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their plans for the evening.
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Figure 1: One of the storyboards used in the online survey presenting a scenario in which the voice assistant is proactively
engaging in a conversation between two people to resolve their disagreement.

ABSTRACT

Although smart speakers support increasingly complex multi-turn
dialogues, they still play a mostly reactive role, responding to user’s
questions or requests. With rapid technological advances, they are
becoming more capable of initiating conversations by themselves.
However, before developing such proactive features, it is important
to understand how people perceive different types of agent-initiated
interactions. We conducted an online survey in which participants
(N = 47) rated 8 scenarios around proactive smart speakers on dif-
ferent aspects. Despite some controversy around proactive systems,
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we found that participants’ ratings were surprisingly positive. How-
ever, they also commented on potential issues around user privacy
and agency as well as undesirable interference with ongoing (so-
cial) activities. We discuss these findings and their implications for
future avenues of research on proactive smart speakers.

CCS CONCEPTS

« Human-centered computing — Natural language interfaces;
Empirical studies in HCI; Scenario-based design.

KEYWORDS

Proactive Agents, Voice Assistants, Conversational Agents, Smart
Speakers, Smart Home

ACM Reference Format:

Leon Reicherts, Nima Zargham, Michael Bonfert, Yvonne Rogers, and Rainer
Malaka. 2021. May I Interrupt? Diverging Opinions on Proactive Smart Speak-
ers. In 3rd Conference on Conversational User Interfaces (CUI ’21), July
27-29, 2021, Bilbao (online), Spain. ACM, New York, NY, USA, 9 pages.
https://doi.org/10.1145/3469595.3469629


https://doi.org/10.1145/3469595.3469629
https://doi.org/10.1145/3469595.3469629

CUI 21, July 27-29, 2021, Bilbao (online), Spain

1 INTRODUCTION

Smart speakers have become a mainstream technology in the home,
commonly used for tasks such as searching for information, con-
trolling internet of things devices, setting reminders, or asking for
the weather [3]. Despite a large variety of use cases and increas-
ingly sophisticated conversational abilities, smart speakers and the
voice assistants (VAs) which they incorporate still follow a mostly
reactive model where the user initiates the interaction and the VA
responds. With rapid progress in sensing techniques and artificial
intelligence, VAs become increasingly capable of understanding
their surroundings and users’ preferences, activities, and intentions
which will enable them to become more proactive.

Proactive assistants have been proposed for specific situations,
environments, and tasks [11, 14, 15], and some commercial assis-
tants already support limited forms of proactivity [6], yet there is
still a need to better understand people’s views on such interactions.
People may find the idea of a proactive VA too intrusive especially
if it interferes in a conversation or the interruption is not helpful at
that time. Others may welcome the interjections if it provides what
they need to know at that moment. Therefore, proactive VAs need
to strike the right balance between being helpful and being intru-
sive. Thus, the aim of this study is to investigate opinions on a range
of everyday domestic situations, where a VA proactively addresses
the user(s) in different ways based on their ongoing activities and
conversations. An example is shown in Figure 1.

For the scope of this work, we consider proactive behaviour from
VAs as agent-initiated interactions triggered by contextual and en-
vironmental events or user behaviours, opposed to user-initiated
requests or pre-configured actions, such as reminders, alerts, or
routines set by the user. Through an online survey we sought to
answer the question: Which of the proposed interactions are con-
sidered most useful, pleasant, appropriate, and overall positive? In
the survey, participants had to rate eight different scenarios on
these dimensions and describe what they like and dislike about it.
We found that most participants felt surprisingly positive about
the proactive behaviour, although several people were generally
skeptical. Various concerns were raised regarding privacy, timing
of interventions, and appropriateness in certain contexts.

2 RELATED WORK

There has been extensive research around proactive services in
various technologies and devices, for example for context-aware
reminders or recommendations [19], for mental well-being [13],
health [4], or in elder care [18]. Proactive or system-initiated in-
teractions have been extensively studied over several decades in
spoken dialogue systems (e. g. [9, 20]).

While proactive services can provide useful information for as-
sisting, inspiring, and engaging users, the timing and relevance of
interventions is critical to the user experience [2] and can often be
challenging to achieve [14]. Proactive VAs and opportune moments
for them to intervene have been studied in domestic settings [10], in
vehicles [5, 15-17], as well as for performing manual do-it-yourself
tasks [11], among others. The importance of timing and appropri-
ateness of proactive interventions is even more pronounced for
voice user interfaces (VUIs). Attending to GUI-based notifications
can more easily be delayed until the user is ready, which is not
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possible with VUIs as speech demands immediate attention and can
thus interfere with ongoing user activities or social interactions.

