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Abstract

Digital personal assistants (DPAs) have recently grown in popularity because
they are both a commercially available new technology and reasonably
affordable to the average household. This opens opportunities for new ways to
assist people in everyday activities in their homes through voice-interaction.
Physical activity has significant health benefits, and yet globally, 1 in 4 adults are
not active enough. To address this, we investigate the persuasive potential of
DPAs in increasing people’s physical activity at home. We conducted a study with
48 participants to understand the effect of applying three of Fogg’s persuasive
principles to the design of a DPA exercise program: Suggestion, Virtual Reward,
and Praise. Our findings show that DPAs have the potential, within their current
technical and reactive capabilities, to persuade people to increase their physical
activity at home, using Suggestion to encourage physical effort, Virtual Reward to
encourage endurance, and Praise to create reassurance for beginners. Based on
this, we offer three alternate perspectives for developing persuasive DPAs. We
also discuss limitations of the study and suggest future research directions
around using persuasion with DPAs.

Keywords
Conversational Agents; Digital Personal Assistants; Smart Home; Persuasive
Technology; Physical activity.

1. Introduction

The interactional benefits of human-computer voice interaction have been
known for decades (Cohen & Oviatt, 1995), however, it is not until recently it has
become stable enough for everyday use, and widely available through in-home
devices. Digital Personal Assistants (DPAs), such as Amazon Echo and Google
Home, have gained popularity and acceptance in recent years (Atkinson 2006;
Kinsella 2019; NPR 2019). These hands-free voice-controlled interfaces aim to
support users on an everyday basis with planning, searching for information,
controlling smart home accessories and entertainment (Kinsella 2019;
Porcheron et al. 2018; Pradhan et al. 2018). The DPA embodies the idea of a
butler or assistant, helping the user and household manage their everyday lives.

In line with recent interest in using technology to motivate increased physical
activity (Orji & Moffatt, 2018), there is potential for DPAs to assist users by
defining exercise programs to increase daily physical activity. According to
World Health Organization (WHO 2018), physical activity has significant health
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benefits, and yet insufficient physical activity is one of the leading risk factors for
death worldwide. More than 80% of the world's adolescent population and 1 in 4
adults are insufficiently physically active. It is therefore important to find ways
to motivate people to become more active.

The relative maturity and stability of conversational agents creates an
opportunity to understand, explore, and expand the capabilities of DPAs as
agents of persuasion. Given their central location in the home and relationship
with the user they are well placed to persuade people to increase physical
activity in their everyday lives. Using DPAs for persuasion is a new research area
in HCI, with limited specific studies, however, there is a substantial existing body
of work around persuasion and voice-controlled systems, early conversational
agents, and embodied conversational agents (ECAs), which informs this research
(Andrews 2012, Bickmore & Picard 2005, Schulman & Bickmore 2009).

To extend existing persuasion through technology research into the new area of
DPAs, we designed a user study to evaluate whether DPAs could persuade people
to exercise. A custom-made DPA was developed specifically to motivate people in
a physical activity session, with user feedback focusing on three of B. ]J. Fogg’s
(2003) persuasive principles: Suggestion, Virtual Reward, and Praise. The study
aimed to assess the persuasive power of digital assistants and compare the effect
of these three different persuasive principles, in the activity context.

Our work contributes to HCI knowledge on DPAs and persuasion in three ways.
Firstly, based on results from the study, we propose that DPAs can be designed
to have the power to persuade people to increase their daily exercise. Secondly,
we show that there is a difference in the ways that the three persuasive
principles examined are able to influence: the amount of physical effort people
put in to exercising; the amount of time they exercise for; and how encouraged
they feel to continue exercising. Thirdly, we outline implications for the design of
persuasive DPAs and future research directions identifying the need for more
research to understand the potentials and pitfalls of persuasive DPAs. Our study
takes an initial step in exploring and understanding this new research area.

2. Background on Fogg’s Persuasion Principles

Persuasion is defined as “an attempt to change attitudes or behaviors or both” by
B.]. Fogg (2003), who is a pioneer in studies of persuasion and computers. In
1998, Fogg (1998) defined a persuasive technology as “an interactive technology
that attempts to change people’s attitudes or behaviors in some way”. Fogg (2003)
later defines a Functional Triad (Figure 1) with 16 associated principles of
persuasion, acknowledging that there are many different ways that technology
can persuade. The Functional Triad is a conceptual framework illustrating the
three key persuasive roles a computer technology can have: Tool, Medium, and
Social Actor.



Accepted manuscript for Behaviour and Information Technology

Tool « Making target behaviour easier to do
Increases + Leading people through a process
capability + Performing calculations or

measurements that motivate

« Allowing people to explore cause-and-

Medium effect relationships
Provides + Providing people with various experiences
experience that motivate

+ Helping people rehearse a behaviour

Social Actor * Rewarding people with positive feedback
Creates * Modeling a target behaviour or attitude
relationship + Providing social support

Figure 1: Fogg’s Functional Triad: Tool, Medium, Social Actor.

Technology as a Tool increases capability and persuades by making desired
outcomes easier or more efficient to achieve for the user. There are 7 associated
principles: Reduction, Tunnelling, Tailoring, Suggestion, Self-Monitoring,
Surveillance, and Conditioning. Technology as a Medium persuades by providing
the user with compelling simulations and focuses on creating experiences for the
user. There are 4 associated principles: Cause and Effect, Virtual Rehearsal,
Virtual Rewards, and Simulations in Real-World Contexts. Technology as a Social
Actor persuades by using a variety of social cues that elicit social responses from
the human user and focuses on creating a relationship between the technology
and the user. There are 5 associated principles: Attractiveness, Similarity, Praise,
Reciprocity, and Authority.

Rather than attempting to compare all 16 principles, as our starting point for
investigating the persuasive powers of DPAs, we chose to compare the 3 roles of
Tool, Medium and Social actor, as represented by one of the principles associated
with each. The choice of specific principle was based on a simple selection
process within the team of researchers where each researcher nominated one
specific principle per role based on their experience with DPAs and personal
physical exercise routines. This was followed by a simple count of majority, and a
discussion of rationales behind nominations until consensus had been reached.
The process revealed a very high level of consensus, and the team of researchers
subsequently agreed on the chosen set of principles for the study.

Representing the Tool role, we chose the principle of Suggestion. For the Medium
role the principle of Virtual Reward, and for the Social Actor role the principle of
Praise.

