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Abstract

Background: Individuals living with long-term physical health conditions frequently experience co-occurring mental health
problems. This comorbidity has a significant impact on an individual’s levels of emotional distress, health outcomes, and associat
health care utilization. As health care services struggle to meet demand and care increasingly moves to the community, digi
tools are being promoted to support patients to self-manage their health. One such technology is the autonomous virtual ag
(chatbot, conversational agent), which uses artificial intelligence (Al) to process the user’s written or spoken natural languag
and then to select or construct the corresponding appropriate responses.

Objective: This study aimed to co-design the content, functionality, and interface modalities of an autonomous virtual agent tc
support self-management for patients with an exemplar long-term condition (LTC; chronic pulmonary obstructive disease [COPD]
and then to assess the acceptability and system content.

Methods: We conducted 2 co-design workshops and a proof-of-concept implementation of an autonomous virtual agent witt
natural language processing capabilities. This implementation formed the basis for video-based scenario testing of acceptabil
with adults with a diagnosis of COPD and health professionals involved in their care.

Results: Adults (n=6) with a diagnosis of COPD and health professionals (n=5) specified 4 priority self-management scenarios
for which they would like to receive support: at the time of diagna#iar(nation provision), during acute exacerbatiorsiéis

support), during periods of low moodefotional support), and for general self-managemembijvation). From the scenario
testing, 12 additional adults with COPD felt the system to be both acceptable and engaging, particularly with regard t
internet-of-things capabilities. They felt the system would be particularly useful for individuals living alone.

Conclusions: Patients did not explicitly separate mental and physical health needs, although the content they developed for tt
virtual agent had a clear psychological approach. Supported self-management delivered via an autonomous virtual agent w
acceptable to the participants. A co-design process has allowed the research team to identify key design principles, content,
functionality to underpin an autonomous agent for delivering self-management support to older adults living with COPD anc
potentially other LTCs.
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interviewing, and cognitive restructuring appear to be of benefit
in helping patients improve their self-management skilg. [
Comorbid Mental Health and Physical Long-Term In addltlon, health_ e_ducatlon provision, blofe_edbacktechnlques,

s and physical activity have been found to improve emotional
Conditions . . ) )

) ] well-being for patients with a range of LTAS[16]. Interactive

In the past decade, it has been acknowledged in reségrch\lieb-based self-management programs and telehealth initiatives
government policyJ] and clinical practiced] that physical coyld be particularly useful elements of self-management
conditions, such as respiratory and cardiovascular disease,sqﬂgbort for patients, irrespective of the diagnosis§].[
mental health conditions, including anxiety and depressiqfegardiess of the actual techniques and tools used, it is clear
frequently coexist. It is estimated that 30% of those with 1 §fat any truly comprehensive and successful self-management
more physical long-term conditions (LTCs) in England willytervention for LTCs must address mental health as well as

have a comorbid mental health conditioB4]. This is physical health and should see the care of the 2 as forming a
particularly the case for patients with a diagnosis of chromigjistic care package for the patient]].

obstructive pulmonary disease (COPD), a patient population
that has a higher prevalence of anxiety and depressiamg Technology and Health Care
which is up to 10 times more likely to experience panic attacdk®mmonplace digital technology consumer products such as
than the general populatiod] [ These mental health conditionsmobile phones, tablets, laptops, and wearable devices have the
are distressing, have a clinically significant impact opotential to support and expand the delivery of health services
health-related quality of life, and can lead to further healith a more accessible and efficient manner than traditional
complications and greater consumption of costly health c#see-to-face, 9 am to 5 pm, weekday delivery of care. Patients
[1,3,7]. For those living with COPD, management of theitan use these products to access, for example, Web-based health
condition means maintenance of mental health as much amfifrmation, self-help materials, electronic therapies, blended
physical health. care, peer support, and one-to-one consultatibfjsfor some
qﬁtients, the greater convenience, accessibility, and availability
ncg digital services outweigh the advantages of face-to-face
ggﬁtact with health professional$8]. However, for current
igital health technology to be evaluated as engaging, as

