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Abstract

Objective: Chronic pain is a critical public health issue affecting approximately 20% of the adult population in the United
States. Given the opioid crisis, there has been an urgent focus on non-addictive pain management methods including mind-
fulness-based stress reduction (MBSR). Prior work has successfully used MBSR for pain management. However, ensuring
longitudinal engagement in MBSR practices remains a serious challenge. In this work, we explore the utility of a voice inter-
face to support MBSR home practice.

Methods: We interviewed 10 mindfulness program facilitators to understand how such a technology might fit in the context
of the MBSR class and identify potential usability issues with our prototype. We then used directed content analysis to iden-
tify key themes and sub-themes within the interview data.

Results: Our findings show that facilitators supported the use of the voice interface for MBSR, particularly for individuals with
limited motor function. Facilitators also highlighted the unique affordances of voice interfaces, including perceived social
presence, to support sustained engagement.

Conclusion: We demonstrate the acceptability of a voice interface to support home practice for MBSR participants among
trained mindfulness facilitators. Based on our findings, we outline design recommendations for technologies aiming to pro-
vide longitudinal support for mindfulness-based interventions. Future work should further these efforts toward making non-
addictive pain management interventions accessible and efficacious for a wide audience of users.
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Introduction
Chronic pain is a serious public health issue affecting
approximately 20% of the United States (US) adult popula-
tion.1 Chronic pain is also the leading cause of disability in
the US and can result in impaired physical and mental func-
tioning as well as reduced quality of life.2 Although many
treatments, both pharmacological and nonpharmacological,
are available for managing chronic pain,3 an estimated 5 to 8
million Americans are prescribed opioids for long-term pain
management.4 Opioid pain medication is particularly effect-
ive in short-term pain management, but poses serious health

risks since it can lead to misuse and addiction. The wide-
spread use of opioid pain medication has contributed to a
national epidemic of addiction in the US; more than
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80,000 deaths occurred in 2021 alone due to opioid pain
medication overdose.5 As such, there is an urgent need to
develop and deploy non-addictive chronic painmanagement
methods.

Reports from the National Pain Strategy6 and Institute of
Medicine7 emphasize the need for evidence-based strat-
egies that address the biopsychosocial nature of this
problem. Furthermore, recent guidelines from the Center
for Disease Control on chronic pain included a recommen-
dation on the preferred use of nonopioid treatment over
opioid therapy.8 These initiatives speak to the importance
of advancing work on improving the accessibility of non-
invasive, nonpharmacological treatment of chronic pain.

Mindfulness-based strategies for chronic pain
management

Toward this goal, a number of recent studies have used
mindfulness-based interventions for chronic pain manage-
ment.9–13 Recent studies have identified mindfulness-based
stress reduction (MBSR) to be a promising alternative for
long-term pain management.14 MBSR is a particularly
popular approach since it was developed specifically for
patients with chronic pain who did not have their needs
met by the traditional medical establishment.15 MBSR
was designed to increase psychological distress tolerance,16

in part, enabling individuals to disentangle the emotional
and fear-based aspects of pain from the physical sensa-
tions.17 While external sensations of pain may remain
unchanged, the accompanying negative emotional and cog-
nitive processes (e.g. hurt and suffering) of the pain experi-
ence can be reduced through this disentanglement.18 This is
particularly helpful in the context of chronic pain, due to the
persistent and often lifelong nature of the experience. A sig-
nificant body of work supports the efficacy of MBSR in
reducing the adverse impact of chronic pain stemming
from migraines,19,20 lower back injuries,21–23 and other
conditions.24,11 MBSR has also been shown to significantly
reduce the perception of pain intensity and functional
limitations.10,12,13

Despite these promising findings, a number of challenges
can hinder the use of MBSR practices for chronic pain man-
agement. Because the efficacy of MBSR partially depends
on engaging in the practices, long-term and regular home
practice is essential for effective pain management, and thus
reduction in opioid use. However, this can be particularly
challenging for those new tomindfulness, leading toproblems
with treatment compliance and impacting outcomes for those
engaged in the program.11 These challenges are particularly
impactful for individuals living with chronic pain due to the
heightened physical and emotional discomfort that can arise
in the initial stages of the intervention.25 Given the dose–
response relationship between the duration ofMBSR practice
and its degree of effectiveness, low adherence can reduce its
usefulness for chronic pain management.26 In other words,

long-term engagement with MBSR practices is essential for
effective pain management and subsequently reducing the
risk of opioid dependence.

Voice interfaces to support engagement with
mindfulness practice

A large body of work has examined the utility of technol-
ogy in supporting the practice of mindfulness.27–29 Prior
work has leveraged a diverse range of technological
systems, including smartphone apps,30 web interfaces,31,9

and other technology-based systems (e.g. biofeedback and
virtual reality).32–34 While these systems have been rela-
tively successful in supporting mindfulness outcomes, the
visual and tactile interactions may present challenges for
individuals with limited motor functioning.35,36 Given indi-
viduals with chronic pain might have limited mobility,
touch or click-driven interfaces can pose serious accessibil-
ity challenges for them. Furthermore, long-term engage-
ment with these technologies tends to be quite low.