Fogg (2003) defines these principles as:

e Principle of Suggestion: A computing technology will have greater
persuasive power if it offers suggestions at opportune moments.

e Principle of Virtual Reward: Providing a motivating simulated
environment in which to rehearse a behaviour can enable people to
change their attitudes or behaviour in the real world.

e Principle of Praise: By offering praise, via words, images, symbols, or
sounds, computing technology can lead users to be more open to
persuasion.
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The Suggestion principle is about intervening at the right time and often builds
upon people’s existing motivations, reminding people that “Now would be a good
time to do X”. Virtual Reward can create situations that reward and thereby
motivate people to do a target behaviour, giving users a more enjoyable
experience and a more positive attitude toward the target behaviour. Using
Praise, the technology expresses respect, approval, or gratitude towards the
user’s current behaviour or attitude, instilling positive feelings in the user and
making them more susceptible to persuasion. These persuasive principles played
a crucial role in the development of the DPA and guided the analysis of data as a
theoretical lens.

Although voted out in favour of the Suggestion principle, the principle of Self-
monitoring was discussed as a potential candidate for representing Technology
as a Tool. The reason for this cast of votes was partly 1) that Self-monitoring had
already been investigated in related work on activity sensing devices (e.g.
Consolvo et al. 2006, de Oliveira & Oliver 2008, Foster et al. 2010, Fritz et al.
2014, Hirano et al. 2013, Jensen et al. 2010, Lin et al. 2006, Mateevitsi et al. 2014,
Purpura et al. 2011, Toscos et al. 2006), and partly 2) that we wanted to explore
a principle that would allow the DPA to play a more proactive role in the
persuasion - i.e. making proposals - rather than merely reporting back the user’s
performance.

3. Related Work

In this section, we present related research on DPAs in HCI and broader research
on digital persuasion and physical activity. We did not find specific research on
the persuasive power of voice-controlled DPAs, however, we report on studies
looking at persuasion through earlier voice-controlled devices.

3.1. Digital Personal Assistants

Most current research on DPAs focuses on empirical studies investigating how
digital personal assistants are used and perceived (Leahu et al. 2013, Porcheron
et al. 2018, Pradhan et al. 2018, Pyae & Joelsson 2018, Wulf et al. 2014), the
challenges surrounding speech interaction (Hong & Findlater 2018, Murad et al.
2018, Myers et el. 2018, Springer & Cramer 2018), how to evaluate voice-
interfaces (Ghosh etal. 2018, Hura 2017), as well as exploring DPAs future
design considerations (Danielescu & Christian 2018, Fitton et al. 2018, McGregor
& Tang 2017, Vtyurina & Fourney 2018).

Porcheron et al. (2018) define a DPA as “embodying the idea of a virtual butler
that helps you ‘get things done’”. The first well-known commercially available
DPAs were on smartphones, for example, Siri and Google Now (today known as
Google Assistant). The assistants evolved from being software-only programs to
having their own physical form, where we now have speaker devices such as
Amazon Echo, Google Home, and Apple’s HomePod housing the digital assistants.
In recent years, these physical devices have rapidly gained in popularity. In the
US, 21% of the population now own at least one smart speaker, a 78% increase
year over year, with 52% of owners using them daily (NPR 2019). Smart speaker
ownership in the US rose 40% from 2018 to involve 66.4 million people and 133
million devices (Kinsella 2019). In 2019, China reached 10.6 million devices, a
500% increase from the previous year (Canalys 2019). Their most common use
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includes planning (e.g., to-do lists, calendars, reminders), searching for
information (e.g., news, traffic, weather), controlling smart home accessories
(e.g. lights, locks), and entertainment, such as streaming video, streaming music,
and playing games (Kinsella 2019, Porcheron et al. 2018, Pradhan et al. 2018).

In HCI research, DPAs have been studied in different domains and contexts. The
focus has often been on empirical studies investigating how DPAs are used and
perceived by people (Leahu et al. 2013, Porcheron et al. 2018, Pradhan et al.
2018, Purington et al. 2017, Pyae & Joelsson 2018, Wulf et al. 2014). Other
studies focus on the challenges of speech interaction (Hong & Findlater 2018,
Murad et al. 2018, Myers et al. 2018, Springer & Cramer 2018), for example, the
challenges with specific types of words and named content, as well as how users
overcome speech recognition errors. Speech interactions are also difficult to
evaluate, as established techniques, like thinking aloud does not apply well due
to the nature of speech interaction. Therefore, studies have also focussed on how
we can evaluate speech interfaces (Ghosh et al. 2018, Hura 2017). Studies also
suggest and show how we can improve the interactions with DPAs by adding
continuous conversations (Vtyurina & Fourney 2018) and personalities
(Danielescu & Christian 2018). Finally, there are studies that look into the future
possibilities for DPAs, for example, how they can be used in workplaces
(McGregor & Tang 2017) or how they can become a more significant part of
future smart homes (Fitton et al. 2018). However, at present DPAs are primarily
reactive, responding to conversational inputs from users, limiting the motivation
and support they can give users (Meurisch et al. 2017).

3.2 Digital Persuasion and Physical Activity

Persuasion for physical health is a central theme in the field of digital persuasion.
As described in a recent review of state-of-the-art and emerging trends in
persuasive technology by Orji & Moffatt (2018) the evolving field of persuasive
technology has in the last decade been increasingly targeting its efforts at
creating behaviour changes in relation to people’s well-being and health.
According to this review, as much as 38% of all studies reviewed was concerned
with physical activity, with 75% of this research reporting fully positive results.

The attraction towards applying persuasion for physical activity goes for
development of new persuasive consumer products, research into interactive
technologies for persuasion, and research into the underlying principles of
persuasion in themselves. In commercially available products, persuasion has
often been applied to help users track their physical activity, for example
through mobile and wearable devices like Apple Watch, FitBit, or Garmin
Vivosport, and through apps and services for managing their physical training
program, like Bytesize’s “7-minute workout” making you your own personal
trainer to lose weight and get fit with fast, simple daily workouts, and Active’s
“30-day fitness challenge” giving you a tailored different mini-challenge each day
for a month. In human-computer interaction research, applications of different
persuasive approaches have been studied in the context of physical activity using
several technologies. Most commonly used are tracking devices that monitor
users’ physical activities like the increasing range of commercially available
products mentioned before (smartphones, fitness trackers, and other smart
sensors) but combined with experimental, research-driven, software. These
tracking devices collect sensor data from their user, which can then be applied in
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combination with different persuasive principles. Specific studies include the use
of sensor data in physical standalone devices (Mateevitsi et al. 2014), in
companion applications on smartphones (Consolvo et al. 2006, de Oliveira &
Oliver 2008, Hirano et al. 2013, Jensen et al. 2010, Purpura et al. 2011, Toscos et
al. 2006), and on computers (Foster et al. 2010, Lin et al. 2006). These
applications typically display statistical data through dashboards, gaming
experiences, social facilitation, or as comparisons. They also typically visualize a
user’s physical activity through metaphors of, for example, a flower field or a fish
tank. Other studies look at how to persuade users to be physically active while
being outside in motion, for instance, through voice input in the user’s ear while
exercising (Eyck et al. 2006) or installations embedded in the surroundings
(Peeters et al. 2013, Singh & Mathew 2007). In relation to B. J. Fogg’s particular
theories and principles on persuasion in the HCI literature, these have been
studied, for example, for encouraging teenage girls to exercise (Toscos et al.
2006), to motive athletes during virtual coaching sessions (Eyck et al. 2017), and
in the context of gamful systems for the health domain (Orji et al. 2018).

