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ABSTRACT

Modern day voice-activated virtual assistants allow users to
share and ask for information that could be considered as
personal through different input modalities and devices.
Using Google Assistant, this study examined if the
differences in modality (i.e., voice vs. text) and device (i.e.,
smartphone vs. smart home device) affect user perceptions
when users attempt to retrieve sensitive health information
from voice assistants. Major findings from this study
suggest that voice (vs. text) interaction significantly
enhanced perceived social presence of the voice assistant,
but only when the users solicited less sensitive health-
Furthermore, when individuals
reported less privacy concerns, voice (vs. text) interaction

related information.
elicited positive attitudes toward the voice assistant via
increased social presence, but only in the low (vs. high)
information sensitivity condition. Contrary to modality, the
device difference did not exert any significant impact on the
attitudes toward the voice assistant regardless of the
sensitivity level of the health information being asked or
the level of individuals’ privacy concerns.
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1 INTRODUCTION

The rising popularity of voice-initiated virtual assistants
such as Amazon’s Alexa, Apple’s Siri, and Google Assistant
is driving competition among technology giants. These
systems differentiate themselves from other virtual agents
by mainly communicating via “voice” without specific non-
verbal cues (e.g., facial expression) that are embedded in
some virtually embodied conversational agents. While they
are generally used for news, entertainment, and other
practical information updates (e.g., weather, traffic), the
increasing prevalence of voice assistants in individual
households allows them to serve as a cost- and time-
effective source to obtain day-to-day health information. In
addition to being easily accessible at home, the capability of
voice assistants to engage in conversations with users in a
private yet natural manner is increasing voice assistants’
value as healthcare assistants [33, 37]. Driven by such
distinctive qualities of voice assistants, for example, Alexa is
seen as one of the forefront technologies that could be used
to promote personal health check-ups for rather sensitive
health matters such as breast cancer [30].

Yet, the value of the intuitive and seamless voice
interactions between users and voice assistants in health
communication has not grasped much scholarly attention.
Thus, this study aims to fill the gap by examining the
modality effects of voice assistants in the context of health
information acquisition. In one exceptional study, Miner et
al. [17] have explored how different voice assistant systems
(i-e., Siri, Google Now, S Voice, and Cortana) respond to
health questions related to mental health, interpersonal
violence, and physical health. Unfortunately, they arrived at
a conclusion that the voice assistants in general were not
yet capable of offering consistent and complete answers.
However, not only are voice assistants getting smarter
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through algorithmic learning, more research on user
perceptions (beyond voice assistants’ reactions) merits
attention to better design voice assistants for the purpose of

healthcare.

2 VOICE AS A HUMAN-LIKE FEATURE IN VOICE
ASSISTANT INTERACTIONS

According to Sundar, Jia, Waddell, and Huang [34],
modality is a powerful affordance that has significant
impact on the interaction between users and digital media,
in turn affecting user perceptions associated with the
content as well as the media platform itself. Especially,
voice could serve as a powerful modality affordance among
audio-activated assistants, considering that many systems
(e.g., Apple’s Siri, Google Assistant, Microsoft’s Cortana)
allow users to choose input modality (e.g., voice vs. text),
which generally corresponds to the output modality.

Earlier research in synthesized computer speech has
documented how  imbuing interpersonal
communication attributes in human-computer interactions
could enhance user evaluations toward computers and
virtual agents based on the computers are social actors
paradigm (CASA) [24, 25]. The CASA framework suggests
that when virtual beings reveal human-like qualities, people
will respond to non-human agents as they do to human
actors [24, 25], “even when they know that machines do not
possess feelings, intentions, ‘selves,” or human motivations”
(p- 325) [18]. For instance, previous findings show that
computer agents are evaluated more positively by users
when the agents are emotionally-adaptive (vs. non-
adaptive) [15], match [19, 23] or complement [13] the
personality of the wusers (e.g., extroversion, dominant
characteristics), show reciprocity [18], or simply deliver
friendly facial expressions (e.g., smiling vs. neutral) [6, 26].