Introduction

Unfortunately, the presence of mental health conditions
individuals with a physical LTC can go undetected a
untreated. The addition of a physical disease process
compound mental health probler8sl[0], and many individuals . ] : 3

withpLTCs do not have paccess to]mental hgalth care ojé:é:eptable by patients, and as clinically effective as traditional

clinically identified. Despite mental health problems accounti c_e-to_—face delivery of care, a blended or guided approach,
for 23% of the disease burden in the United Kingdom, on ich includes aspects of face-to-face or telephone support, is

11% of the UK National Health Service (NHS) budget I commended rather than the use of digital tools in isolation

allocated to mental health servic&d][ The high demand for rorr;]_ h_umag dqorlt?cr't] 1%?1' It is .possmle th;g mor?]
services and a lack of trained health professionals able to i |st|c§1te |_g|ta ealt |nterve_nt|ons may address these
quality care mean waiting times can be long213). shortcomings  if .they can replicate key elements of
Accordingly, the issues of management of both physical g son-to-person interaction.

mental health for patients with comorbidities is an imperatiygrtificial Intelligence and the Provision of Therapy

for research, policy, and clinical practice. A promising approach to the development of more sophisticated

Self-M anagement digital health services lies in the use of artificial intelligence
Patient health care is increasingly moving into the communi ,I) to b_u'ld cc_)mput_er system_s that are able to deliver
with greater emphasis placed on supporting patientake therapeutic services with a certain degree of autonﬁﬂjylh
control of their own health (patient activatiori415)). such systems, the role of Al is to process the user’s input data
\%sually in the form of written or spoken natural language

Self-management of health includes maintaining positi - d then t lect ruct th di
emotional well-being, eating a healthy diet, exercisin ’erances) an en 1o select or construct the corresponding

optimizing medication, monitoring symptoms, coping wit bpropriate responses.

changes in symptoms, and knowing when to seek h€JpTo In some respects, the use of Al-based systems in this way
do this, patients require techniques to draw upon and suppepresents a natural development: as conventional psychotherapy
to develop the self-confidence and skills required. A review gbically relies on a series of language-based interactions with
228 systematic reviews of self-management interventioasherapist, any system that can input and output the symbols
indicates that there is little consistent evidence for thigat constitute that language—in other words, that has the
appropriate duration, mode of delivery, or specific componemistential to communicate with the patient—represents, in theory
of such interventiondglf. Psychological approaches that includet least, a platform for the delivery of that therapy. Digital
techniques such as relaxation training, mindfulness, motivatiosamputers (and networks of digital computers, such as the Web)
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constitute one such platform, and as researchers in Al have appearance and delivery modalities, and, based on these,
devoted much effort over the years to emulating human natural the co-design as far as possible of the corresponding features
language processing on digital computers, the use of Al to of the system.

deliver therapy readily suggests itself. (Indeed, one of the earliest To develop a prototype implementation that would meet
and most famous Al systems, ELIZA, dating from the 1960s, the core functionality and operational requirements as
emulated, albeit in a somewhat tongue-in-cheek fashion, a comprehensively as possible given the constraints on
talking cure therapist.) Moreover, computer programs and resources (time, personnel, and available technology). The
services promise to overcome some of the physical limitations prototype was to be developed rapidly to allow its use in a
of a human therapist: they can be duplicated rapidly and almost subsequent iteration of the co-design process.

without limit, and they are not fixed to a physical location arfd To test theacceptability of the design concepts with a wider
never tire of operation, being available (almost) wherever and group of participants.

whenever they are needed. These methods were adapted from the work of the UK National