Persuasion has been studied in HCI research across multiple technologies and
information platforms to see how they can be designed to persuade users to
change behaviour for improved health and wellbeing (e.g. Eyck et al. 2006,
Gram-Hansen et al. 2018, Lin et al. 2006, Peeters et al. 2013, Purpura et al. 2011,
Singh & Mathew 2007, Win et al. 2019). There are also software design patterns
for persuasive computer-human dialogue around reminding, rewarding and
feedback (Oduor et al. 2017). In a recent survey of persuasive technology for
health and wellness it was reported that while 72% of the 85 studies reviewed
used the original conceptualization of persuasive technology by Fogg (2003),
generally the studies looked at other behaviour-related or psychological
outcomes beyond changing behaviour and attitudes (Orji & Moffatt 2018).
Hence, most studies of persuasive design use B. J. Fogg’s notions of persuasion or
use the PSD model for designing and evaluating persuasive systems, built on
Fogg’s principles (Oinas-Kukkonen & Harjumaa 2009). Additionally, some
designs use feedback from digital technology to disrupt and change undesired
habits (Hermsen et al. 2016) while others reinforce and strengthen existing
behaviours (Orji & Moffatt).

3.3 Persuasion through Conversational Agents

Voice interfaces have attracted considerable research interest in recent years
(Feine et al. 2019) and are seen by many as the “next big thing” (Fglstad &
Brandtzaeg 2017, Whitenton 2017). As such, they present opportunities for
human-computer interaction design for persuasive technologies. Conversational
agents are software-based systems designed to interact with people using
natural language, and have many different names, from

conversational /virtual/digital agents or assistants through to chatbots or
chatterbots. In recent years, many service providers have moved to using
chatbots to enable users to access content or services by asking verbally or
typing questions and commands in their everyday language (Brandtzaeg &
Fglstad 2018). DPAs are a specific kind of voice-activated digital assistant, and as
the name suggests, they are usually associated with personal technologies. The
advantage of DPAs over chatbots and other generic voice interfaces is that they
are able to create a personalized service through connectivity to the home’s
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digital ecosystem and IoT devices, giving them access to stored information
about the user. It is the “human-like” interactions of digital personal assistants
like Siri (Apple, 2011), Google Now (Google 2012), Cortana (Microsoft, 2015)
and Alexa (Amazon, 2015) that make them so popular. They not only support
real-time task completion but also develop sufficient knowledge about the user
in order to act on their behalf (Luger & Sellen 2016). Research in this area
includes understanding how the perceived personality of the system can affect
its trustworthiness and persuasiveness (Andrews 2012), using an ECA to
persuade university students to walk more and improve their physical condition
(Bickmore & Picard 2005), and using an interactive counselling dialogue with an
ECA to persuaded users to change attitudes towards regular exercise (Schulman
& Bickmore 2009).

4. User study

To assess the persuasive capabilities of DPAs, we designed a controlled
laboratory study in which a custom-made digital assistant, called Ida (Intelligent
digital assistant), was used to both facilitate a physical exercise session and act
as a motivator during various exercises. The focus of the study was to assess the
general persuasive capabilities of Ida, as well as specifically compare the three
persuasion principles.

We designed a within-group repeated measures study in which Ida provided
four different types of feedback during an exercise session: 1) Suggestion, 2)
Virtual Reward, 3) Praise, and 4) No Feedback. The effectiveness of each
condition in motivating participants to exercise was measured on a number of
dependent variables, including Time on Exercise, Number of Repetitions and
Average Heart Rate. In the following sections, we provide a description of Idaq,
participant details, tasks, setup, procedure, materials and measurements in our
user study.

4.1. Ida as a Persuasive DPA

For this study, we developed a customized DPA to minimize participant prior
experiences and/or bias towards a specific device or brand. Ida was created
using components from a Google AlY Voice Kit!l. It contains a microphone, a
speaker, and an LED button on top which lights up to indicate Ida is listening for
commands (see Figure 2). Ida is connected to the Google Cloud Services? of
speech-to-text and text-to-speech to process voice commands and to produce
voice outputs, respectively. Voice input is restricted to “yes” and “no” commands
to minimize voice recognition errors.

!https://aiyprojects.withgoogle.com/voice/
2 https://cloud.google.com/
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Figure 2: Ida — customized digital personal assistant

Ida was designed to conduct an entire exercise session without researcher
intervention. Ida welcomed participants and introduced them to each individual
exercise. It provided precise and clear instructions throughout the session. The
main purpose was to guide participants through the exercises, with the four
different feedback conditions: Suggestion, Virtual Reward, Praise, and No
Feedback. Ida was also designed to help participants relax between exercises
with calming breathing exercises.

4.2. Participants

A total of 48 volunteers (26 males and 22 females) participated in the study.
They were recruited from a variety of sources, including social media, but most
of them were volunteers from the Computer Science department of Aalborg
University. Their age ranged from 17-56 years, with an average age of 28.3 years,
with a standard deviation of 9.4. According to a self-assessment questionnaire,
administered before the study, 27 of our participants considered themselves to
be physically active while the remaining 21 were neutral or not active at all.
Twenty participants regularly used an activity tracker of some type (e.g. mobile
app, smartwatch). In regard to previous experience with DPAs, 11 reported that
they were using them frequently, 24 that they had tried using them at some
point, while 13 had no previous experience with them whatsoever. Seven of the
participants that reported using DPAs frequently had a physical device at home,
while the remaining four interacted with the DPA on their mobile device.

4.3. Tasks

To test the different persuasive feedback types, we chose four different physical
exercises as tasks in our study. Each of the exercises focused on different muscle
groups to minimize participant fatigue and carry over effects. The exercises
were: jumping jacks, lunges, bent over flys, and shoulder presses. For each
exercise a short video was created to demonstrate how it should be performed
and ensure that all participants had a common understanding of what they
should do. Participants were asked to perform each exercise for as long as
possible but were free to stop whenever they wanted. Although it was not
technically implemented, in the spirit of Wizard of Oz evaluation for intelligent
agents (Maulsby et al. 1993), participants were given the impression that during
the session, Ida would give them feedback on their actual performance.
Participant’s belief that this was the case was reinforced through Ida’s feedback
referencing their current activity, and the fact that they all wore a Fitbit
monitoring device connected to Ida. In reality, each exercise and persuasive
feedback type were randomized for each participant using the Graeco-Latin
square design, to account for differences between the exercises and to control
the impact of fatigue and learning effect between each condition. We
standardized the number of feedback messages participants received during the
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exercises across all conditions, because we wanted to compare the three
persuasive principles.