certain

When it comes to audio cues signaled by virtual agents,
studies tended to focus on particular variations in voice
output (e.g., emotional tone of voice [21], vocal pitch [6]),
with stronger interests in embodiment and non-verbal cues
beyond voice (e.g., facial expression), to explore how
human-like virtual agents can be perceived by users [9]. On
the other hand, the pure voice effects have gained less
attention. However, we should note that simply conversing
with a virtual agent through voice itself (compared to other
means such as text messaging) could deliver a powerful
anthropomorphic impression of machines to users [7].
Some may argue that such tendency would be too obvious
to be tested, since speech is one of the most unique human
capabilities that can be incorporated in computer agents
[27]. Yet, we should not forget that texting (vs. traditional
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telephony) could also be considered as personal and
intimate means to interact with other counterparts among
modern day users [14]. Also, it is a good time to directly
test if audio (vs. textual) interaction indeed affords more
human-like experiences to users, considering that many of
the recent voice assistant technologies offer various
modality options (e.g., voice vs. text), albeit focused on
voice exchanges by design.

Moreover, the highlight of modern-day voice assistants
is that they are capable of having natural conversations
with users even “without” human-like non-verbal or
embodied cues. This necessitates the shift from putting
more weight on embodiment or non-verbal behaviors of
virtual agents to validating the simple but fundamental
voice effects. While mostly tested in the context of human-
to-human communication, Walther [38] proposed that
individuals could rely on verbal cues to compensate for
missing nonverbal components in technology-mediated
interactions, which may also apply to human-to-computer
conversations. In fact, Nass and Gong [22] found that
people felt more comfortable sharing their personal
information when a human-recorded (more human-like)
voice was projected from a voice assistant with no face (i.e.,
disembodied), compared to when the human-like voice was
heard from a virtually embodied agent with synthetic facial
features. As virtual voices resemble those of humans more
and more, speech from machines can serve as an impactful
cue that signals human-like qualities of virtual agents,
especially when other nonverbal cues are absent.

Admittedly, there have been several attempts to
disentangle the effects of audio (vs. textual) interactions
with (virtually embodied) conversational agents. Berry,
Butler, and de Rosis [4] compared how exposure to (a) text-
only information, (b) voice from no-face agents, and (c)
voice from agents with face could result in disparate
psychological consequences. The results indicated that text-
only health information was easier to understand compared
to voice messages from agents with or without face.
However, in their study, the text message was shown to
participants in the form of a word document, which may
have not been acknowledged as being sourced from a
virtual agent. Another study on avatar-mediated
interactions revealed that text chat is inferior to other real-
time interaction modalities including audio, video, and
avatar-mediated communication in increasing emotional
closeness toward the interactant [3]. In this case, however,
participants were interacting with a person, not a computer
agent, which may signal different relational meanings. Qui
and Benbasat [31] also found that when a web-based
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product recommendation agent spoke with a human voice
(vs. TTS voice, text), social presence of the agent increased.
One limitation of this study would be that participants were
simply exposed to a web-based output with different
modalities without personally interacting with the agent.

To fill the above gaps in research, we expect to better
disentangle the effects of audio vs. textual interactions with
voice assistants by manipulating the modality of the
“dialogue” between the user and the virtual agent from the
same virtual “source”. In particular, this study hypothesizes
that voice (vs. text) interaction will heighten feelings of
anthropomorphic interactions in the form of elevated social
presence (i.e., “the sense that other intelligent beings co-
exist and interact with you, even if those beings are non-
human and only seem intelligent;” pp. 289-290 [12]), which
in turn will elicit positive evaluations toward virtual beings
[13, 29].

3  MODERATING ROLES OF INFORMATION
SENSITIVITY AND PRIVACY CONCERNS

When demanding information from smart devices through
voice commands, the context of interaction as well as the
characteristics of information could also influence how
modality alters user perceptions. This is due to the possible
intrusiveness associated with audio input/output, especially
in public settings. For example, previous research on
modality and mobile devices revealed that users tend to
actively engage in voice interactions in private settings
(e.g., home), compared to public settings (e.g., park,
subway) where they seem to adopt more gesture- and
touch-based interactions [32]. Similarly, gesture-based
interaction with a mobile device was found to be preferred
over voice-based interaction among users around strangers
[40]. Specifically focused on voice assistants, Moorthy and
Vu [20] found that users felt the use of mobile applications
such as Siri more comfortable in private (vs. public) settings
and for non-private (vs. private) information inquiries
compared to a keyboard-based search. Their findings reflect
how voice-based interaction could be subject to individuals’
perception of privacy and sensitivity of the context.