Voice interfaces have recently emerged as a promising
tool to promote user engagement with health interventions.
In this work, we define “voice interfaces” as systems for
which interactions are primarily voice-based, such that the
user talks to the device and the device responds with a
synthesized voice (e.g. Amazon Alexa37 and Google
Assistant38). Voice interfaces offer several advantages,
including convenience, simplicity, and confidentiality.39

A number of studies have found that such conversational
technology can promote social rapport40 and establish a
trusting relationship with human participants.41

A growing body of work has documented the incremen-
tal effects resulting from the use of these technologies in
healthcare settings, particularly for the management of
chronic conditions.42,43 A recent meta-analysis found that
voice-driven technologies are effective in promoting adher-
ence to health-promoting behaviors, such as medication
taking and disease prevention.44 Prior research concerning
the application of voice interfaces in health contexts has
highlighted health tracking and monitoring, assistance in
locating health providers, and collecting data to aid in self-
driven decision-making45,46 as promising applications.
Meta-analyses of customer reviews revealed that users are
primarily interested in utilizing voice interface technology
for self-management, as a memory aid, or for overcoming
accessibility issues.47,48 The Amazon Alexa platform has
been leveraged to assess deaf speech,49 provide task
support for individuals with cognitive disabilities,50 and
increase physical activity among overweight or obese
cancer survivors.51 Voice interfaces have further been
shown to uniquely support positive health outcomes
within vulnerable contexts, such as metastatic breast
cancer52,53 and social anxiety.54 These results highlight
the potential for voice interfaces to support behavior
change and improve clinical outcomes, particularly for
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vulnerable populations. Prior work has further pointed to
the utility of voice interfaces specifically for individuals
living with chronic pain.55,56

While some researchers have utilized conversational tech-
nologies to support mindfulness interventions,57,58 few have
focused on voice interfaces. One study from Naylor et al.59

shows the potential for voice interfaces. Using a cognitive
behavior therapy approach, they used a phone-based inter-
active voice response system to support self-tracking of pain
control andmood aswell as provide guided assistance in prac-
ticing therapeutic skills. However, at this time, there is no
existing work that uses a voice interface to deliver evidence-
based mindfulness interventions specifically designed for
individualswith chronic pain.While a number ofmindfulness
applications exist currently for the Amazon Alexa ecosys-
tem,60 none are oriented specifically for chronic painmanage-
ment. Moreover, these applications are not informed by
clinically validated research efforts. As a result, there is no
empirical evidence of their effectiveness.

Current study

In this work, we developed a voice interface to deliver
on-demand mindfulness practices. Specifically, we lever-
aged the Amazon Alexa ecosystem to support personalized
delivery of MBSR practices designed for individuals living
with chronic pain. By extending the current capabilities of
Alexa, we designed a personalized and engaging virtual
mindfulness practice support tool. This approach has the
potential to support high adherence to MBSR practices
over a long period of time due to the potential for relationship
building between users and the technology. Furthermore,
using an interactive voice interface may eliminate a key
barrier to the success of MBSR by improving the accessibil-
ity of home practice, particularly for individuals living with
chronic pain. Finally, this approach is highly scalable and
can improve access tomindfulness practices for underserved
populations, including those in rural communities who face
disproportionately negative consequences due to opioid pre-
scriptions for pain management.

The goal of the current study is to understand the accept-
ability of this voice interface among mindfulness experts to
establish the utility of this technology in supporting MBSR
home practice. Specifically, we conducted semi-structured
interviews with 10 certified mindfulness facilitators to
understand how such a technology might fit in the context
of the MBSR class and identify potential usability issues
with our prototype. By drawing on their rich understanding
of the principles of MBSR and participant challenges
informed by years of practice and experience,27 we have
gathered a wide array of meaningful insights on how
voice interfaces can effectively support mindfulness prac-
tice and what is being taught in MBSR training. Based on
our findings, we have outlined a number of design

recommendations for future developers of voice interfaces
to support evidence-based mindfulness interventions.

Method

System design

For this study, we developed a voice interface to deliver
MBSR practices. Introduction to the MBSR practices was
adapted to be short, interactive, and appropriate for the
Amazon Alexa dialogue system. This content generation
was led by the second author who completed a 6-day
MBSR intensive teacher training. Requirements for partici-
pation in the teacher training included (a) one year of per-
sonal mindfulness practice, (b) participation in a previous
MBSR training, and (c) participation in a 5-day silent
retreat. The second author is also a certified facilitator and
master trainer for two other mindfulness-based programs.
She recorded all practices available on the application.

The voice interface was designed to act as a virtual coach
that could quickly and easily provide access to supporting
resources for MBSR home practice, as well as foster
engagement through establishing social rapport. To
achieve an interactive voice-driven dialogue flow, the
Alexa Skills Kit SDK61 was used to implement the voice
interface and dialogue models in the prototype. To design
the dialogue flow for the voice interface, turn-taking
points were identified and branching logic was established
to reflect user inputs and selected intervention strategy.
The user flow diagram of the voice interface prototype is
shown in Figure 1.

When the user starts the interaction, they first receive a
friendly verbal greeting. This greeting welcomes the user
to the interaction and provides a brief list of basic functions
available through the skill (i.e. “recommend a session”
based on progression through the MBSR curriculum or
“play a guided or unguided session”). If the user requests
a recommendation, they are then asked to specify which
week of MBSR they are currently on. Suggestions for prac-
tice for each of the eight weeks were derived from the
MBSR Authorized Curriculum Guide.62 Based on the
user’s response, Alexa provides a tailored recommendation
reflecting the home practice assigned for that week.
Alternatively, if the user requests a guided or unguided
session, they are then asked how long they would like to
practice for. If the length they have requested is not avail-
able, they are subsequently informed and asked to modify
their request.

Once the session length is confirmed, the available prac-
tices are specified if the user requested a guided session.
Upon confirming the desired practice, the user is asked
whether they would like ambient sounds to play in the back-
ground during their practice. Finally, once all variable para-
meters have been specified, the voice interface plays the
appropriate pre-recorded practice. While novice users are
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expected to specify these parameters one at a time, the
prototype is configured to allow experienced users to
make more complex requests containing multiple parameter
specifications in one command (e.g. “I would like a
30-minute body scan without ambient noise”). This

function is intended to reduce redundancy across longitu-
dinal use and streamline access to embedded content. The
co-author with MBSR expertise scripted and recorded all
guided practices used in the prototype.