Ida’s persuasive feedback was designed so it could be used regardless of which
exercise the feedback was matched to. The feedback comments for each
condition followed a predetermined pattern. The first feedback comment was
given 8 seconds into the exercise, the next after 10 seconds, afterwards the time
interval between feedback comments was incremented by one second each time.

Ida’s feedback comment for each of the four conditions supported or persuaded
the exerciser to keep going. In the Suggestion condition, Ida would suggest either
to keep exercising or to put more effort into the exercise. To encourage the
person to keep going, Ida would say, e.g., “May I suggest you keep doing the
exercise for a longer period of time” or “Since you have already done the exercise
for some time, I bet you can do it for a little longer.” To suggest an increase in
effort, Ida would say, e.g., “What about putting all the energy you have into the
exercise” or “Try to put even more effort into your movements”.

During the Virtual Reward condition, each timed feedback comment was
regarded as a level achieved. Ida played a musical fanfare as encouragement,
saying “Level One” the first time, and increasing the level count each time
feedback was given. Virtual rewards work best inside a virtual environment, so
for the sake of this experiment, we created an imagined virtual audio
environment of a fitness training class/session and chose to provide “rewards”
in the simple form of audio accolades, providing the vicarious experience of
achieving a “win”, as you might in a race or when competing against others.

In the Praise condition, Ida would praise the participant’s persistence, elevated
heart rate, and deliver a supportive positive accolade about the participant. The
Praise feedback, for example, included Ida saying, “What a great start”, “You are
doing very well”, “Your persistence shows that you don’t give up so easily” or
“Based on your high heart rate, I can see you are putting a lot of effort into the

exercise”.

In the No Feedback condition, Ida did not give any feedback. This condition’s
purpose was to provide a baseline for the study to compare to the three
persuasive feedback types.

The specific sentences used for the Suggestion and Praise conditions were
selected as possible examples of what a DPA might say to the user in order to
either advise on or applause their physical activity. The process of developing
the specific sentences took place over several iterations in the research team,
until consensus on a final set of sentences had been reached. As guiding
principles, we wanted a set of sentences that included both short (less than 10
words) and medium long ones (10-20 words), as well as using different types of
suggestions and appraisals. We also wanted the sentences to reinforce the
perception that Ida was responding the users’ actual physical performance. As at
this point in our studies, we are interested in the overall persuasive principles,
rather than the specific wordings used, no further measures were made to
compare between different sentences.
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4.4, Setup

The study was conducted in a space set up to resemble a living room. Common
living room furniture (e.g., sofa, coffee table, cupboards, lamps, plants) was
placed in the room, with Ida (Figure 3). There was sufficient space in the middle
of the room for the participants to comfortably perform the exercises. Ida was
connected to an activity tracker (Fitbit) that the participants wore during the
study. A Chromecast was connected to a TV, which was used to show the exercise
videos. The study facilitators were sitting outside the study space and were able
to observe participants through a camera positioned in the top right corner of
the room, providing a good view of participants’ activities.

s
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Figure 3: Layout of Simulated Living Room Setup.

4.5. Procedure

The study procedure was as follows. First, a brief introduction about the purpose
of the study, and how it would progress was provided. Participants were
informed that the potential of digital personal assistants in facilitating exercise
sessions was being explored. It was not made explicit that comparisons were
being made on the effectiveness of different persuasive feedback types. Next,
participants were asked to sign a consent form and were handed an activity
tracker which they were asked to wear for the duration of the study. Shortly
after this, the facilitator and observer left the room and from that point, Ida gave
all instructions and guided participants through the various steps of the study.

After welcoming participants, Ida outlined the whole exercise session and
explained the various exercises they would perform. Ida also explained that
participants should exercise for as long as possible but were free to stop
whenever they wished and should end each exercise session by pressing the lit
button on the top of the speaker. For each exercise, Ida showed a video on the TV
screen, via the Chromecast, describing in detail how each exercise should be
performed. After participants verbally confirmed that they were ready to begin,
Ida spoke a short count down (i.e., “4-3-2-1-go”) to start the exercise session. Ida
would then interject with feedback in the predetermined pattern, with the
content based on one of the four conditions, as if it was responding to the
participant’s actual physical activity. After each exercise, the participant had a
one-minute break where Ida played a breathing exercise video on the TV, to
relax and lower the participant’s heart rate before the next exercise.

After the break, Ida would introduce the next exercise, which would then follow
the same procedure, except it would deliver feedback using a different

10
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persuasive feedback type. After the participant had completed all four exercises,
with all four conditions, Ida thanked them for their participation and said
goodbye. The facilitator would then enter the room and ask the participant to fill
out a questionnaire and then interview the participant. Sessions lasted from 25
to 58 minutes, with 35 minutes on average.

4.6. Measurements

The depended variables used to determine the effectiveness of Ida’s persuasive
feedback included observed behaviour, physiological measures and participant
self-reported data. Measured data included Time on Exercise, Number of
Repetitions, and the participants’ Average Heart Rate during each of the
conditions. Time was measured from the end of Ida’s countdown (i.e., on “go”) to
the point when the participant pressed the button to end that exercise.
Repetitions were counted by the observer using a tally counter. The heart rate
data was collected through the activity tracker and used to calculate the peak
and average heart rate, to determine a participant’s physical effort.

Demographic information about gender, age, experience with digital personal
assistants (both on phones and physical devices), their motivation to track their
physical activity, and how physically active they perceived themselves to be was
collected on each participant.

The participant’s self-reported data was gathered using the post-experiment
questionnaire and the semi-structured interview. In the post-experiment
questionnaire, participants were asked to rate how motivating they found Ida
during each condition on a unipolar 5-point Likert scale, responding to questions
like “I thought IDA was motivating during the lunges exercise”. Since conditions
and exercises were mixed for each participant results were cross-referenced
with our Latin-square design sheet to assign ratings to the persuasion technique.
In the semi-structured interview, participants were interviewed about their
overall experience of interacting with Ida during their physical exercises.
Specifically, they were asked to reflect on their experience with each one of the
four different types of feedback separately. Apart from that, participants were
asked what they liked or disliked about their interaction with Ida and if they
could see themselves using something like this to support exercise at home.