Especially, for health information acquisition, privacy
matters could become more crucial. Relevant to this point,
Bansal, Zahedi, and Gefen [2] found that perceived
sensitivity of health information and privacy concerns
negatively affected users’ intention to disclose health
information on websites. When applied to voice assistants,
it is reasonable to postulate that voice (vs. text) interactions
may not always result in better evaluations toward the
voice assistants, especially when wusers are in a
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socially/publicly sensitive context. For example, if a person
is trying to acquire sensitive health information from a
voice assistant out in public, s/he is likely to prefer
interaction via text over voice. Certain personal traits, such
as holding high concerns over online privacy breach, can
also drive users to avoid voice interactions. On the other
hand, text messaging can be further preferred among users
in retrieving health information from mobile devices due to
its convenience [1, 39]. In sum, while voice can heighten
social presence of, thus leading to positive evaluations
toward, voice assistants, it may not always result in positive
outcomes especially when users solicit sensitive health
information, or report high privacy concerns. Thus, this
study attempts to test such possibilities by examining the
moderating roles of the (a) sensitivity level of health
information being solicited, and (b) user’s level of general
privacy concerns, in the effects of modality on social
presence and user attitudes toward the voice assistant.

However, predicting the moderating effects of
information sensitivity and privacy concerns may not be so
simple, since reluctance toward voice interactions in
“highly  sensitive” contexts would not necessarily
compromise perceived “social presence” of the voice
assistant. That is, even when users feel uncomfortable
speaking to voice assistants regarding certain health
matters, it may not make the voice assistant less human-
like. In contrast, in “low-sensitive” settings, voice (vs. text)
is expected to enhance the social presence level, since users
are not inhibited by sensitivity of the information or
privacy concerns. Thus, the following hypotheses are
proposed based on the prediction that voice will increase
social presence, and in turn induce positive attitudes toward
the voice assistant, but only in “low-sensitive” contexts in
terms of (a) the (manipulated) sensitivity level of the
retrieved health information and (b) the (self-reported) level
of user’s privacy concerns as an individual difference.

H1: Voice (vs. text) interaction will increase perceived social
presence of the voice assistant, but only when the sensitivity of
the requested information is low (vs. high).

H2: Voice (vs. text) interaction will increase perceived social
presence of the voice assistant, but only among users with low
(vs. high) privacy concerns.

H3: Voice (vs. text) interaction will indirectly increase positive
attitudes toward the voice assistant, mediated by the levels of
perceived social presence.
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4 DEVICE EFFECTS IN VOICE ASSISTANT
INTERACTIONS

In addition to modality options, some systems let users
interact with voice assistants through multiple devices. For
example, users can talk to Microsoft’s Cortana via mobile
phones as well as laptops. Google Assistant also offers
services through both smart home devices (e.g., Google
Home) and smartphones. Such device difference can also
have impact on user perceptions. Especially, for smart home
devices, users become solely reliant on vocal cues compared
to smartphones due to the absence of screen information. In
the context of multimedia education, the cognitive load
theory suggests that humans have limited amount of
cognitive space to process verbal and visual information
simultaneously [36], thus informing educators to recognize
the cognitive load in multimedia learning environments
[16]. If that is the case, only receiving audio feedback may
enhance user experiences compared to obtaining identical
verbal information through two different modalities (e.g.,
text + voice). Conversely, some may argue that the voice
output accompanied by text information on the mobile
screen may produce accumulative effects. This argument
resonates with the dual channeling theory which posits that
verbal information can be processed more effectively with
complementary visual aids [28].

However, studying the multi-modality effects with voice
assistants is not always clear for several reasons. First, the
smartphone screen offers a complete replica of the vocal
response simply in a text version, rather than offering a
visual/pictorial representation of information. Second,
device difference itself can elicit disparate psychological
outcomes that does not solely derive from the modality
combinations (e.g., due to higher perceived attachment to
smartphones). Third, it is unclear how the device difference
and the associated modality difference will affect users’
attitudes toward the voice assistant beyond recall or
learning outcomes. For the aforementioned reasons, the
following research questions (in lieu of directional
hypotheses) are proposed to explore the device effects on
social presence and attitudes toward the voice assistant as
well as the moderating effects of information sensitivity
and privacy concerns:

RQ1: Will the level of perceived social presence alter by device
difference (i.e., smart home device vs. smartphone)?