To examine opportune moments to intervene in domestic set-
tings, Cha et al. [8] used a voice-based experience sampling method.
In their study they found that the key determinants for opportune
moments are closely related to personal contextual factors, includ-
ing busyness or mood, as well as other factors associated with the
everyday routines at home, such as social context, i. e., presence of
other people, or user’s movement.

Miksik et al. [14] describe a framework they developed for their
proactive VA to determine opportune points to interrupt. Their
system uses microphones and cameras to understand its context,
e. g., presence and activity of people, using Spatial AL In their
user study, the VA provided simple day-to-day information which
was generally perceived to be useful by participants. The authors
note that more complex and more “social” proactive interventions
would be the next development step, where the VA takes on a more
human-like role considering the user’s personality, current mood,
and cultural and social context.

To create an understanding of how people may want to inter-
act with prospective VAs, Volkl et al. [22] conducted an elicitation
study through an online survey in which participants were pre-
sented with everyday scenarios. For each scenario they had to write
down an imagined perfect dialog between the user and a VA. The
VAs in participants’ imagined dialogues were often proactive, antic-
ipating possible next actions, and suggesting things without being
requested by the user. 8.3 % of dialogues were even initiated by
the VA and not by the user, which suggests that people may want
future VAs to be more proactive in certain situations. However,
the authors point out that for some of these imagined dialogues —
including the proactive ones — participants assumed that the assis-
tant would have substantial knowledge about both the user and the
environment, which may lead to concerns around data collection
and privacy.

3 STUDY DESIGN

The purpose of this study was to understand people’s perceptions
of proactive behaviour in different situations. Our approach was
inspired by vignette experiments [1] and scenario-based design
methods [7], which can be used to investigate (future) technologies
despite current technical limitations. Participants are presented
with a hypothetical scenario, which they are asked to reflect on
and evaluate. Since the context and spatial configurations of smart
speakers and users are relevant for each scenario, we used graphi-
cal storyboards to more effectively convey this information. Two
exemplary scenarios are shown in Figure 2.

3.1 Online Survey

Through an online survey, for which ethics approval was obtained
from University College London, we collected the opinions of 47
anonymised participants. After a welcome text and a short introduc-
tion, they gave informed consent. We then introduced the concept
of a proactive VA and our fictional agent, whom we gave the gender-
ambiguous name ‘Jay’ to reduce gender bias. We asked about the
participants’ typical usage of VAs and if they own a smart speaker.
We then presented the eight scenarios one by one in randomised
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the sixth time. She’s running late for a meeting.
After snoozing again, Jay intervenes...

Selma is still in bed and has snoozed her alarm for(

‘Good morning Selma. Your
Calendar says you have a meeting at
9am. Are you aware of it? You might,
be late if you don't get up now.

S1: Alarm

1 I i
Rosie (87) is reading a newspaper and keeps
coughing.

I noticed you are coughing. From the
sound and frequency of your coughs | suspect
that you may have a respiratory infection.

Should | arrange an appointment with your.
doctor?

§2: Coughing

Figure 2: Two examples of the storyboards used in the survey.

order and asked participants to rate Jay’s proactive interactions in
terms of usefulness, appropriateness, pleasantness, and how positive
or negative their overall impression is, using a five-point Likert
scale for every scenario individually. Participants were then asked
to share what they liked or disliked regarding Jay’s proactive be-
haviour in open-ended questions. The survey concluded with a set
of questions on demographics. Since current smart speakers are
used by a wide range of users of different age groups, we did not
have any inclusion criteria apart from being fluent in English.

3.2 Storyboards

Multiple brainstorming sessions were held with a group of three
researchers in which 30 scenarios were conceived. The creation of
the scenarios was based on what we imagined may be useful proac-
tive interventions in everyday situations, which we were familiar
with ourselves, or situations we knew about from other people. The
scenarios were all situated in a home environment including a sin-
gle person or multiple people. We classified the scenarios according
to the interruption of a conversation, the number of people present,
whether the action was imposed on the user or rather suggestive,
and the potential to be perceived positively or negatively by the
user(s). After several iterations, eight scenarios were selected cover-
ing the different categories — including one deliberately misplaced
initiation of interaction — for which we then created graphical sto-
ryboards. We ran a pilot study on the final set of the storyboards
with 3 participants to see if the scenarios successfully immersed
participants and inspired them to contemplate.