Participants

We recruited 10 mindfulness program facilitators (seven
female, three male; ages 34–75; see Table 1) via email
and over social media through the second author’s profes-
sional networks. Due to their rich understanding of the prin-
ciples of MBSR and participant challenges informed by
years of practice and experience,27 mindfulness program
facilitators are an invaluable resource in informing the devel-
opment of this technology. All participants had received
formal training in the facilitation of MBSR or related
mindfulness-based interventions (e.g. Learning2Breathe63)
who had participated previously in MBSR. No monetary
compensation was provided for participation, however, par-
ticipants who did not have access to a physical Amazon
Alexa device (i.e. smart speaker) were mailed a second gen-
eration Amazon Echo Dot.

Study procedure

Participants were asked to complete an online survey con-
taining basic demographic questions and six open-ended
questions regarding their current facilitation practices,
prior experience with technologies to support mindfulness
practice, and attitudes regarding the use of voice interfaces
to support MBSR. These questions were based on prior
work on eliciting feedback on system prototypes from
domain experts.64 The online survey remained open to data
collection for three months (from June to August 2021)

Figure 1. User flow diagram. The interactive dialogue structure includes branching logic based on user input and spoken utterances (i.e.
dialogue interactions) implemented using the Amazon Alexa SDK61.

Table 1. Participant demographics. All facilitators are Caucasian/
White. Two facilitators (P2 and P6) were not trained in MBSR, but
were trained in adjacent mindfulness programs.

PID Gender Age

MBSR
experience
(in years)

MBSR and related
experience
(in years)

P1 F 72 10 10

P2 M 34 0 6

P3 F 46 6 11

P4 F 62 3 3

P5 F 47 7 12

P6 F 50 0 5

P7 F 56 1 1

P8 M 39 12 12

P9 M 71 5 5

P10 F 75 23 23

PID: participant identification; F: female; M: male; MBSR: mindfulness-based
stress reduction.
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and was designed to take approximately 30 min to complete
(5 min per question).

Participants were directed to explore the prototype’s
functionality on a physical smart speaker device for as
long as they wished. Participants who did not have access
to a physical device were mailed an Amazon Echo Dot.
Participants were asked to set up the device in a location
of their choosing and install the prototype application on
the device. Basic written instructions regarding the setup
process were provided via email and the first author
remotely provided technical support as needed. The inter-
action task was intentionally left unstructured (i.e. no
instruction regarding tasks beyond setup) to capture the
intuitiveness of the conversational flow to a naive user.
Data regarding the length of interaction and specific dia-
logue selections was not collected.

Following the interaction, participantswere asked to evalu-
ate the usability of the prototype via the System Usability
Scale (SUS),65 followed by a series of open-ended questions
regarding the perceived efficacy and impact of the tool as well
as suggestions for improving the current prototype. The SUS
is an empirically validated scale66 designed to measure users’
subjective ratings of a system’s usability and is composed of
10 statements that are scored on a 5-point scale of strength of
agreement (0= “completely disagree” to 4= “completely
agree”). Final scores for the SUS can range from 0 to 100,
where higher scores indicate better usability. A SUS score
of 70 is generally considered to be an indicator of good usabil-
ity, while a score below 50 indicates significant usability con-
cerns.67After the survey,weconducted one-on-one follow-up
interviews with participants. Interviews followed a semi-
structured protocol (see the Supplemental material) using
the same open-ended questions from the survey as a starting
point. Interviews were conducted online via Zoom and
lasted approximately 60min.

Analysis

We used directed content analysis68 to identify key themes
and sub-themes within the interview data. Interviews were
audio-recorded and transcribed for coding. We began by
deriving an initial set of codes corresponding to individual
questions from the semi-structured interview protocol (see
the Supplemental material). The first author then manually
coded facilitators’ responses (i.e. open-ended survey ques-
tion responses and interview transcripts) with support from
the second author accordingly. The initial set of codes was
iteratively expanded to accommodate emerging themes in
the data that were not captured within the interview proto-
col. The final codebook was then circulated among
members of the study team to establish consensus. Data sat-
uration was established by observing the repetition of exist-
ing codes across different participants’ transcripts, as well
as the lack of emerging codes across later iterations of
coding.

Results
Based on our analysis, we report findings on facilitators’
current techniques for supporting home practice, their per-
ceptions and expectations of technology to support mind-
fulness practice, their responses to the voice interface
prototype, and potential implications for their class partici-
pants, particularly those living with chronic pain.

Identified needs in current MBSR practices

The need to support regular home practice was a common
theme in the interviews. Facilitators described different
challenges and their strategies for supporting practice
outside of the formal sessions. Based on the facilitators’
feedback, we have highlighted identified needs and the
potential of technologies to address these needs in the fol-
lowing section.

Supporting engagement. The structure of MBSR requires
engagement with different practices across weeks.
Identifying appropriate content and practices for a given
week can be confusing for MBSR participants. Facilitators
reported using handouts and email reminders. However,
there is a clear gap when it comes to effectively communicat-
ing how individuals should engage with MBSR practices as
P8 pointed out: “[A] lot of people do [get confused about
what practices they should do], even when [we give] them
a handout, even when it’s written down, even with the
reminder email” (P8). This lack of knowledge can deter indi-
viduals from engaging in regular home practices.