RQ2: Will the effects of device difference (i.e., smart home
device vs. smartphone) on perceived social presence of the
voice assistant be moderated by (a) information sensitivity
and/or (b) privacy concerns?
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RQ3: Will the device difference (i.e., smart home device vs.
smartphone) indirectly increase positive attitudes toward the
voice assistant, mediated by the levels of perceived social
presence?

5 METHOD

5.1 Participants and Study Design

Fifty-three undergraduate students from an undergraduate
course at a southeastern university were recruited for extra
credit. The sample was slightly female-dominant (18 men,
35 women) with the age ranging from 19 to 23 (M = 20.15,
SD = 0.93). A 3 modality/device (i.e., smart home device +
voice, smartphone + voice, smartphone + text) X 2
information sensitivity (i.e., low vs. high) mixed factorial
experimental design was employed. The modality and
device conditions were combined since smart home devices
are not capable of offering text output. In addition, while
the modality/device assignment was conditioned as a
between-subjects factor, information sensitivity was
assigned to participants as a within-subjects factor. A
particular voice assistant system developed by Google (ie.,
Google Assistant) was adopted for this study. The rationale
behind the decision was that not only did Google Assistant
offer services through mobile devices via both voice and
text inputs/outputs, but also through smart home devices
without having a strong brand attachment to a certain
device at the time of study (e.g., Amazon’s Alexa/Echo is
known more for its service through smart home devices).

5.2 Manipulated Conditions

After giving consent, each of the participants was randomly
assigned to one of the three device/modality conditions
(smart home device + voice: N = 18; smartphone + voice: N
= 18, smartphone + text: N = 17), and entered a room with a
table that had the assigned device on top. In terms of the
device/modality manipulation, an Android mobile phone
(i-e., Motorola G5) was used for the smartphone condition,
and Google Home device for the smart home device
condition. Participants were asked to use either audio input
for the voice condition or textual input for the text
condition. When users offered text input to the smartphone,
text results appeared on the mobile screen (see Figure 1).
When users prompted Google Assistant using their voice
via the smartphone, identical screen information was given
with the voice assistant reading the textual content at the
same time. For the smart home device condition, only audio
output was provided.
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Afterwards, participants were specifically instructed to
ask two types of health questions (ie., less vs. more
sensitive health questions) to Google Assistant in a
randomized order. For the low sensitivity task, participants
received a paper that had a list of 7 questions related to
allergies, cold, and flu (e.g., “Can headache medication
cause headaches?,” “Could oatmeal baths help you with
itchy skin?,” “How long do cold symptoms last?”). For the
high sensitivity information condition, participants were
given 7 health questions related to sexual health (e.g., “Do
you have to have sex to get an STD?,” “What are the
benefits of masturbation?,” “Do condoms affect orgasms?”).
After they went through all of the 7 health questions for
each of the conditions, participants completed an online
questionnaire containing the measured variables of interest
using an iPad device.

%09 N @ 10:10 * 30 ® N @ 1016

Hi, how can | help?
"

What are the benefits of masturbation?

Snine

Could oatmeal baths help you with itchy
skin?

.0' This is the top result
.0' Here's a result from search

The good feelings that accompany an orgasm
happen whether you're by yourself or having sex
with a partner. Plenty of research has shown the
health benefits of masturbation. ... help treat
sexual problems. relieve menstrual cramps and
muscle tension.

A Word From Verywell. Oatmeal baths are

great for your baby, but you may find them
soothing for any itchy rash, sunburn, dry skin, or
eczema. ... https://www.aad.org/public/skin-hair
-nails/skin-care/itchy-skin.

Article Soothe Your Skin by Making Your Masturbation | Get the Facts About
Own Oatmeal Bath Masturbation Health
Verywell Planned Parenthood

G Search About Oatmeal Protein G Search

N

(0}

O <

(o}

O

Figure 1: Smartphone screen output for low (left) and high
(right) information sensitivity conditions.

5.3 Measured Variables

5.3.1 Manipulation Check for Information Sensitivity. Two
items were created to test the effectiveness of the
manipulation for information sensitivity: whether the set of
questions asked and answers received from Google
Assistant was (a) “too sensitive” or (b) “too private” (1 =
strongly disagree, 7 = strongly agree). The 2 items were
combined since they showed high reliability for both low (r
= .81, p < .001; M = 1.92, SD = 1.10) and high (r = 91, p <
.001; M = 2.83, SD = 1.58) information sensitivity conditions.