In recent years, several sualitonomous virtual agents have Institute for Health Research (NIHR) Collaboration for
been developed to support the delivery of psychologida@adership in Applied Health Research and Care Yorkshire and
therapies, incorporating automated responses to text-based idoatber pP5] Trandating Knowledge into Action theme. They
[23,24]. However, being text based, these therapies lack #mcourage a creative co-design approach to enable meaningful
naturalness and immediacy of spoken language and can exchatécipation by all key stakeholders: an approach based on the
those not skilled in typing, and it can be difficult to convey th@inciples of service desig] and the UK Design Council’s
subtleties of emotion or attitude. It seems likely that modeuble diamond model of the design proce&¥]. The approach
inclusive and sophisticated therapeutic agents will have itwolves divergent and subsequent convergent thinking phases
incorporate spoken language interfaces. to, in the first instance, open up the space of challenges before
honing the problem definition and then to explore potential
ideas before focusing on a workable solution to the problem in
Self-Management hand. If all these processes are done with the involvement of
The aim of the work presented here was to explore thk key stakeholders, the approach becomes coproductive by
acceptability of an autonomous agent for supporting peoplefinition [26]. The explicit use of creative methods in
with comorbid physical LTCs and mental health problems. Theproduction addresses many of the challenges of coproduction,
exemplar LTC chosen in this instance was COPD becausaafnely imbalances or deficits of power, language, trust, and
the high reported co-occurrence of common mental hedaithe. It fosters an inclusive nonhierarchical environm@#g} |
conditions. We hypothesized a virtual agent system, callét allows all participants to be recognized as experts and
Avachat (a portmanteau ofavatar and chat, but also a produces results in the form of visible and tangible outputs
serendipitous near-homophonehate a chat), that would offer owned by those who created thezd][

users acceptable support and guidance based on. . .

self-management principlesl]. This system was to be Participants

structured around a persona or character, christmesvhich We aimed to recruit up to 10 individuals in total to 2 co-design
would act as a focus for the user’s interactions with the systémrkshops, drawn from the sets of patients with lived experience
and with which the user would—perhaps—form something akii COPD and of health professionals working with this patient
to a therapeutic relationship. We imagined that Ava would co@@up. In addition, we aimed to recruit a further 10 patients to
to personify the support mechanisms, with a visible (onscreéaie part in subsequent video-based scenario testing. In more
and audible presence, and that its users would interact witd&tail, eligible participants were to be either of the following:

through .natural Ianguage, b.Ut beyond this,. we made few An individual with a self-reported diagnosis of COPD or
assumptions as to its nature, intending that this should emerge . ic lung disease, medically stable, and with a

during a co-design process. self-reported experience of emotional symptoms in relation
Method to their LTC. A diagnosed mental health condition was not

ethoas an inclusion criterion for taking part; however, as noted
Design

previously, mental health conditions in patients with
physical comorbidities are common and often undiagnosed.
Working with people with lived experience of COPD and health Egjigiple health professionals were those working with this
care professionals and using existing paper-based patient group in some capacity such as a general practitioner
self-management materials as a starting point, we had the Gp; the doctor who will be responsible for treating all
following objectives: common medical conditions and for referring patients for
1. To co-design thecore functionality of the system by urgerjt or specialist treatr_nent), mentgl health.professi_onal,
identifying common problems faced when (self-)managing specialist nurse, c.)_ccu.patlonallth.erap|st, physiotherapist, or
COPD, along with the solutions that were thought most Pulmonary rehabilitation specialist.
appropriate or useful. These problems were then prioritizg@jividuals with lived experience were identified through the
according to their impact on everyday life. local British Lung FoundatioBreathe Easy support group. A
2. To elicit prospective usersiperational requirements for researcher (KE) attended the support group sessions and
the system, including interface features and Visuglesented the research to members, along with information

Avachat: A Virtual Agent for Long-Term Condition
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sheets. Interested individuals emailed the study lead (KE) to of the support that would be expected of the system as well
sign up for the workshops. Our professional contacts from NHS as define aspects such as safeguards (in what circumstances
Trusts in and around the Yorkshire region of the United it was advisable and acceptable to deviate from the script
Kingdom were used to obtain the health professional sample: to alert a GP or caregiver, for instance), the style of

a snowball sampling technique was adopted, with senior language and speech that should be adopted by Ava.
managers forwarding an invitation email to relevant staff. « Feedback on the vignetteBigure 3 was used to gather
further information for the Ava prototype development.