Facilitators also primarily used email to provide links to dif-
ferent MBSR resources. However, one participant noted that
doing so could create additional barriers for MBSR partici-
pants to engage with in-the-moment practices. P7 commented
that “any time you put any kind of barrier of ‘I have to search
for an email that has the meditation that I’m supposed to do’,
that’s just another thing to stop them from doing it” (P7).

Tracking practices and experiences. The facilitators expressed
interest in collecting both quantitative and qualitative mea-
sures to assess attributes of practices as well as track per-
sonal experiences. P1 noted that the quantitative data
could help facilitators to address non-engagement issues:
“If you haven’t done it, you know, what’s getting in the
way? Is it because you’re so busy? Or is it because there
might be a little bit of resistance?” (P1). P2 also commented
on the usefulness of engagement data to identify potential
obstacles:

Ideally, it [will be] cool to be able to see that, on average,
students practice this many times a week […] Because
from an instructor’s perspective, you want to make sure
that […] they’re not experiencing obstacles to keep them
from practicing (P2).
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There was also a consistent focus on collecting qualita-
tive data to better understand an MBSR participant’s
experiences throughout the learning steps. For example,
P2 commented that “I think [it] is also important to
collect [data] which is sort of around what was the medita-
tion experience like for you? What did you notice during
that experience? I think that information is really helpful
too” (P2).

Facilitators also expressed interest in receiving a summary
of logs describing the frequency and types of practices their
class participants engaged in throughout the course. P7 was
particularly excited about this potential feature “because
peoplemay bemore inclined to use it if they know their infor-
mation is sent to [the facilitator]” (P7). P8 advocated for this
extension as well, arguing that it would more clearly distin-
guish the experience afforded by the voice interface from
that of traditional offerings: “I think you might get some
more legs for innovation if you integrated performance feed-
back, such as it tallies up howmany times they did recordings
and gives that back to them” (P8).

In parallel with excitement about the potential positive
implications of collecting such data, facilitators emphasized
the importance of ensuring that tracking does not lead to
competitive comparison or counterproductive behaviors:
“I love [the] idea of building a group, [but] what I don’t
want to have happen is [class participants to think], ’Oh
wow, they meditated a lot more than I did this week.”’
(P2). Thus, while the collection of qualitative and quantita-
tive data could support MBSR facilitation and participant
engagement, there is a need to consider potential harms if
this data is shared in a group setting.

Availability and rigor of supporting resources. Facilitators
talked about different forms of external resources they pro-
vided their class participants to facilitate home practice.
Ideally, for MBSR, facilitators create their own set of
recordings for guided home practice. However, facilitators
often found it challenging to create their own recordings.
Four facilitators in our study reported that they had not
yet created those recordings due to time constraints and
instead relied on resources published by reputable sources
(e.g. Jon Kabat-Zinn, Tara Brach, and Jack Kornfield).
However, there were concerns about the quality of available
resources. While channels on YouTube might allow easy
access to these resources, the use of commercials can be
interruptive to MBSR practices as P4 noted: “I try to stay
away from YouTube videos. Main reason is because [of]
commercials” (P4). P9 questioned the general quality of
online resources: “So many recordings online are really
meant to be superficial […] And because a lot of people
will be attracted for various reasons, […] it’s really import-
ant to have the depth of teaching there” (P9). P9 also raised
concerns about the financial burden of accessing these
resources due to a recent surge in monetization: “[Online
resources are] becoming monetized now […] money has

a way of taking precedent, and when it takes precedent, it
just ruins everything” (P9).

Beyond publicly available online resources, facilitators
also reported “having a couple of trusted sources for these
recorded meditations and [linking] clients to those
resources” (P4). Two facilitators reported contributing to
a shared repository of facilitator recordings and were thus
able to leverage the full set of recordings through an insti-
tutionally crowdsourced effort. This strategy was advanta-
geous since these facilitators’ students had access to
multiple options for any given practice. That said, having
access to these resources does not guarantee user engage-
ment as P2 pointed out: “I will have a lot of people say to
me, ‘Yeah, we have these audio files but …’” (P2). As
such, there is a need for accessible and low-cost content
that can support effective user engagement.

Support for community interactions. Facilitators noted the
importance of the sangha (community) as an important
element of MBSR. P2 commented “from a very historical
perspective, there is a deep sense of community and interper-
sonal relationships that were really, really important to prac-
ticing meditation” (P2). The cultivation of trust and
interpersonal relationships within the sangha of a facilita-
tor’s classroom is important for MBSR outcomes and
in-class inquiry. P6 noted that, without building a foundation
of trust, someMBSR participants might not feel comfortable
sharing their experiences and thus may not engage in the
depth of inquiry that will afford them the best outcomes.

Facilitators also pointed to the utility of community
interaction in promoting accountability for practices
outside of class. P3 shared that “consistently people say
it’s easier to practice when you’re in the group […] and
have that accountability” (P3). P7 further argued that “If
you don’t have an expectation [that you should practice],
you’re probably not going to do whatever it is that’s on
your plate” (P7). These findings highlight the need for
both in-person sessions and home practice.

Potential of using voice interfaces to support MBSR
practices

This section reports on facilitators’ perspectives on the
potential and implications of using voice interfaces to
support MBSR practices. Attitudes toward online and
remote technologies in the context of mindfulness are dis-
cussed. Additionally, the unique affordances of voice inter-
faces for supporting MBSR home practice, such as
improved accessibility, perceived social presence, and
support for in-the-moment practices are considered.