All scenarios were presented as sketches in a comic style with
two or three panels. Several different styles were explored with the
aim to convey the situation without any ethnic or cultural cues
so that all participants should be able to put themselves in the
shoes of the characters. To avoid an influence from the reactions
of the depicted characters on the participants’ opinion, no facial
expressions or responses to Jay’s behaviour were included. The
complete set of storyboards is in the appendix and briefly described
in the following.

e 51 Alarm: After the user has repeatedly snoozed the alarm,
Jay reminds her of an upcoming meeting.

e 52 Coughing: From the sound of the cough, Jay suspects
an elderly user to have a respiratory infection and offers
arranging a doctor’s appointment.

e 53 Tyre Change: Based on past events in the calendar, Jay
proposes to arrange an appointment at the car workshop.

e S4 Historical Fact: Three friends discuss a historical topic
when Jay interrupts them to get a fact right.

o S5 Time Clarification: Two people remember differently what
they agreed on, when Jay settles the disagreement by quoting
what they said.

e 56 Binge Watching: When the user asks Jay to play a TV
series, Jay suggests to stop earlier than last night.

e S7 Headphones Setup: A user asks a friend for help in setting
up new headphones. As the friend is busy, Jay offers to assist.

® 58 Quiz Spoiler: During quiz night, Jay reveals the correct
solution before the players had a chance to answer.
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Overall Impression
w

negative
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$3:Tyre  S4: Historical ~ S5: Time S6:Binge  S7: Setup §8: Quiz

S1: Alarm  S2: Coughing Change Fact i Watching Spoiler

Figure 3: Box plot of Overall Impression ratings for all sce-
narios on a Likert scale from 1 to 5.

3.3 Participants

A quota sampling approach was used to recruit participants. The
acquisition was based on mailing lists, social networks, and word-
of-mouth. Participation was voluntary and uncompensated. Of the
47 participants 25 self-identified as female, 18 as male, 1 as non-
binary, and 3 preferred not to say. The majority of our participants
(72.3 %) ranged from 18 to 34 years of age, 14.9 % ranged from 35
to 54, and 12.8 % were older than that. 55.3 % of our participants
have previously used VAs (10 rarely, 16 often). 25.5 % of participants
owned a smart speaker.

4 RESULTS

The following findings give an impression of the participants’ di-
verse opinions on the proactive abilities of Jay and are divided into
first quantitative and then qualitative results. Due to the exploratory
nature of this research we refrained from inference testing. Our
aim was to identify trends as possible avenues for future research.

4.1 Heterogeneous Scenario Ratings

The participants rated the scenarios on average higher than we
expected. Especially the usefulness of the interactions received high
ratings with a mean of M = 3.73 out of 5 across all scenarios (includ-
ing the misplaced initiation in S8 Quiz Spoiler) compared to how
pleasant (M = 2.95), appropriate (M = 2.94), and positive (M = 3.07)
the participants found the scenarios. The most popular interaction
was S1 Alarm with an overall impression of M = 3.89. Similarly
positive was the impression of the scenarios S7 Headphones Setup
(M =3.77), S3 Tyre Change (M = 3.62), and S2 Coughing (M = 3.51).
The least popular interactions were S8 Quiz Spoiler with M = 1.79
and S5 Time Clarification with M = 2.53. The distribution of the
Overall Impression ratings are shown in Figure 3.

The participants expressed widely varying opinions in the ques-
tionnaire regarding all interactions. Every scenario received the
highest and the lowest possible ratings on all tested dimensions
by at least one participant. The only exceptions are S2 Coughing
with a minimum rating of 2 for pleasantness and overall impression,
and S8 Quiz Spoiler with a maximum overall impression of 4. With
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Figure 4: Box plot of Appropriateness ratings comparing the
three scenario classifications on a Likert scale from 1 to 5.

the exception of S8, the standard deviation for all ratings of the
overall impression was larger than 1.0 which indicates a notable
variance considering the five-point scale. The scenario with the
largest disagreement among the sample was S6 Binge Watching
with a standard deviation of SD = 1.40.

We could not identify a relationship between the wide spread
in attitudes and the demographic data. There were no differences
depending on gender or age. Likewise, we did not find differences
depending on the participants’ usage of VAs, or whether they own
a smart speaker.

4.2 Predictors for Positive Overall Impression

In contrast to the interpersonal dissent, the uniformity of the di-
mensions pleasantness, appropriateness, and overall impression was
strikingly high. The data distribution for the single scenarios are
noticeably similar for these items. This consistency in the data
is also evident in the strong correlation between the dimensions.
Meaningful indicators for a positive overall impression seem to be
appropriateness with a Pearson’s coefficient of r = .925 and pleas-
antness with r = .817. Usefulness appears to be a less decisive factor
for predicting the overall assessment of proactive VA behaviour
(r = .517, all correlations one-sided with p < .001).