Video-Based Scenario Testing of Acceptability

i e . Following the workshops, we incorporated some of the more
The first workshop was run to (.:0.n.5|der initial user requireme ievable user requirements and content into a semiautonomous
for the prloto.type system. Activities were conducted in s.m.Eototype Avachat system. On the basis of the scripts developed
groups with time for feedback gn_d reflection after each act.|V| {aring Workshop 2, we also developed a short screenplay that
Th|slworkshop. focused on gaining a shared understand|nqn9§0duced Ava and the concept of Avachat and depicted how
the lived experience of COPD by: it might provide support to its user in typical domestic situations.

- Mapping outa day in the life journey together with a This screenplay was filmed in a living laboratory facility, with
participating health professional. Sticker icons were usgd/olunteer person with COPD taking the role of the user and
as prompts to help tell each person’s story mimssing Simulated interactions with Ava (with an offscreen human
sentence prompt cards (‘I wish | had known that...”; “It operator acting as &zard of Oz to provide appropriate
would have been good to have...”; “If only...”; and “Itresponses). This material was edited into a short video (under
helped to have...”) were used to help participants reflégtmin), which was then used as the basis for scenario testing
on the positive and negative impacts of their physical anith a sample of patients to determine acceptability of the
mental health on their day. This process addressed Objecaipglication and content. We explored participants’ views and
(1), namely the elicitation and prioritization of problems iapinions and asked them to self-complete the System Usability
need of solutions. Scale (SUS) questionnaire®0]. The measure has 10 items on

- Showing participants examples of existing virtual artificialsability, complexity, need for support or expert knowledge,
agents to critique. Mood boards were populated to defiiéegrity, and consistency. Each question is rated on a Likert
the ideal set of features for Ava and Avachat. The lookgale from 1 to 5 (strongly disagree to strongly agree).
sound, format, and potential features of Ava and Ayac 5taAnaIysis
more generally were explored to address Objective (2),

eliciting the operational requirements of the system. orkshop activities were conducted on paper and were
additionally captured in photograph and video format. Data

Workshop 2 from Workshop 1 on the challenges of daily living were
The aim of this workshop was to design and develop h@walyzed using content analysis techniqugd$ fo determine
Avachat, in the guise of Ava, would deliver the corthe scenarios around which to develop the core functionality of
functionality identified in the first workshop. This would addres&vachat. In addition to providing further operational
Objective (2) eliciting operational requirements. Activitiegequirements, outputs from Workshop 2 were synthesized using
including the following: thematic analysis3p] to develop a set of 4 vignettes (case
scenarios) that would serve as exemplars for interactions with
va. We used 2 of these in the screenplay that was filmed and
. . en during the video-based scenario testing. The discussions
COI_DI_D—usmg techniques _SUCh as role play to allo%m the scenario testing were transcribed verbatim and
participants to step out of the_|r particular contexts an_d moﬁf?esented as collections of conversation around a priori themes
toward_ a sharyed, empath|c_ understandlr_]g of differe design, functionality, and content. The completed SUS
poten_t|al USErs nee_ds, experiences, behawors,_and 9% Frestionnaires were scored as stipulated by the developers of
+ The V|gr_1ettes tr_\en mfprmed t_he deve_lopmermuiots_ OF the instrument. Higher scores are indicative of a more
sample interactions with Ava n a p_a_rtlcular scenario, eag er-friendly system. Although SUS was originally developed
relz_ited to one of the core fur_1ct|0n_al|t|es (_)f the syste_zm. E% compare alternative systems and their interfaces for
script constituted an essentially linear dialogue, with so Srforming the same task, its developers argue that, as some

!'m'ted _branchlng FO explore partlcularly pro_blemanc %ort of absolute rating, a score of 68 represents an average score
interesting alternatives. The scripts helped refine the nature < Al systems

Data Collection
Workshop 1

- Adopt and elaborate one of a number of vigneféagufe
1)—each corresponding to an archetypal person living wi
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Figure 1. Persona worksheets. COPD: chronic obstructive pulmonary disease; GP: general practitioner.