Affordances of technology-supported mindfulness practices.
Facilitators highlighted the utility of technology in reducing
time and cost burdens related to practicing mindfulness.
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Technology-driven alternatives to in-person mindfulness
offerings allowed for agencies to practice when they
wished as opposed to being restricted by class schedules.
P1 expressed that the flexibility afforded by online offerings
presented a unique opportunity for practices to be com-
pleted at the users’ preferred time and place: “I can [partici-
pate in yoga class] in my pajamas […] Whereas with the
class offerings, I had to make myself available when the
class is being taught”(P1). P3 also noted the reduced logis-
tical burden following the adoption of remote technology:
“You decreased time stress because you cut out the
commute for people to attend class […] they were doing
the practices in their class and then they walked out into
their regular life” (P3). Facilitators pointed to an increasing
interest from students to use technologies to support mind-
fulness practices as noted P1: “I know that sometimes they
would even ask for apps and which ones we might suggest.
I think some of them would like it” (P1).

Online technologies can be particularly useful in sup-
porting in-the-moment practices following an individual’s
need and availability. P1 pointed out how such technologies
can enable mindfulness practices beyond the traditional
MBSR class schedules for certain groups: “If I were a
night owl, [technology] would be another helpful option
for someone who might use yoga and meditation as a
way to begin to relax to sleep later” (P1). Similarly, P7
noted how technology can enable and support in-home
practices: “If you’re meditating and practicing in your
home environment, absolutely, that becomes your normal.
And it should because that’s where you’re gonna be
expected to do it going forward” (P7).

Improving accessibility. Facilitators highlighted that indivi-
duals living with chronic pain often have unique accessibil-
ity needs. It can be particularly challenging for them to use
touch or click-driven interfaces. P6 noted that “people who
experience chronic pain not only may have general mobility
issues but even just using a phone, like the fine motor aspect
of opening the app or whatever may be difficult” (P6). As a
result, it can be particularly challenging for them to use
touch or click-driven interfaces. Voice interactions are
uniquely poised to address this accessibility challenge. P5
commented that “for people who are in very severe pain
and may be bedridden, maybe they’re not able to lift their
arms or wiggle their fingers […] yet they can usually
open their mouth and then Alexa can respond with this
skill” (P5). Voice interfaces are uniquely poised to
address this accessibility challenge

Facilitators highlighted the potential use of voice inter-
faces for specific vulnerable populations with limited
motor function including Amyotrophic Lateral Sclerosis
(ALS). P6 described her experience with her father’s ALS
diagnosis and emphasized the potential of this technology
for individuals with limited motor function but full capacity
of verbalization. P4 also noted the implications of the voice

interface for her end-of-life clients who are bedridden but
can still vocalize their requests. P9 noted how the accessi-
bility of voice interfaces might lead to effective integration
into traditional medical care: “I think it’s a great idea
because I could see this easily plugged in in hospitals” (P9).

Supporting home practices. Facilitators expressed excite-
ment about the potential for the interface to support home
practice for MBSR participants. They particularly appre-
ciated the ease of access to meditations and believed that
the simplicity of asking for meditations via voice
command would effectively reduce obstacles to home prac-
tice for MBSR participants. P2 commented that

Just the accessibility [barrier] stops people from practicing
[…] It would be great if our students could just talk to Alexa
and get their meditations that way because it’s always so
hard to get people to practice outside of class (P2).

P9 noted how improved accessibility can support
in-the-moment practices: “[If] somebody wants to
mediate, they can meditate any time, day or night, they
have the Alexa there” (P9). P5 also noted how accessibility
of voice interface can complement current learning steps: “I
think it will be really a huge difference for people taking the
classes and afterward to do the daily work” (P5). Similarly,
P6 commented: “I think this is a really interesting way to
help support home practice” (P6).

While facilitators agreed that the voice interface would
be useful for meditation beginners, they expressed mixed
views on its utility for experienced meditation practitioners.
P1 speculated that voice interfaces to support MBSR prac-
tices might be mostly useful for beginners: “If I were new, it
would probably be helpful. But I’ve been practicing for 15
years so I don’t know if I would use technology to help me”
(P1). However, even though P5 is an experienced practi-
tioner, she noted that guided practices delivered through
the voice interface could be very useful:

I’ve been meditating for […] 30 years. I can really just kind
of turn my brain off and let that take over and follow that […]
I wasn’t aware of what a little gem [the guided practices]
would be. And so I think that it’ll be hugely beneficial for
people who are well experienced with MBSR as well (P5).

Unique affordances of voice interfaces. Facilitators consist-
ently pointed out the unique affordances of voice interfaces
to support MBSR practices including ease of use, high
interactivity, and perceived social presence. P5 commented:
“It’s just so easy! […] You don’t have to even hardly think
about it. You just have to open your mouth and there it is.
It’s just amazing” (P5). Similarly, P6 also highlighted the
ease of access provided by a voice interface compared
with the current methods to provide MBSR resources: “I
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definitely think it’s easier [than using audio files] I didn’t
need to have my phone or my computer open. All I
needed to do was sit and voice my want of whatever type
of meditation” (P6). Such ease of access can be a critical
factor in supporting MBSR practices as P2 noted: “People
are just looking for super accessible ways. And so that’s
why I really like using this system. It’s just always there”
(P2).

Facilitators also noted the highly interactive nature of the
voice interface, particularly its potential utility in sustaining
home practices. P2 commented: “It would be great if our
students could just talk to Alexa and get their meditations
that way because it’s always so hard to get people to prac-
tice outside of class” (P2). P5 agreed that the voice interface
incentivized her to practice in a way that she would not
otherwise have been motivated to with other technological
platforms with passive content delivery: “If all I have to do
is say ‘Hey Alexa, play a meditation’ and she does, then
that’s great […] I probably won’t go through the effort of
YouTube” (P5). Furthermore, facilitators thought the
voice interface could effectively complement current
MBSR teaching processes. P6 commented:

I just am so excited about the idea of this being applied to
MBSR and to facilitate home practice[…] We invite our
participants to do this, but are we giving them enough
support and direction to be able to do that on their own,
and this actually helps that process, right? So it kind of
closes the gap (P6).