5. Statistical findings

The results of our data analysis aimed to assess the persuasive abilities of Ida in
the context of physical activity. The main goal was to assess how effective the
persuasive feedback types of Suggestion, Virtual Reward, and Praise were
compared to the No Feedback condition. For the dependent variables that were
measured on an interval level (i.e. Number of Repetitions, Time on Exercise,
Average Heart Rate) one-way repeated measures ANOVA were performed
followed by post-hoc tests using the Bonferroni corrections. A Friedman test was
performed for the dependent variable of Perceived Motivation followed by a post-
hoc analysis with Wilcoxon signed-rank test for pairwise comparison of the
persuasive feedback types. In addition, two-way repeated measures ANOVA’s
were performed to examine whether persuasion effectiveness differed
significantly amongst any of the participant demographic categories (e.g. gender,
age, prior activity levels, or experience with DPAs). The two-step transformation
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approach (Templeton 2011) was used for the dependent variables of Number of
Repetitions, and Total Time on Exercise since both Shapiro-Wilk, and Bartlett
tests showed that they were not following a normal distribution.
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Figure 4. Comparison of the four conditions: Suggestion, Virtual Rewards, Praise, and No Feedback
(error bars represent standard deviations).

5.1. Repetitions

We found statistically significant differences in the number of repetitions
participants performed among the different persuasive conditions
(F(1.97,86.85) = 7.44, p =.001, n; =.145). Greenhouse-Geisser corrections were
applied to within-subject effects to compensate for violations of sphericity. As
seen in Figure 4a participants performed more repetitions during Virtual
Reward (M = 78.70, SD = 67.90) followed by Praise (M =57, SD = 39.40) and
Suggestion (M = 56.60, SD = 32.30). The smallest number of repetitions was
performed during the No Feedback condition (M = 46.70, SD = 27). Post-hoc
comparison with Bonferroni corrections revealed that participants performed a
statistically significant higher number of repetitions during Virtual Reward
compared to the No Feedback condition (p =.006). The number of repetitions
also differed significantly between the Virtual Reward and the Praise conditions
(p =.049). Even though, we found variation in the number of repetitions
performed among the various persuasive conditions, the feedback type that
clearly stands out for its effectiveness is Virtual Reward.

Mixed model repeated measures ANOVA performed with demographic variables
as between subjects factors showed a significant interaction effect between
persuasive feedback type and gender (F(2.03,87.34) = 4.8, p =.01, n; =.10).
Follow up tests showed that in the Virtual Reward condition, males (M = 98.92,
SD = 82.08) performed almost double the number of repetitions compared to
females. Independent t-tests showed that only in the Virtual Reward condition
there was a statistically significant effect of gender on number of repetitions (t
(46) =-2.213, p =.032). We also found a significant interaction effect between
persuasive feedback type and how physically active participants considered
themselves to be (F(4.23,88.84) = 2.93, p =.023, n;, =.123). Physically active
participants on average performed more repetitions than others but the
difference was only statistically significant in Virtual Reward (t (46) =-2.85,p =
.006) and in the Praise (t (46) = -2.78, p =.008) conditions. Physically non-active
participants performed better in the Suggestion condition followed by Virtual
Reward.

12
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5.2. Time

Results showed statistically significant differences in the time participants spent
exercising, among the four persuasive conditions (F(2.06,88.71) = 4.81, p =.001,
np =.101). As it was the case for Number of Repetitions, in Total Time on Exercise
the sphericity assumption was also violated and therefore Greenhouse-Geisser
corrections were applied.

Figure 4b shows that the average time participants spent exercising in each
condition varied considerably: No Feedback (M = 110.81, SD = 68.33), Praise (M
=124.95, SD = 70.39), Suggestion (M = 119.06, SD = 46.16), and Virtual Reward
(M =162.36,SD = 133.26). However, post-hoc comparisons with Bonferroni
corrections revealed that only the time difference between Virtual Reward and
the No Feedback condition was statistically significant (p =.032). Mixed model
repeated ANOVA’s that were conducted did not reveal any significant main or
interaction effects between Time on Exercise and any of the demographic
categories.

5.3. Heart Rate

Results from the one-way repeated measures ANOVA show a statistically
significant main effect of persuasive feedback type on Average Heart Rate (F (3,
141) = 10.498, p <.001, n; = .183). Figure 4c illustrates that the condition with
the highest average heart rate was Suggestion (M = 108.85, SD = 18.60), followed
by Virtual Reward (M = 106.96, SD = 15.03), Praise (M = 101.65, SD = 15.06), and
finally the No Feedback condition (M = 95.15, SD = 14.74). Post-hoc comparisons
with Bonferroni corrections show that the difference in Average Heart Rate was
statistically different between the No Feedback condition and all persuasive
feedback types. The level of significance for both Suggestion and Virtual Reward
compared to the No Feedback condition was p <.001 while for Praise it was p <
.036. These results show that the persuasive feedback types were very effective
in convincing participants to put more effort into exercising which was reflected
in elevated heart rate for all of them.

Mixed-model ANOVA tests showed an interaction effect between gender and
Average Heart Rate (F (3, 138) = 4.17, p <.007, n;, = .083). This can be mainly
attributed to the differences in the Suggestion condition (t (46) = -2.04, p =.047)
in which male participants (M = 113.7, SD = 20.70) showed a significantly higher
heart rate than female participants (M = 103.10, SD = 14.2)0. None of the other
demographic data had a significant main or interaction effect on Average Heart
Rate.

5.4. Perceived Motivation

Since Perceived Motivation was measured on a 5-point Likert scale we performed
a Friedman test (non-parametric alternative to repeated measures ANOVA) to
assess whether there were differences in how the persuasive feedback types
were perceived by the participants. The test revealed that there was a
statistically significant difference in how motivated participants felt during the
persuasive conditions x2(3) = 41.25, p < 0.001. Figure 4d shows that the highest
rated condition was Virtual Reward (M = 4.19, SD = .842), followed by Praise (M
= 3.75,SD = 1.16), and Suggestion (M = 3.15, SD = 1.19). The lowest rated
condition was No Feedback (M = 2.35, SD = 1.26). Our results indicate that
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participants perceived some of the conditions more motivating than others. Post
hoc analysis with Wilcoxon signed-rank test showed that there was a statistically
significant difference in how motivated participants felt during Praise (Z = -

4.09, p <.001), Suggestion (Z =-2.49, p =.013), and Virtual Reward (Z=-5.0,p <
.001) compared to the No Feedback condition. In addition, we found significant
differences between Suggestion and Praise (Z =-2.76, p =.006), as well as
between Suggestion and Virtual Reward (Z = -4.02, p <.001). These results show
that participants felt motivated by all persuasive feedback types and that Virtual
Reward was the one they preferred most.

5.5. Summary of Statistical Findings

Results of the quantitative analysis revealed all three of the persuasive feedback
types had an effect on how much effort participants put into exercising
compared to the No Feedback condition. Participants had a significantly higher
Average Heart Rate when Ida was using any of the persuasive feedback types
compared to no feedback at all. On average participants performed more
repetitions and spent more time exercising in the persuasive conditions
compared to the one with no feedback but those differences were statistically
significant only for the Virtual Reward condition. In addition, all feedback types
affected significantly the perceptions of how motivated participants felt
compared to the No Feedback condition. By comparing the three conditions to
each other we can see that they vary on average considerably (see figure

4). Virtual Reward performed better regarding time on exercise, repetitions, and
perceived motivation while Suggestion outperformed the others in heart rate
elevation. However, those differences were found to only be

statistically significant for the number of repetitions between Virtual Reward
and Praise (p =.032) and for perceived motivation between Suggestion and
Praise (p =.006), as well as Suggestion and Virtual Reward (p <.001).