Christine
Age: 43

SeIting wp n the moming
h an affart. | just don't

take in and think about

COPD nas real ooen g ng him down Ty,

Has Been having problems with her breathi 3PD has really been getting him down lately
+ & while. She has recantly attenced her GP and I i ;

fat @ while. She has recantly attended he |e's wortied about his job as ne's | ke s0 much time off

dingrosis ol COPR and is golting out |

Character traits: Liwi Circumetances. Charactar traits: Living circumstances:

Attitude towards technology: Attitude towards techinology:

attitude towards own hagith Attitude towards own heglth

aurces of support I 5 Sources of support Hobbies interests

5 and/ar family) (friends and/ar family

cantral my life |

Pauline . . . . . 1  gon't let my COPD b

Age: 65
the years to keep things

under contral.

Jim was diagnosed with COPDR 15 years ago,

v epling e membet of his local Breathe Easy group and
I brp ott L oors for & local community gardening project

Character traits: Living circumstances:

Attitude towards technology:

Aftitude towards own health

Sources of support Hobbies/interests:
tiriends and/far familyd:
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Figure 2. Vignette feedback sheets. COPD: chronic obstructive pulmonary disease; GP: general practitioner; PR: pulmonary rehabilitation.

Avachat Specification 3. Fealures
t 15 YOU! a P GRS L
f Voice f Appearance (i.e. maleffemale)
1. Pathway
e 4~ /
(" Format (ie. phone, tablat, atc) N\ /7 Taiking or text nf itp N
s N J
ff Haw olten do they use Avachat? -\ r Where do they use Avachal? \

vformation should

P o
/’ w other features that you think would be for your parsona? -\
A 7

with the group stating that they rarely went out of the home in

Results the evening, often feeling very tired as the day progressed.

Workshop 1 I-_|OV\_/ev_er, the group reported that at times they laniaivation
(intrinsic or extrinsic) to follow through on planned household

Characteristics of the Sample chores or social activities. Sleep was often interrupted at times

The workshop was run in July 2017 and lasted 5 hours. Overa@cause of their medical condition or associated medication
5 individuals with a diagnosis of COPD and a carer of Afiequentneed to urinate in the night, leg cramps, and breathing
individual with COPD agreed to attend (n=6), of whom difficulties). Episodes of low mood were reported, particularly
attended (male n=2 and female n=3), with 1 dropping d@¥ mood on waking.

because of ill health (male). Participants had a median age/Q&sing Sentences Task

82.5 years (range 69 to 86 years) and had been diagnosed .\Aﬁth

COPD for an average of 10.5 years. No medical data on thee missing sentences task highlighted that additional support

stage of COPD were available. One participant was curren%f]d information provision in the early stages of the disease

using oxygen daily. All participants had previously attendéNdzmd have been beneficial:

pulmonary rehabilitation courses. A total of 6 health It would have been useful to have been assigned to
professionals attended, all female, working across general the respiratory nurse earlier onin my treatment, [to
practice, secondary care respiratory services, and specialist provide] general advice on medication/holidays/
mental health care. support.

Activities Data | think there should be moreinfo for newly diagnosed
patients of what services are available.

A Day intheL ife Members of the group felt that advice and support should be

All participants were medically stable. None of the participarnisformal and that, ideally, they would have liked one-to-one
disclosed COPD exacerbations or acute mental health problesagport:

Conversation focused on ways in which they prevented low
mood and social isolation. From thelay in the life exercise,

the group identified positive and negative aspects of their lives.
Figure 3shows the range of activities described by participants. |f only there were individual staff for each patient to
Household chores and social interactions occupied the majority be around whenever needed.

of midday activities for participants. Evenings were quieter,

| think that information given by professional s should
be less professional [in style] and more humanised.
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Figure 3. A day in the life of a chronic obstructive pulmonary disease patient. COPD: chronic obstructive pulmonary disease; OA: osteoarthritis.