5.3.2 Privacy Concerns. Four items from Dinev and Hart [5]
were used to measure the individuals’ reported level of
privacy concerns (e.g., “I am concerned that the information
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I submit online could be misused,” “I am concerned about
submitting information online because it could be used in a
way I did not foresee™, a = 91, M = 4.35, SD = 1.58; 1 =
strongly disagree, 7 = strongly agree).

5.3.3 Perceived Social Presence. Nine items from previous
social presence scales [8, 12] were modified to fit the study
context (e.g., “There was a sense of human warmth during
the interaction,” “While I was using Google Assistant, I felt
as if she was talking to me,” “I paid a lot of attention to
what she said”; 1 = strongly disagree, 7 = strongly agree).
The scale was reliable for both low (o = .94, M = 3.90, SD =
1.35) and high (a = .94, M = 4.08, SD = 1.31) information
sensitivity conditions.

5.3.4 Attitudes toward the Voice Assistant. The attitudes
measure was based on 21 items that were constructed to
evaluate certain usability characteristics of online services
[11, 35] (e.g. Good, Useful, Cool, Interesting, Smart; 1 =
describes very poorly, 7 = describes very well), which also
showed high reliability for both less (o = .97, M = 5.47, SD =
1.13) and more sensitive (o = .97, M = 5.47, SD = 1.08) health
questions.

5.3.5 Control Variables. Gender and prior usage of voice
assistants were included as control variables. Previous
experience with voice assistants was measured in two
levels, for both Google Assistant (M = 2.23, SD = 1.35), and
other systems such as Siri and Alexa (M = 4.19, SD = 1.72) (1
= never heard of it; 2 = heard of it but have not used it; 3 =
barely use it; 4 = have some experience with it; 5 = use it
occasionally; 6 = use it often; 7 = use it all the time).

6 RESULTS

Before testing the main hypotheses, the effectiveness of the
information sensitivity manipulation was confirmed. As
expected, sexual health questions were perceived as more
sensitive compared to general health questions related to
allergies, cold, and flu (#52) = 4.33, p < .001; Miow = 1.92,
SElow = .15; Mhigh = 2.82, SEnhigh = 22).

After confirming that the manipulation of information
sensitivity was successful, the main analyses were run. In
particular, to examine if voice would have stronger effects
than text on perceived social presence of the voice assistant,
but only when users inquired less sensitive information
(HI), and among those who reported low levels of privacy
concerns (H2), a 2 (modality: voice vs. text) X 2 (information
sensitivity: low vs. high) mixed model repeated measures
analysis of variance (ANOVA) was employed. To do so, the
between-subjects effects of modality (i.e., voice vs. text),
privacy concerns, and the interaction term (i.e., modality X
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privacy concerns) on social presence were tested under the
within-subjects contrast of information sensitivity (i.e., low
vs. high). In addition, gender, prior history of using voice
assistants, and the device condition (i.e., smart home device
vs. smartphone) were included as control variables in the
model.

As a result, a significant two-way interaction effect
emerged between modality and information sensitivity on
perceived social presence (K1, 45) = 5.69, p = .02, partial n? =
.11). As expected by HI, voice (vs. text) interactions
significantly enhanced perceived social presence toward the
voice assistant, but only in the low information sensitivity
condition (Miext = 3.50, SEtext = .37; Mioice = 4.15, SEyoice =
.24) (see Figure 2). In the high information sensitivity
condition, the voice assistant was perceived fairly socially
present regardless of the modality (Miext = 4.10, SEtext =.37;
Mygice = 4.11, SEvoice = .24). For the moderating effects of
privacy concerns (H2), a marginally significant effect
appeared (K1, 45) = 3.32, p = .08, partial n? = .07), which
will be explained in more detail in the mediation analysis
(H3).

420 Information
Sensitivity
High
— Low
400

Perceived Social Presence

360

Text Voice
Modality

Figure 2: Interaction between modality and information
sensitivity on perceived social presence.