Further analysis showed that each persuasive feedback type affected our
participants differently. Out of the three types Virtual Reward was the most
effective. In this condition participants performed the most repetitions, they
spent the most time exercising, and they also rated it as the most motivating
compared to the others. The persuasive effect of Virtual Reward was significantly
higher for males as well as physically active participants. The Suggestion
condition, on the other hand, was rated lowest in regard to Perceived Motivation
but was the best at encouraging physical effort, as it had the highest effect on
participants Average Heart Rate. However, Average Heart Rate data analysis
showed that Suggestion worked better for males while Virtual Reward worked
better for female participants. Finally, participants perceived Praise as being the
second most motivating feedback type, but the measurements did not support
this perception since it was last in elevating heart rate and not significantly
better than Suggestion or the No Feedback condition in Number of Repetitions or
Time on Exercise. Age, previous experience with PDAs or fitness trackers did not
affect any of the results.

With regard to demographic data, in most cases mixed model repeated ANOVA’s
did not reveal significant main or interaction effects between dependent
variables and any of the demographic categories. The only exceptions were
interaction effects in regard to gender and number of repetitions as well gender
and heart rate elevation. We also found interaction effects between prior
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physical activity and number of repetitions in the Virtual Reward and in the
Praise condition.

6. Interview Findings

Transcribed interviews on participants’ experiences with Ida and observations
made during the studies were analysed in NVivo using a top-down approach.
This included themes that evolved from topics in the interview guide, including:
the three persuasion principles of Suggestion, Virtual Reward and Praise,
Interaction with Ida and Future Use. Successful suspension of disbelief with
respect to Ida knowing about the users’ exercise performance was supported by
the comments that they made during the interviews, confirming that the Wizard
of Oz approach worked as intended in our study.

6.1. Suggestion Condition

In the Suggestion condition, Ida was seen as giving constructive criticism.
Fourteen participants spoke positively about getting suggestions from Ida,
indicating that it helped them push themselves to exercise more, with comments
like, “I definitely believe it helps me set the bar higher”. When Ida came with a
suggestion to keep going, one participant replied with “I am sure you [Ida] think
so”. However, Ida was often seen as a tough coach, with 31 participants either
reacting to Ida’s feedback directly, with participants observed telling Ida to “Shut
up”, while others complained afterwards, with comments like, “She [Ida] is
making a fool out of me”, “I was thoroughly provoked”, and “If I am already
working my ass off, it cannot continue saying that I need to be doing a better job!”.
However, although Ida provoked complaints, the participants did not say that
this had any adverse effect on their motivation to exercise. Through observation
we learned that 16 of the participants listened and specifically reacted to Ida’s
effort related suggestions during the exercise, for example, when Ida said, “I
suggest you put some more energy into your movements”, the participants actually
did so.

6.2. Virtual Reward Condition

The Virtual Reward condition was the most popular of the four conditions, with
39 participants speaking positively about it motivating their activity. Participants
identified Virtual Reward as a game and described it as a “fun” experience.
Several participants talked about Ida as either a personal trainer or a companion
to exercise with: “It is very fun if you don’t have a partner to exercise with ... then
you're not on your own”. Interestingly, many of the participants really liked the
competition aspect of the Virtual Reward condition. They wanted Ida to keep
track of their performance over time so that they could beat their previous
results. There were also some who wanted to compete against others, saying, “I
want to be the best”.

Participants shared many theories and preferences as to how these levels should
be achieved, such as “time”, “heart rate”, and “repetitions”. A general opinion
amongst participants was that the metric should be known by the user before
the exercise session, to better understand when rewards were given. Several
participants mentioned setting a goal during the exercise, for example, “T will
take it to [level] 10 now”. In some instances, they reached their precise goal while
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others reported thinking to themselves things like, “Aaah, one more [level]!”.
However, a few participants wanted more guidance and wished that Ida would
set a goal for them as a human fitness coach would.

6.3. Praise Condition

In general, participants perceived the Praise condition as positive. Twenty-three
participants said that they liked the reassurance from Ida, and it motivated them,
for example, “You felt that you were doing something right, [ wanted to continue
for longer”. In particular, participants who considered themselves to be
beginners at physical activities said it was helpful to be praised, for example, “I
am not that active, so I would prefer praise instead of a stick, as a carrot is better
for beginners.” Participants also replied to Ida’s praise, for instance, saying
“Thank you”, and “You are also doing great Ida”.

Sixteen participants said they did not like praise, explaining that although they
liked the “good guy”-attitude they did not find Praise motivating, for example, “It
makes me stop because she [Ida] is actually satisfied” or “The praise does nothing
for me - the fact that I raised my arm 10 times is no big deal”. One participant was
observed telling Ida to “be quiet” and ended the exercise quickly explaining she
generally disliked being praised. Many participants thought Ida’s praise was
lacking sincerity, based on tone of voice. They characterized Ida’s tone as being
sarcastic, which did not encourage them, especially with respect to the effort
they felt they were putting in. Some further explained that if Ida is supposed to
motivate users to do physical activities, it needs to have a more enthusiastic tone
of voice.

6.4 Summary of Interview Findings

Results of the qualitative analysis also revealed that all three of the persuasive
feedback types had a positive effect on persuading participants to continue
exercising and putting effort into it. However, this was achieved to differing
degrees, and depended on individual preferences for training approaches, tone
of voice and the level of exercise experience that the participant had.

In general, positive responses to the Suggestion condition related strongly to the
type of human coaching that an individual responded to. Some people respond
well to the tough coaching approach, which Ida was primarily perceived as
representing, while others were upset or annoyed by it, and even verbally
responded to Ida by telling her to shut up. Overall, participants were most
positive about the Virtual Rewards condition, enjoyed getting the reward, and
the sense of progress and competition that this type of feedback promoted. The
Praise condition was influenced by whether individuals enjoyed being praised in
their lives, and also, whether they felt the praise was warranted. The tone in
which the praise was given, felt to be sarcastic, and lacking sincerity and
enthusiasm, influenced how well accepted it was by different participants.

In the end, 35 participants stated they could see themselves using a system like
Ida in their own homes to support their exercising. The remaining 13 could not
see themselves using Ida, as they already had well-established fitness routines
and did not find technology particularly motivating.
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7. Discussion

The question driving this study was “can digital personal assistants persuade
people to exercise?”. Our findings show that DPAs have the potential, within their
current technical and reactive limitations, to persuade people to increase their
physical activity at home, using Suggestion to encourage physical effort, Virtual
Reward to encourage endurance, and Praise to create reassurance for beginners.