Disturbed

sleep

Household chores, shopping, ” .I Singing
tidyingup, and cleaning ‘

\—1T""—=£_ Socialihteractions, peer | { |
s | “Bupportto do with COPD | IMedication| 1.

T T S e | =
| | l 1 ’ -, ?

Social interactions, family, |
and friends ~

Other things besides COPD, OA, kneepain, and back pain

In addition to this, the need for supportcinsis situations or I wish | had someone around to help me when it

during acute exacerbations was highlighted: [breathlessness] hits you.
| think people should be able to get more instant Additional data from the missing sentence activity in Workshop
support, especially when feeling stressed. 1 were related to the techniques that participants used to

maintain or increase theiemotional well-being. These
resembled the New Economics Foundatiofige ways to
wellbeing [33] and were included in the Avachat scripfalfle
1).

| needed more support when my husband had a severe
exacerbation/ panic attack. | called 999 [the UK
emergency telephone number]. | need some strategies.
[Carer]

Table 1. The Five ways to wellbeing and the data to support its application in Avachat. The terms in italics are the 5 recommended actions to foster
one’s own well-being.

Components of well-being Evidenced from the missing sentence activity

Give....; Your time, words, presence “I have always been busy, driving the bus for the local care centre, being
in the buddy system to support people....sitting in the clinics to encourage
people to sign up for pulmonary rehab”; “....choir, breathe easy treasurer,

meetings etc. But | am glad | do it. The benefits are wonderful”

Beactive....; Do what you can, enjoy what you do, move your body “l enjoyed the feel-good factor after exercising”; “I think GPs should in-
troduce exercise as a treatment option earlier”; “| feel much more positive,
healthy and confident since starting pulmonary rehab and breathe easy”

Keep learning....; Embrace new experiences, take opportunities “There is a video now to help people with COPD understand more about
the service—this needs sharing”; “I think there should be more info for
newly diagnosed patients of what services are available”; “It was good to
join the breathe easy choir and enjoy all the songs we sing from the shows
etc. Good for the lungs and great for the spirits”

Connect....; Talk, listen, share, feel connected “I enjoy hearing the positivity of the people with COPD—and how well
they cope with what can be a difficult condition” (health professional);
“It's good to get perspective of other people’s experiences”; “I try and see
someone every day, at the shops, playing bridge, at my friend’s for din-

ner...."
Take notice....; Notice small things “| think people should carry on doing things. | like listening to the radio
and watching the garden, the plants, the grass....I work hard to keep it nice.
I’'min no rush”
http://www.jmir.org/2019/5/e12996/ J Med Internet Res 2019 | vol. 21 | iss. 5 | €12996 | p. 7
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Outputs From Workshop 1 information (British Lung Foundation patient literature),

. behavior change theory (motivational interviewing), emotional
Care Pathway Scenarios well-being advice (New Economics Foundatiofise ways to

The data generated from thday inthelife task and the missing welIbeing), and peer-driven content (participants). This content
sentences suggest 4 scenarios in which Avachat could suppeg used as a basis for further elaboration of the scenarios by
patients. These are at the time of diagnosmormation the participants in Workshop 2.

provision), during acute exacerbatiorgiéis support), during

periods of low mood emotional support), and for general WWorkshop 2

self-managementriotivation). Ideas for other features of thecharacteristics of the Sample

system included reminders for medication and appointments, . .
and providing access to clinical results. T?le workshop was held in October 2017, and 5 patients who

attended the first workshop also signed up for this second
Avatar User—Specifications workshop. Of these, 4 attended (male n=2 and female n=2),
Figure 4illustrates the data generated from the critiques with 1 drop out because of ill health (male). The median age of
existing artificial agents and mood board activities th#ie participants was 73 years (range 66 to 80 years), and the
participants undertook in Workshop 1. It shows the look, soug¥erage duration of diagnosis was 11.2 years. No data on
format, and potential features of Ava that were considere@morbidities or stage of COPD were collected. Overall, 4
important to the participants. Participants stated that they wolRRlth professionals attended, all of whom had also attended
like Ava to be multimodal and accessed via connected consu@rkshop 1, and all were female, working across secondary
devices such as their computer, tablet, mobile phone, Cafe respiratory services and specialist mental health care.
television. They wanted it to be_recognizably human %ctivitiesData
appearance, to be able to personalize Ava to some degree (eg
to alter itsgender and accent) and to have options for voice- &@cenarios