Participants also pointed to the perceived social presence
of the voice interface as a positive attribute to support
MBSR practices. For example, P5 commented:

My husband travels a lot for work […] and so he’s just been
gone a lot. And so here I am, kind of talking to Alexa and
it’s just been really fun to have this voice in my life […] I
think that just hearing her talk and being able to talk and
[have] somebody [who] talks back when you speak out
loud, I think that that’s gonna be really, really beneficial
for people trying to get through the program (P5).

Identified design challenges for a voice interface
supporting MBSR home practice

We used the SUS65 to assess the developed prototype. The
average SUS score for the prototype voice interface was
54.8 (SD= 25.6) out of 100. More importantly, the SUS
scores had a wide range with a low score of 7.5 and a
high score of 97.5. These scores reflect the varying levels
of acceptance and expectations from the facilitators for
the developed voice interface prototype. We used the inter-
view data to get further insights into challenges and oppor-
tunities for designing a voice interface to support MBSR
practices.

Flexibility in matching user utterances and intentions.
Facilitators consistently noted the need for flexibility in
handling user utterances for different voice interactions.
Not recognizing user intent due to alternative words or
minor discrepancies can lead to frustration over time. P1
commented: “One thing that frustrated me sometimes is
the need to say exactly the right phrase” (P1). Addressing
this usability issue will require moving away from rigid
phrase matching to identify user intentions.

For example, P9 recommended having a list of alterna-
tive keywords that might be used to invoke different
practices:

Like the auto fill function, but with voice. Now if some-
body’s in chronic pain, “Do that meditation thing!” And
they won’t remember the exact title, so there has to be like
a keyword function in there. So ‘The meditation thing! Oh,
no, no. Not that one, the one that’s lying down.’ To give
them a lot of leeway in terms of being able to get to themedi-
tation or the exercise that they want (P9).

Documentation and support. It is critical to provide docu-
mentation and initial support to communicate the capability
and features of the voice interface. Three facilitators wanted
written documentation outlining the structure of the inter-
action. P6 mentioned the importance of having step-by-step
instructions specifically for older users:

For somebody like my mom who really likes to have
step-by-step directions written out for her. She’s nervous
she’s going to mess things up, like break the technology
[…] So having just a way to show how “If you want this,
say this. If you want that, say this. If you want to exit,
say this,” just so [the user] understand[s] how to get
where they want to go (P6).

It is also necessary to provide support for the initial setup
of voice interfaces. P6 commented that:

I just fear for those who really don’t understand technology
and don’t understand apps and this and that, how much
support they would need to be able to get this set up? I
think once they’re set up, they would be able to do it just
fine. It’s just the initial piece of how to work it (P6).

For four facilitators, the invocation phrase (“Alexa, open
mindful pain management”) was also challenging to
remember, which resulted in difficulty getting the prototype
to respond. Overall, it is essential to provide both written
and voice clarifications to reduce obstacles and avoid
confusion.

Error handling. Successful user interactions require graceful
error handling. While a voice interface for to support
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MBSR home practice might not be able to address all user
requests, facilitators suggested adopting a flexible approach
by providing the closest available option to users:

Let’s say I say “3 minutes” [of meditation] but there’s not a
3 minute one, so she doesn’t recognize it. [In that case, she
should ask:] “I have a 5-minute meditation available.
Would you like to do that?” or if I said 45 minutes,
which is longer than the longest one you have, “Oh I
have a 30 minute one available. Would you like that
one?” […] if it’s a number that she doesn’t have, routing
her to the closest number (P3).

It is also important to communicate a rationale for not
exactly matching the user’s initial request in these cases.
Otherwise, it can lead to confusion and frustration. P10
noted feeling unsure about why her requests were not
being understood by the device:

I was asking it a question and then it was getting confusing
and it was either shutting off or was it giving me something
else. And so I was left feeling, as the user, that unless I had
asked for whatever one in some sort of sequence which I
was unaware, I wasn’t gonna get it (P10).

This misunderstanding can be avoided by asking for user
confirmation before beginning a practice and clearly com-
municating the system’s understanding of the user’s
request. Although this communication may result in occa-
sional redundancy, the resulting clarity might outweigh
the potential user burden.

Facilitators also wanted a more proactive recovery from
errors. Early termination of an interaction may point to
potential errors and a voice interface should proactively
offer related options in such cases. P9 provided an
example of proactive interaction:

“Alexa, stop! Stop it!” And then what I would recommend
is Alexa says “Oh, okay. Would you like a different exer-
cise or would you like me to stop altogether?” “No, the
lying down one, the lying down.” “Okay” “I think you
mean the body scan meditation. Is that correct?” (P9).

Such proactive error recovery can help to reduce user
frustration.

Options to use different voices. For a voice interface aiming
to support longitudinal engagement in home practice, facil-
itators indicated that it may be useful to provide alternative
voices. P1 suggested “to have a variety of different voices,
because all of us have preferences. Some voices we like,
some we don’t like, some are neutral. […] So I would prob-
ably suggest having multiple options, female voice, male
voice, just a variety” (P1). Similarly, P2 also noted the
importance of different options and variety:

It’s like, “Oh, yes, I do want this voice because it’s comfort-
ing, and I’m familiar with it,” and other people might be
like, “Well, I’ve already heard this voice every week in a
classroom setting, and so maybe I need another one.” So
yeah, I think choice and variety will be something to
think about (P2).