Our evidence is both quantitative and qualitative, collected through 48 people
participating in an exercise routine managed by a DPA giving persuasive
feedback, in a simulated home environment. With respect to our combined
findings, we identified significant statistical differences between the No
Feedback condition and the three persuasive feedback types we evaluated, as
well as interview findings that supported the statistical findings.

Feedback based on Suggestion had the highest effect on participants’ average
heart rates. Although Suggestion was rated during interview as the least
motivating of the three feedback types and described as being very negative,
there were indications that it was the best at encouraging physical effort.
However, we acknowledge the negative responses to suggestions given was
influenced by the actual wording of the suggestions in our system, and the tone
of voice used by Ida to give these suggestions. This indicates that greater care
needs to be taken in these aspects of feedback when making suggestions to
people who are busy with the primary activity of doing exercises.

Virtual Reward showed the most promise, as it had the highest effect on
repetitions, time, and participants’ perceived motivation. At the same time, it was
reported in interview as the favoured feedback type because it was considered to
be fun, game-like and motivated them the most to keep on going.

Praise was felt by participants to lack sincerity but was otherwise mentioned as a
positive reassurance. Many participants indicated that Praise would be best
suited to beginners or in combination with the other two persuasive feedback
types. As there was a pre-defined set of phrases for praising participants, this did
not account for those at different levels of fitness and experience with exercising,
and what was considered challenging and difficult for beginner exercisers, was
considered easy, and not praise worthy, by experienced exercisers.

Consequently, we found that there were key differences between the three
persuasive principles and their potential uses in persuading people to increase
their physical activity. Suggestion could be used for strength training, where the
focus is on getting a higher heart rate over a shorter duration. Virtual Reward
could be used for cardiovascular exercises (e.g. running, cycling), where there is
often more focus on endurance. Praise could be used for beginners or to
strengthen the two other persuasions.

7.1. DPA as Tool, Medium and Social Actor

Relating our findings to B. ]J. Fogg’s Functional Triad (Fogg 2003), participants
expressed different improvements that could be made to Ida, and in general,
these improvements align with Fogg’s three persuasive roles for technology:
Tool, Medium and Social Actor. In the Tool role, we saw improvements such as
providing the user with more information (repetitions, time, heart rate), and
integrating account information, specifically calendar data, to tailor the
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persuasion to fit the user and enable the assistant to persuade at the most
opportune moment (i.e. Fogg’s principle of Kairos). In the Medium role, the
improvements mostly involved issues of user experience, with the need for the
addition of fun and achievement rewards into the exercise activity. Participants
enjoyed their virtual coaching session and competition with other imagined
fellow exercisers, giving the impression of not exercising alone. In the Social
Actor role, participants wanted Ida to have a more human voice, express more
sincerity and enthusiasm and act more like a personal trainer or exercise
companion might.

By choosing to explore the opportunities provided by one principle from each of
these three technology roles, designed into the DPA’s feedback, we are able to
provide this comparison between our results and Fogg’s Triad. This gives us the
ability to contribute these new ideas around how DPAs might be used in each of
these roles to help persuade people to exercise. As a Tool, a DPA has the
technical capabilities to provide personalised feedback based on the actual
physiological responses of the person, and their adherence to the exercises
prescribed, including activity specific advice and a gradual increase in difficulty
of exercises as the person improves. As a Medium, DPAs can use voice
interaction to create a virtual auditory environment in which exercisers can
experience a more exciting and motivating environment than their home lounge
room, with rewards for winning and achievements. As a Social Actor, DPAs can
become a personal trainer, taking on individualised tones of voice and turns of
phrase that best suits the exerciser, matching the users feedback-type preference
and current level of exercise proficiency. All of this still assumes a reactive model
of operation, however, as the next generation of proactive DPAs becomes a
technical reality (Meurisch et al. 2017) they will likely offer improved detection
and consideration of user’s fitness goals improving DPA’s abilities to act in these
persuasive roles. Enabling digital personal assistants to be proactive, to have
more sensors, to analyse users, and to have more access to a user’s personal
information, increases the challenges surrounding DPAs and persuasive design.

7.2. Persuasion or Subception

In Denmark, the first widely-used DPA smart speaker to use the Danish language
was Google Home, launched in September 2018. This was followed in the media
by criticisms of Google Home, questioning the continuous recording of users’
conversations and relying on access to their personal data (e.g. Liao 2019). One
participant in our study claimed explicitly that he does not trust DPAs and would
never allow them into his home. Other participants stated they did not want
DPAs to have too much control over deciding when they should be physically
active, indicating that there are problems of trust around DPAs.

B.]. Fogg received criticisms on his work around persuasive technologies,
because persuasion has the potential to do good, but it also has a darker side
where it can be misused for personal or corporate gain. The philosophical
question - is computer-mediated persuasion ethical? (Atkinson 2006) - has been
one of the main concerns regarding persuasive technologies, where use of
subception (short for subliminal perception, meaning when a stimulus occurs
without conscious recognition (Dixon 1958)), is often mentioned as the problem.

18



Accepted manuscript for Behaviour and Information Technology

Advancing the persuasive power of DPAs adds a whole new plethora of concerns.
With their prominent placement in the home and the always-on aspect of the
technology, they have the potential to influence people based on things they have
learned about their users, but which may not have been explicitly shared. For the
most part, DPAs can be beneficial in many ways, and in our study, we saw how
they can help users increase their physical activity. There is much research on
how technology can be used for good within persuasion, for example, helping
people to quit smoking (Paay et al. 2014), achieving weight loss (Purpura et al.
2011), eating a healthier diet (Fadhil et al. 2016, Orji et al. 2013), or being more
sustainable (Aleahmad et al. 2008). Nevertheless, as interaction designers of
technology, we can be blindsided by abundant possibilities, forgetting to look at
potential implications and concerns around new technologies. For example, a
company like Amazon, who is also a web retailer, could perhaps be interested in
making Alexa persuade users to buy more products through their online
services. If DPAs were to be more proactive, it could be just another platform
where political messages and advertisers could invade the privacy of our homes.
If the user is unaware of the persuasion, is being manipulated and misinformed,
it is no longer just persuasion but becomes subception. The question is - where
do we draw the line between persuasion and subception? - and do we trust
manufacturers and third-party developers of DPAs to not misuse the power of
persuasion, because, as Voltaire said, “with great power comes great
responsibility”.