To test the mediating effects of perceived social presence
on the relationship between modality and attitudes toward
the voice assistant in its entirety (H3), a moderated
mediation analysis was run through Process (Model 7) [10]
for low and high information sensitivity conditions
respectively, with privacy concerns serving as a moderator
between the independent variable and the mediator. Due to
the insignificant effects of the control variables (i.e., gender,
previous experience with Google Assistant and other voice
assistants) on perceived social presence (ps > .85), the
control variables were excluded from the moderated
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mediation analyses except for the device difference (ie.,
smart home device vs. smartphone).

First, for the low information sensitivity condition, the
entire moderated mediation model appeared to be
significant (index = -35, 95% biased-corrected 10,000
bootstrap CI[-0.6304, -0.1096]). Privacy concerns had a
significant moderation effect with modality on social
presence (b = -0.58, t = -2.18, p = .03), which in turn positively
affected user attitudes (b = 0.59, t = 6.90, p < .001) (see Figure
4). More important, the indirect effects of modality on user
attitudes via social presence appeared significant, but only
among users who reported low privacy concerns (M-1SD), b
= .94, 95% biased-corrected 10,000 bootstrap CI[0.2123,
1.9195], lending support to both H2 and H3. On the other
hand, no significant indirect effects of modality on attitudes
through social presence were seen for users with moderate
(M), b = 39, 95% CI[-0.1587, 1.0729], or high (M-1SD), b = -
15, 95% CI[-.7946, .6923] levels of privacy concerns. When
the moderating effect of privacy concerns was decomposed,
the pattern suggested that voice (vs. text) interaction led
users to perceive the voice assistant more human-like
(socially present), but only when they had little concerns
over privacy (M-1SD), b = 1.56, t = 2.55, p = .014 (see Figure
3). Again, for participants who reported medium (M; b = 0.64,
t =143, p = .16) and high (M+1SD; b= -0.28, t = -0.45, p = .66)
levels of privacy concerns, modality did not alter perceived
social presence.

45
*b=-0.28
3 ot=-045
2 40 *p= 66
2
-y
8. *b= 0.64
8 35 of= 143
2 = .16
§ P= Privacy Concerns
8 L, —— Low (M-15D)
o b= 1.56 -#- Moderate (M)
A ot= 255 —.— High (M+1SD)
*p= .014
25
Text Voice
Modality

Figure 3: Interaction between modality and privacy
concerns on perceived social presence.

Second, for the high information sensitivity condition, the
effects of moderated mediation was not significant, index = -
.26, 95% biased-corrected 10,000 bootstrap CI[-0.5805, 0.0167]
(see Figure 5). That is, no significant mediating effects of
social presence emerged between modality and user
attitudes, regardless of users’ level of privacy concerns: b =
40, 95% CI [-0.3232, 1.2195] for low, b < .001, 95% CI[-0.5854,
0.5602] for medium, b = -.40, 95% CI[-1.0926, 0.3099] for high
levels of privacy concerns. The interaction effect of modality
and privacy concerns on social presence was also non-
significant (b = -0.44, t = -1.65, p = .11).
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Privacy Concerns
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b=-0.58
t= -2.18
p= .03*
Modality b:?'fé \ R Perceived -b :‘;‘;Z _,| Attitudes toward the
. t= 143 - . «t= 6. . .
(Voice vs. Text) p= .16 Social Presence cp< 001HEE Voice Assistant
4
b=-0.50
......................................................... e
p= .08

* Index of moderated mediation = -.35; 95% biased-corrected 10,000 bootstrap CI [-0.6304, -0.1096]

Figure 4. Conditional indirect effects of modality on attitudes toward the VA in the low information sensitivity condition.

Privacy Concerns

b=-0.44
t=-165
p= .11
Modality 'b:g'gg; “a N Perceived 'b:‘;-ig _,| Attitudes toward the
. e t=0.003 - . ct=7. . .
(Voice vs. Text) p= 99 Social Presence <p< 001%H Voice Assistant
4
: «b=-041 |
e = 150 el
p= .12

* Index of moderated mediation = -.26; 95% biased-corrected 10,000 bootstrap CI [-5805, 0.0167]

Figure 5. Conditional indirect effects of modality on attitudes toward the VA in the high information sensitivity condition.

When the device effects were tested, using the smart
home device (vs. smartphone) did not show a significant
main effect on perceived social presence (RQI; K1, 45) =
0.001, p = .98, partial n? < .001), even after controlling for
modality and other control variables. Furthermore, the
device difference was not moderated by information
sensitivity (RQ2a; K1, 45) = 0.93, p = .34, partial n? = .02) nor
privacy concerns (RQ2b; H1, 45) = 0.25, p = .62, partial n? =
.005) to alter social presence. In turn, the mediating effect of
social presence on the relationship between modality and
user attitudes was not further tested due to the above non-
significant results (RQ3).