The classifications of whether there was an interruption of a
conversation, a single person or multiple people, and whether the
action was imposed on the user or rather suggestive seemed to have
an influence on participants’ ratings. This is depicted exemplary
for appropriateness in Figure 4 but it applies similarly to how useful,
pleasant, or positive the interaction was perceived. The scenarios
in which Jay addressed the user in reaction to an ongoing conver-
sation were rated worse than when the user was not engaged in
a conversation. Similarly, the interactions in which the user was
alone when being addressed by Jay received better ratings than
when being with others. Further, the scenarios in which Jay framed
the assistance as a suggestion, instead of imposing the help onto
the user, were judged better by the participants.
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4.3 Participants’ Reflections on Proactivity

To evaluate the answers to the open-ended questions, three re-
searchers agreed on a coding system that was generated from a
random selection of ten participants’ responses. Subsequently, all
responses were coded along this categorisation and summarised.

Overall, participants found the proactive behaviour of Jay helpful.
The most favoured aspect of Jay were the proactive reminders. 20
people mentioned that they would benefit from such a feature. On
the other hand, one person had concerns if this would become
a habit: “I think it will make me lazy and will have a bad effect
on my memory overall”. Four participants pointed out that the
ability to provide personalised suggestions is an important factor
to enhance the usability of the system. One participant mentioned
“Jay can definitely improve certain aspects of life, but it has to be
well calibrated and personalised so it only assists when you really
want it to.” At the same time, the personalisation aspect generally
raised many privacy concerns. Although we explained in the survey
introduction that Jay would protect the users’ personal data by
processing it locally on the device, twelve participants still raised
doubts regarding the privacy protection by a proactive VA. One
user said: “Only proactive behaviours that do not require constant
listening are acceptable”. Another user even recommended that
such systems should proactively provide suggestions regarding
privacy: “Jay appears to always be listening, but does Jay ever say
‘Please turn off the microphone when you don’t want me to hear
what you are saying’?”

Proactive instructions, where Jay guides users through a task
with a sequence of steps, was a feature that was favoured by eleven
participants. 15 participants pointed out that the timing for ini-
tiating a proactive action is crucial. One participant mentioned:
“When Jay is proactive, it should basically behave like a person.
Jumping in every discussion or argument is going to be annoying”
Another one said: “I like the idea of Jay asking if it should suggest
something later” Four people stated that Jay’s proactive behaviour
is fine only when being alone. When more people are present, they
would not like to be interrupted by the VA: “If I am in the middle
of an interaction with one or more persons, I do not want Jay to
interrupt” One person raised concerns about proactive behaviour
of Jay in front of children: “If [the assistant is] proactively speaking,
you will always be worried that Jay says something unpleasant in
front of a 5-year-old child”

Five participants were skeptical about the social sensitivity of
a proactive smart speaker. They raised concerns about an AI’s
understanding of the conversational context which sometimes can
be even difficult for humans. One user mentioned: “It would be
great if Jay could learn some basic good manners and develop a
certain level of social sensitivity by interacting with humans like
children do. I could easily imagine a young kid interrupting a social
interaction and being told off by his parents.” Seven participants
pointed out that certain proactive behaviours could damage human-
human interaction. A participant speculated: “If the relationships
in the household are suffering from lack of time spent together, it
may exacerbate the circumstances by taking time away from the
families” Six participants raised concerns regarding their agency.
They found some proactive behaviours of Jay intrusive and did
not like that the assistant takes control of certain aspects of their
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lives. For instance, one user said: “I am already annoyed by my
phone [automatically] turning down the volume on my headphones,
because it feels intrusive”

5 DISCUSSION

Our survey results suggest that many people think rather positively
about proactive behaviours and consider them useful. However,
there were various concerns about privacy, timing of interventions,
and appropriateness in certain contexts, which resonates with pre-
vious studies [2, 8, 12].