P1 also wanted to make alternative voices available ubi-
quitously throughout the voice interface for MBSR: “I think
the [voice] option should always be there. I understand it
makes more work, but I still think the option should
always be there every day, not just in the beginning” (P1).

Supporting customizability. Facilitators consistently noted
the potential and advantage of being able to customize the
voice interface. For example, P6 commented that “you
can just customize it in so many different ways which is
really exciting to me” (P6). Specifically, there was interest
in adding custom recordings to better support facilitators: “I
think a lot of MBSR instructors could potentially be inter-
ested in, when they’re teaching, if they can load their
recordings into appropriate slots” (P3).

Facilitators recommended having a wide variety of prac-
tice lengths available to optimize the ability to engage in
home practice. P3 also encouraged the inclusion of a practice
for working through difficulty given our interest in support-
ing individuals living with chronic pain. P8 suggested creat-
ing a modular script for guided practice that could be started
and stopped at differing intervals to curate varied lengths of
sessions. Future work should look into designing voice inter-
faces that can empower MBSR facilitators and participants to
customize home practices in a way that adheres to the phil-
osophy while supporting personalized needs.

Inclusion of inquiry-based approaches. In addition to the
current practices, facilitators expressed interest in the inclu-
sion of some form of inquiry within the voice interface
response. P4 suggested posing brief questions after the
practice concludes such as “How did your body feel after
that?” and “What did you bring up with that?” P10 pro-
posed asking the user a question if they attempt to end
the practice prematurely in order to disincentivize MBSR
participants from taking the easy way out:

If you’re noticing that you want to stop Alexa now or
you’re noticing how much time you have left or you want
to ask a question of how much time you have, just see if
you could notice that without acting on it (P10).

Discussion
Our findings highlight key design principles of voice inter-
faces to support mindfulness interventions. Voice interfaces
are particularly well-suited to improve the accessibility of
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clinically informed mindfulness practices for individuals
living with chronic pain. However, there remain a number
of design and implementation challenges. Specifically,
effective support for MBSR using voice interfaces will
require maintaining practice fidelity. In this section, recom-
mendations are provided for future voice interface
designers and developers aiming to provide mindfulness
interventions for vulnerable communities, including indivi-
duals living with chronic pain.

Support data collection but avoid “Competition”. Facilitators
expressed the need for data collection to provide effective
support for MBSR practitioners as well as sustain engage-
ment with MBSR practices. This aligns with findings
from prior work, which highlights the diversity of
approaches used by facilitators to capture home practice
toward promoting adherence.69,70 Despite changes due to
the recent shift to an online format, they struggled to
receive meaningful participant feedback so they could
refine their teaching strategies. Interaction data collected
through the interface could provide insights into persona-
lized trends, which could lead to actionable suggestions
and support from facilitators.71

However, it is critical to ensure that such tracking is
not shared in a way that promotes comparison or compe-
tition. Recent work has identified how behavioral track-
ing can lead to unintended negative consequences.72 To
avoid problems, designers should allow facilitators to
decide how and when to provide quantitative metrics of
home practice to MBSR participants. By delegating this
responsibility to the facilitator, the technology will
better support rather than detract from the facilitator’s
personal teaching philosophy.27 Furthermore, the tech-
nology can thus draw upon facilitators’ expertise and
extensive knowledge of the MBSR curriculum without
pre-determining the appropriate strategy from a limited
sample of perspectives.

Support facilitator–participant interaction. Additionally, extend-
ing the accountability engendered by the classroom com-
munity emerged as an important factor underlying
consistent home practice. This is particularly important
given community interaction is absent when MBSR parti-
cipants practice at home, which can lead lack of engage-
ment over time.73 Efforts to support direct and
accessible pathways for open communication between
facilitators and their class participants are necessary to
promote the acceptability of this technology in this
context.27 As such, future work should consider support-
ing interactions by which MBSR participants can engage
with each other and the facilitator outside of sessions.
For example, knowing when someone else in their class
is engaging in a mindfulness practice may encourage
them to engage as well.

Ensure ease of access. The ease of access is a critical factor
in ensuring engagement with MBSR practices. Facilitators
repeatedly noted how their class participants often forgot
which practices were assigned for home practice which
caused them to forgo practicing altogether. These findings
are consistent with prior work which points to the role of
both perceived (e.g. cognitive dissonance, and forgetful-
ness) and pragmatic barriers (e.g. lack of time and physical
discomfort) in reducing the amount of time individuals
practice at home.74,75 Facilitators also observed that
MBSR participants were reluctant to practice at home if
supporting resources were not readily available. A voice
interface can effectively address these barriers by streamlin-
ing access to different practices, thus supporting
in-the-moment practices and potentially contributing to sus-
tained engagement with MBSR.76 Designing effective
reminders and notifications through the voice interface
could further mitigate existing barriers to engagement
with home practice and improve the overall MBSR partici-
pant experience.

Foster social presence. A voice interface aiming to sustain
user engagement should focus on fostering social presence.
Voice interactions provide a unique affordance, when it
comes to perceived social presence.77 Facilitators also
noted how voice interactions can lead to perceived social
presence, which could subsequently improve engage-
ment.76 For individuals with chronic pain, this aspect of
voice interface technology is critically important since
physical pain may inhibit their ability to engage with
others during flare-ups.74 Future work in this domain
should explore how voice interfaces can support MBSR
practices as well as improve perceived social presence
through different interactions.