Paper 258

In sum, the findings indicate that voice (vs. text)
interactions increased social presence of the voice assistant,
but only when the information sensitivity was low (HI),
and the users reported less privacy concerns (H2). In turn,
increased social presence led to more positive attitudes
toward the voice assistant (H3), confirming all of the
proposed hypotheses. On the other hand, when the
information sensitivity and individual’s privacy concerns
were high, voice did not work better than text to alter social
presence. In fact, text was as impactful as voice to induce
human-like perceptions of the voice assistant in those cases.
In addition, device difference did not show significant
effects on social presence (RQ1~3).
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7  DISCUSSION

Due to the drastic enhancement in naturalness of synthetic
voices, voice assistants are now able to resemble some
aspects of human-to-human interactions in terms of their
speech capabilities. The findings suggest that voice (vs. text)
interactions elevated the feelings of having a social
conversation between the user and the voice assistant,
which further led to positive evaluation toward the agent.
However, those patterns occurred only when the
information being asked was less sensitive in nature, and
while individuals reported low levels of privacy concerns.

Notwithstanding the significant moderation effects
consistent with the main hypotheses for the low
information sensitivity condition (HI) among users less
concerned over privacy (H2), the specific interaction
patterns deserve attention. Instead of voice diminishing the
social perceptions of the voice assistant in highly sensitive
contexts (both in terms of information sensitivity and
privacy concerns), text showed strong effects on perceived
social presence as much as voice. It is likely that, in
sensitive settings, interactions with a voice assistant
become more engaging and stimulating to users to heighten
social presence of the assistant regardless of the modality.
In contrast, in the condition where users asked less
sensitive questions, the effect of voice (vs. text) appeared
significant, especially among users with low privacy
concerns. It turns out that modality effects become more
prominent in less (vs. more) sensitive settings, which offers
noteworthy design implications. In particular, it seems that
designers could benefit from focusing on voice-associated
features when delivering general (non-sensitive) health
information via voice assistants. Similarly, designers could
also personalize modality options based on individuals’
level of privacy concerns to improve user experiences. For
instance, encouraging audio interactions among people
with low concerns over privacy could increase perceived
social presence of, in turn enhancing attitudes toward, the
voice assistant.

On the other hand, the device difference did not exert
powerful psychological impact on users. It seems that when
voice-based applications are used, smartphones (vs. smart
home devices) do not elicit more or less attention to visual
outputs added to the audio responses. By the same token,
smart home devices (vs. smartphones) did not encourage
users to pay more attention to the solely offered audio cues
without screen information. Perhaps, difference in input
modality (ie., voice vs. text) matters more than the output
modality in affecting user perception toward voice
assistants. Alternatively, it could be that for voice input in
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particular, there are no accumulative effects deriving from
combination of modalities (i.e., text + voice) as long as the
output modality has an audio component to it. Despite the
non-significant effects of device difference on user
perception and attitudes, the findings still offer some design
implications considering that many smart home devices
only offer voice interaction options. It seems that building
systems that only allow audio input (without the textual
input option) could deliver stable user outcomes regardless
of the sensitivity level of the information being exchanged
or individuals’ privacy concerns, which reflects the
advantages of using solely audio-interactive smart home
devices. On the other hand, with the recent development of
new smart home devices that incorporate screen features
(e.g., Amazon’s Echo Show), again, designers should
consider the disparate effects of modality as a function of
information sensitivity and privacy concerns. That is, while
offering both voice and text input options would not make
a difference in highly sensitive settings, designers should be
more careful with adopting text interactions in less
sensitive contexts.

Despite the possible theoretical and practical
implications of the study, few limitations merit note. One
limitation was associated with the nature of the experiment
conducted in a controlled lab setting which restricts the
generalizability of the findings. Furthermore, users’ choice
to retrieve sensitive (vs. non-sensitive) information is
contingent upon various social and spatial contexts (e.g.,
public settings) in reality. Thus, studies comparing the
modality effects among various contexts in natural
environments may aid future researchers to extend the
understandings of user psychology in interactions with
voice-initiated conversational agents.
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