The quantitative analysis revealed interesting tendencies for
the different types of scenarios. Interactions where users were
alone with the VA were generally rated more positive than with
other people present, which corresponds with various comments by
participants. Somewhat unsurprisingly, quantitative and qualitative
findings suggest that reminders were the most favoured type of
intervention, which may be partly due to people already being
familiar with various types of reminders from existing devices and
services they use. Other well-received types of behaviour were
proactive instructions on a task the user is performing or providing
health-related suggestions. When the VA interfered in personal
conversations and provided evidence from previous conversations
or knowledge graphs, participants perceived it as less appropriate.
However, with a set of only eight scenarios and an exploratory study
design, it is too early for generalising comparisons between the
different types of interactions. Future research should verify these
conjectures systematically and include further use cases, (social)
contexts, and ways the VA initiates interactions. Based on that, the
classifications of these situations and VA behaviours could also be
further refined and extended towards a taxonomy of VA proactivity
types regarding content and form of interventions.

Several privacy concerns were raised, since our proposed VA
would need to continuously analyse its environment and users’
activities. This concern has already been raised for existing smart
speakers [12, 21] but will be even more pronounced for proactive
ones, due to the data collection that is required to determine op-
portune moments for VA interactions. A participant claimed that
proactive behaviour would only be acceptable if it does not require
constant listening. One idea was that the speaker could remind
users about how they can configure it or temporarily turn it off.

Much critique concerned the social awareness of the VA and
questioned sufficient understanding of context and intentions, e. g.,
that not all questions are meant to be answered. Social skills such as
when to speak or when to approach others are complex abilities that
are difficult for computer systems to master. A possible approach
that was suggested, which could reduce inappropriateness in social
situations, is that the assistant would ask more gently if it should
suggest or remind about something, e. g., “Would you like me to
help you with that?” or “May I suggest something concerning ... ?”.

The strong correlations between the rating dimensions were
expected. It is interesting to see though that the overall impression
of the scenarios correlated more strongly with the aspects appro-
priateness and pleasantness than with usefulness. Future research
could examine these relationships further to confirm the tendencies
found here and suggest social or situational appropriateness as a
primary design guideline for proactive VAs.
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6 CONCLUSION

Our scenario-based study, in which participants were shown a
series of storyboards in which smart speakers proactively addressed
users in everyday situations, was successful in eliciting a broad
range of reactions. In particular, it enabled participants to reflect
on the usefulness, pleasantness, and appropriateness of VA-initiated
interactions. Our findings show that people generally found them
useful but many raised concerns around timing of interventions,
privacy protection, and loss of control. This further resonates with
our finding that a positive perception of a proactive VA behaviour
seemed to be less related to its perceived usefulness and more to its
appropriateness. Furthermore, the diverging opinions suggest that
proactive smart speakers may be desirable only in certain situations
and for some users. The study findings underline that although
future smart speakers will most likely involve a combination of
reactive and proactive interactions, people will need to keep a
certain level of agency over when they allow the VA to observe the
environment and to be proactive.
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May | Interrupt? Diverging Opinions on Proactive Smart Speakers

A APPENDIX

Scenario 1: Alarm

CUI *21, July 27-29, 2021, Bilbao (online), Spain

-
Selma is still in bed and has snoozed her alarm for

/ the sixth time. She’s running late for a meeting.
After snoozing again, Jay intervenes...

‘calendar says you have a meeting at
9am. Are you aware of it? You might
be late if you don't get up now.

‘Good morning Selma. Your

Scenario 2: Coughing

+

)

&)
AN

)

Rosie (87) is reading a newspaper and keeps
coughing.

sound and frequency of your coughs | suspect
that you may have a respiratory infection.

Should | arrange an appointment with your
doctor?

19
L%
+

:\\\\

7

$

4
A

)

Scenario 3: Tyre Change

Ben is washing the dishes when Jay addresses

him:

Usually * you change _your
summer tires afound this time of
the year b n your past
Calendar entries. Should 1 send an
email to your car workshop to
arrange an appointment?
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Scenario 4: Historical Fact

The Egypy;
the olges;.

an empire j

The Pers;
the oldest
on earth s

an empire js
empire

Sorry to interrupt, but
based on Wikipedia the
Akkadian Empire was

actually the oldest empire
in the world,,

Three friends are discussing a historical topic.

Scenario 5: Time Clarification

is ri";,',may interrupt, Martha
that ye, O decided yest,
YOU Will meet at g prn’ 74

Martha and Jonas are having lunch and discussing
their plans for the evening.

Scenario 6: Binge Watching

—

Fernandez wants to watch some TV and asks Jay
to play it.
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Scenario 7: Headphones Setup

CUI *21, July 27-29, 2021, Bilbao (online), Spain

555

Sandra comes to the kitchen and asks Lukas about
her new headphones.

@

I could assist you i
Start with press;

for three seconds.

N setting it up.
ng the A button

Scenario 8: Quiz Spoiler

A group of friends are playing a quiz. Luisa reads
out a question...
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