Provide user guide and documentation. Designers should
provide adequate user guide and documentation to ensure
successful interactions with the voice interface.
Specifically, it is critical to convey utterances and phrases
that might be used to invoke different functionalities of
the voice interface as it may be challenging for users to dis-
cover features and capabilities of a voice interface without
explicit guidance.78,79 The complete dialogue flow should
succinctly and thoroughly be communicated to the user in
advance of any interactions. This can be achieved via
written documentation in conjunction with a verbal explan-
ation within the voice interface.80 While verbal explanation
should be provided without an explicit request the first time
the user interacts with the voice interface, users should be
able to request the verbal explanation at any time via
voice command. The written documentation should serve
as an adjunct to the in-situ verbal explanation and provide
a complete picture of every possible interaction scenario.
It should further be organized such that the user can
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readily look up and identify their concerns, rather than
being a necessary precursor to interacting with the voice
interface.

Handle errors gracefully. Facilitators noted that individuals
struggling with physical discomfort and subsequent lower
cognitive functioning (e.g. individuals with chronic pain)
may experience difficulty remembering voice commands
and phrases, particularly in moments with intense discom-
fort.81 It is thus critical to be flexible in handling user
inputs. Rigorous testing must be conducted to identify var-
iations in phrasing (e.g. “standing mindful movement,”
“standing movement,” and“standing mindfulness”) to
avoid errors when a user deviates slightly from the
expected response. In other words, the voice interface
should be able to recover from most errors and identify
user intents effectively. In case of unavoidable errors,
the voice interface must clearly articulate the reason as
well as suggest relevant options to users. Prior work sup-
ports the efficacy of these strategies in preventing negative
user experiences due to command misrecognition in voice
interfaces.82 Handling errors gracefully and robustly is
critical to facilitate positive interactions with individuals
during their moments of need.

Provide different voices. As a standard feature, the voice
interface should support different voices to meet individual
preferences (e.g. voices representing different genders and
personalities). Allowing users to customize speech charac-
teristics of voice interfaces has been shown to promote
trust, attraction, and favorability.83,84 Facilitators pointed
out the utility of having a diverse set of voices to choose
from when offering supportive resources to their class par-
ticipants. Because these preferences might vary for different
practices, a voice interface should allow users to pick their
preferred voice for any given interaction. Both Alexa and
Google provide different voices and personas. For
example, both platforms allow users to choose between
masculine or feminine voice options, with Google offering
multiple within-gender variations of vocal characteris-
tics.85,86 Prior work highlights the impact of these gender
differences on users’ perceptions of voice interfaces, par-
ticularly in health-related contexts.87 Future work should
look into how the use of different voice attributes can
address user needs across diverse contexts.

Enable customization. Consistent with prior work,27 facili-
tators repeatedly noted the need for editing and tailoring
different activities and interactions. To adequately
address these needs, a voice interface should enable facil-
itators to add and adapt MBSR content as necessary.
Furthermore, it should support the facilitators in uploading
and using their own personal guided audio-recordings of
practices for their class participants. This recommendation
aligns with guidelines for MBSR facilitator training,

which explicitly encourages the development of indivi-
dualized guided recordings by each facilitator for their
own instruction purposes.88 This would require supporting
modular script and audio recording through the voice
interface. Furthermore, interactions and content should
be adaptive to support the personalized needs of a class
participant.

A voice interface should also be able to remember user
preferences and prior activities to offer easy customization
for subsequent sessions. While the value of persistent
memory across user interactions has been established in
the context of human–robot interaction,89 limited work
has focused on its affordances for voice interfaces. For
example, memory of a user’s activities would allow the
system to automatically understand the progress of an indi-
vidual through the MBSR curriculum and suggest relevant
practices accordingly. Future work should explore the
impact of accounting for user preferences and historical
interactions on the acceptability and efficacy of voice inter-
faces for supporting MBSR home practice.

Limitations and future work

The study has a number of limitations. First, interview
data was collected from a small number of trained mind-
fulness facilitators. While this sample size is consistent
with prior work that also used one-on-one semi-
structured interviews with stakeholders to understand
perceptions and requirements of technology within a
healthcare setting,64,27 future work should explore data
from a larger sample of experts and supplement interview
discussions with quantitative measures of usability (e.g.
backend usage logs).

Additionally, these findings are limited to the perspec-
tive of facilitators which may not reflect the intended user
(i.e. individuals living with chronic pain). While this
approach provides useful insights toward integrating our
prototype into existing MBSR program facilitation, it is
critically important that future studies collect interaction
and acceptance data from individuals living with chronic
pain. Future work should also investigate the role of health-
care providers in facilitating the use of mindfulness prac-
tices taught in MBSR by integrating digital health tools
and technologies into existing clinical practices.

Finally, our prototype was adapted specifically to the
MBSR curriculum due to the credentials and training of
the research team and the accessibility of relevant content
experts. As such, our findings do not generalize to other
mindfulness-based interventions. However, the flexible
structure of our prototype could easily be adapted to
support other mindfulness-based interventions (e.g.
mindfulness-based cognitive therapy and acceptance and
commitment therapy). Future work should investigate the
utility of voice interfaces in the context of other
mindfulness-based interventions.
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Conclusion
With the rising need for non-addictive pain management
methods to address chronic pain, efforts to support longitu-
dinal engagement with interventions such as MBSR are
critically important. In response to this challenge, we devel-
oped a voice interface to facilitate MBSR home practice.
Findings from our preliminary evaluation show that facili-
tators supported the use of the voice interface for MBSR
practices, particularly for individuals with limitedmotor func-
tion. Facilitators also highlighted the unique affordances of
voice interfaces, including perceived social presence, to
support sustained engagement. Based on the findings, we
have outlined design recommendations for technologies
aiming to provide longitudinal support for mindfulness-based
interventions. Future development should further these efforts
towards making non-addictive pain management interven-
tions accessible and efficacious for a wide audience of users.
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