7.3. Implications for Design

Through our study, we learned that designing persuasive DPAs requires
consideration of the fact that people are different and are affected differently by
persuasive feedback. Some people are more motivated by a specific type of
persuasion, for example, some enjoy praise, while others generally dislike it. We
suggest that using a combination of different principles, instead of just one, could
potentially increase the effect of persuasion. We also discovered that to be more
useful and persuasive the DPA needs to be more context-aware and integrated
with the user’s digital ecosystem. For example, using calendar information to
suggest exercise sessions at opportune moments.

Our findings therefore indicate different design opportunities for implementing
persuasion in DPAs. These implementations can be classified into three different
design perspectives: user-controlled, system-automated, and sentient. User-
controlled opportunities can be implemented now, system-automated would
potentially require years of development and sentient DPAs might be realized in
the future.

The user-controlled implementation of persuasion would allow the user to tailor
the DPAs persuasive personality based on their personal preferences. The
drawback is that users will most likely choose a persuasive personality they
enjoy or perceive to be the most motivating, which is not necessarily the
persuasion feedback type that will have the most effect performance-wise.

The system-automated implementation would leverage collected data about the
user, and machine intelligence to achieve the most effective persuasion. The DPA
could try different persuasions, measuring the effects, and then based on the
results, tailor the persuasive feedback type to achieve the best results
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performance-wise for that individual. The persuasion should adapt to the
context and the user’s mood, as persuasion that works in one situation may not
necessarily work in another. For example, on a bad day, the user might not
respond well to a tough coach but would perhaps respond better to an
encouraging coach. Participants’ feedback showed that they enjoyed the
connectivity between Ida and the TV, as they felt it gave a more immersive
experience. Several participants wanted more statistical information about their
performance (e.g. repetitions, heart rate, and time) and feedback on their
execution of the exercise. This information could either be shown on a real-time
dashboard using the TV or highlighted by Ida, for example, with a message
saying, “You have now done 30 repetitions”. Additionally, several participants
wanted to be able to modify the exercises, to focus on different body parts,
duration, and the feedback type Ida used to motivate them during the exercise.
Some participants stated that if Ida was their DPA, they wanted their accounts
(e.g. calendar and music streaming service) synchronized to remind them to
exercise when they had time for it and incorporate music they liked into the
exercise routine.

A sentient DPA would persuade by being responsive and conscious of
impressions gathered from the user, responding as a human coach would, with
personality, understanding and empathy. Utilizing the same persuasive feedback
types that human coaches use and combining that with the computational power
of DPAs could create a very persuasive system. Futuristic personal assistants,
with capabilities exceeding technology as we know it today, are common in
popular culture and science fiction (Jonze 2013, Kubrick 1968, Villeneuve 2017).
In Blade Runner 2049 the sentient holographic companion, Joi, understands the
emotional needs of her user to such an extent that they develop a romantic
relationship. Imagine having a DPA who is your friend, who knows you, your
needs and desires, responds to your moods and always has your best interest in
mind. In science fiction, different fears around sentient assistants have also been
represented. For example, in the movie 2001: A Space Odyssey, HAL 9000 kills
crew members of the space ship. Or the movie Her, in which the complexities and
implications of human - Al relationships are explored. The universal question is -
to what extent should we make digital assistants sentient? — and how does this
enhance their persuasive possibilities?

7.4. Limitations and Future Research

Although we have contributed new knowledge around DPAs and persuasion,
given that there is very limited study in this area to date, we acknowledge that
our study has limitations. As with any study on persuasion, choices had to be
made around which persuasive principles we would focus on, which persuasive
technology roles we would explore, and whether to create our own DPA or use
an “off the shelf” model. These design choices were made and justified within the
research team. Ida did not have the functionality of a commercially available
DPA, because we built our own, which affected participant’s perception of Ida,
especially those with prior experience of DPAs. We also acknowledge that the
choice of phrases and voice tone, commented on by participants in the
interviews, possibly affected our results. It is difficult to determine the exact
effect of the actual words used in our designed feedback for the three persuasive
conditions - as we found that the same words had different influence on
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different individuals. However, participants’ reactions to these choices are
reported in the qualitative results to help balance quantitative measures. From
our interview responses, we can see that participants generally believed that Ida
was monitoring their exercise routines and responding directly to this activity.
Finally, our short-term controlled laboratory study has limited generalizability
because of the controlled environment and duration of the study.

Based on our study, we identified four avenues for future research. The first is
around the language, sincerity and personality of the personal assistant. Given
the parameters of our study, it remains uncertain as to what degree it affected
the persuasive power of the DPA. This requires further investigation. The second
involves how well alternative persuasive principles and theories might work on
personal assistants, and if a general overview of the strengths and weaknesses
can be made. B. ]. Fogg (2003) lists many other persuasive principles and other
principles of persuasion exist beyond Fogg. It would be worth exploring these
alternatives with respect to their use with DPAs. The third is the degree to which
connection between the DPA and users’ smart appliances and sensors in their
digital ecosystems affect their persuasive power. Although we connected a Fitbit
to Ida, this was simply for data collection. It would be worth designing for this
data as actual input to the type and form of feedback that the DPA gives the user.
The fourth, and maybe the most important, is that individual users have differing
perceptions of and reactions to persuasion, and differing receptivity to
subception, from this always-on device that is listening to them and trying to
persuade them. To truly understand the potential persuasive power of DPAs,
more studies are needed, over longer periods of time, in real world contexts.

8. Conclusions

In this study, we investigated the power of digital personal assistants to
persuade people to exercise. We selected three of Fogg’s (2003) persuasive
principles, Suggestion, Virtual Reward, and Praise, one from each of Fogg's
persuasive technology roles, Tool, Medium and Social Actor, to investigate as
feedback types for motivating exercise. To do this, we developed a custom-made
DPA to facilitate a physical exercise session and encourage participants using
these different persuasive feedback types during four different exercises in a
controlled laboratory environment which simulated a home lounge room.

We found that DPAs clearly have the potential, within their current technical and
reactive limitations, to persuade people to increase their physical activity at
home, using Suggestion to encourage physical effort, Virtual Reward to
encourage endurance, and Praise to create reassurance for beginners.

Design implications for persuasive DPA’s include the need for users to be able to
tailor the DPAs persuasive feedback and personality based on their personal
preferences to achieve the best results performance-wise for that individual. The
persuasion should adapt to the context and the user’s mood. It should also
provide statistical information about their performance and feedback on
execution of the exercise, and allow users to modify the exercises, to focus on
different body parts, duration. The DPA would ideally be synchronized with
other smart devices in their home, making it possible to tailor exercise
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scheduling and music. Ideally, a DPA should be as responsive and aware as a
human coach, with personality, understanding and empathy.

Future research in this area should look at: understanding the impact of voice,
language and tone on persuasiveness; investigate how well other persuasive
principles work with DPAs; exploring how other connected devices can increase
persuasion; and investigate the impact of subception on adoption of persuasive
DPAs.

In essence, digital personal assistants can persuade people to exercise - making
it happen is a matter of appropriate interaction design.
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