediation
presence

=> Satisfaction

Gender => Perceived -0.671% -0.544* 0.207 -0.113 -0.021  No significant
personalisation=> mediation
Satisfaction

Gender -0.671* -0.574* 0.705%* -0.404 -0.021 Full mediation

=> Favourability

=> Satisfaction

Gender => Trust -0.671% -0.250 -0.148 0.037 -0.021  No significant
=> Satisfaction mediation

Note: * p<0.05; ** p<0.01. ¢’: Direct effect; a*b: Indirect effect; c: Total effect

The mediation effect analysis showed that the direct effect of support type
on user satisfaction was not significant (direct effect ¢’ was not significant).
The support type had significant effects on the social presence, perceived per-
sonalisation, favourability, and trust (effect ‘a’ was significant). Meanwhile,
the social presence and favourability had significant effects on user satisfac-
tion (effect ‘b’ was significant). Therefore, the support type of CA had a
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significant positive effect on user satisfaction through the mediator variables
(social presence and favourability) with full mediation. The higher support
type (in the order of control group, stress group, and stressor group) led to
the higher social presence and favourability, which in turn led to the higher
user satisfaction.

The direct effect of CA gender on user satisfaction was not significant
(direct effect ¢’ was not significant). However, CA gender had significant
effects on the social presence, perceived personalisation, and favourability
(effect ‘a’ was significant). Meanwhile, the social presence and favourabil-
ity had significant effects on user satisfaction (effect ‘b’ was significant).
Therefore, CA gender had a significant negative effect (fully mediated) on
user satisfaction through the mediators (social presence and favourability).
Compared to male CA, the female CA resulted in higher social presence and
favourability, and therefore led to higher user satisfaction.

Based on the results of the mediation effect analysis, the paths with signif-
icant results are summarised in the mediation model with solid arrows (see
Figure 3). Female CA obtained higher user satisfaction than male CA. Mean-
while, the higher support type achieved the higher user satisfaction. Both
the gender and the support type of CA affected user satisfaction through the
mediators: social presence and favourability.

Social
presence

Control .

Stress  f----- ::—‘,a Support type Perceived
v personalisation
Stressor 0.819% 0.544*

0.270*

Female ..
“=» Gender

Male |~
Trust

Figure 3: Summary of mediation analysis results.

DISCUSSION

According to participants’ subjective evaluations, users were more satisfied
of female CA with stress or stressor support function. With respect to the
gender of CA, participants were more satisfied with female CA. The female
CA achieved higher social presence, perceived personalisation, and favoura-
bility. This finding is consistent with previous results in the literature. The
female voice (Chang et al., 2018) and higher-pitched voice (Niculescu et al.,
2011) are more preferred. Female voice is rated by users as more pleas-
ant (Bazilinskyy & De Winter, 2015) and easier to understand (Bazilinskyy
& De Winter, 2017). Regarding the support type of CA, participants rated
higher satisfaction for CA with stress or stressor support function than CA
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without stress support function. The subjective evaluation of participants
showed that the social presence, perceived personalisation, favourability,
trust, and satisfaction of stress group and stressor group were significantly
higher than that of control group. While, these variables of stressor group
had no significant difference with that of stress group. This result is consis-
tent with related findings from previous research that increasing the affective
responses of CA can increase usage intention and satisfaction of users (Hong
et al., 2017).

In order to investigate the influence mechanism of CA gender and support
type on user satisfaction, this study conducted mediation effect analysis with
the mediator variables of social presence, perceived personalisation, favoura-
bility, and trust. The results showed that CA gender negatively affected
user satisfaction through the social presence and favourability (female CA
obtained higher user satisfaction than male CA), which was related to the
fact that female voice was more preferred than male voice (Chang et al.,
2018). Meanwhile, CA’s support type positively influenced user satisfaction
through social presence and favourability (the higher stress and stressor sup-
port type obtained the higher user satisfaction). In addition, neither of the
two independent variables of CA had an effect on user satisfaction through
perceived personalisation and trust. Therefore, perceived personalisation and
trust might not be the main path through which the CA independent variables
influenced user satisfaction in this study.

According to the interview after the experiment, the participants in the
stressor group proposed more requirements for the targeted advice from CA.
They explained that they felt the high intelligent level of the CA. So, they
were looking forward for the help from the CA for the solution of their daily
stress events.

CONCLUSION

According to the results of this study, the support for daily stress from CA can
improve the user satisfaction. Between different genders of CA, the female CA
is more preferred in this study. What’s more, the influence mechanism shows
that the CA gender and support type influence user satisfaction through the
mediator variables: social presence and favourability. This study provides
guidance for the design of stress support of CA. The related findings provide
a reference basis for the design of interaction manner between CA and users.
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