text-only communication. Participants spoke about the desigenarios for exploration using vignettes included at time of
for a conversational discourse but also education provision (H?&gnosis ihformation provision), during acute exacerbations
predominantly one-way relay of information). (crisis support), during periods of low mooderfwotional
Script Content for Avachat support), and for general self-managemeanbfjvation). Figure

. i . 5 illustrates the content of a persona focusing on the crisis
Draft scripts were developed for an introduction to Ava and tEﬁPport scenario.

4 scenarios. The content for the scripts was derived from clinical

Figure 4. User specifications for Avachat (avatar graphic shown courtesy of Bot Libre). COPD: chronic obstructive pulmonary disease; GP: genera
practitioner.
Available on:

HU0G

Computer Tablet Smartphone Smartwatch Television

Regional accent, like a

Human local TV news reader

Choice of gender/personalised Well projected, with no slang
Professional, but nonclinical Changes tone and sounds human
Expressive (eg, body language) Sounds friendly, caring, kind and calm

Set in a relaxing looking environment Option for no voice, and text only.

Option of voice only

Features:

Panic mode i Link to advice/support groups ! Linked to GP/therapist/pharmacy § Tool to help you think and interact
(eg. if having exacerbation) i i th GP/nurse (ie, g

Family/carer involvement Care/appointiment planner H estions, link to heal

Reminders (eg, to eat/drink H H
H Contact for D Access results/scans i Recording of peak flow, blood
For relaxation/sleep : pecple with ) : i pressura, track
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Figure 5. Persona crisis support. COPD: chronic obstructive pulmonary disease; 999 and 111 are the UK telephone numbers for life-threatening ar
non-life-threatening emergencies respectively.

Avachat requirements
Fadsine Persona

Pauline would like to have access to Ava
to help understand the results of her
Pauline is female, 65 years old, lives Interaction with Ava: spirometry tests. She thinks Ava would
with husband, has 2 grown-up children also be a useful tool to help support her
who live away. Worries about the with pulmonary rehabilitation.
impact of her health on the household.

Pauline: Ava, | need your help! [OR Ava hears Pauline's
coughing and automatically responds]

Ava: How can | help? Connect: join a book club.
Not involved in any COPD support Pauline: | feel awful Be active: COPD-specific exercises,
groups. Ava: Put the light on, sit up, put your legs out of bed pulmonary rehabilitation assessment and
[pause)] Are you sitting up? plan.
She has been diagnosed with COPD Pauline: Yes Take notice: mindfulness, time for
for 5 years and normally uses the blue Ava: Have you tried a glass of water? yourself.

and brown inhalers to keep on top of it. Pauline: Yes...not worked

) Ava: Have you lried your inhalers? i
She has had a bit of a cold for the past Pauline: Yes...no help Pauline would prefer Ava to appear as a
week and hasn't been sleeping well : younger female with a regional accent.
due to worsening cough. Ava: Would you like to try some breathing exercises? She would access Ava on her tablet and
would prefer to talk but text would be a
good option when her grandkids are

Keep learning: acting, singing groups.

Her husband has now moved into the Pauline: Yes No :
spare bedroom so that he can get a Ava: I'll take you through some  Shall | call someone? ﬁround. She.would malaly yuse et
decent night's sleep. [plays video of breathing  [OR calls 999/111] ome.

exercises| She would like Ava to provide her with a
She wakes in the night with a severe Pauline: [breathing] Yes ‘memory bank’ or a diary of some form.

bout of coughing which is making her She would also like access to good

Ava: Is that any better? Your daughter? i ; %
chest feel tight. She is feeling anxious ) y g quality advice. Ava could remind her
and frightened, and is becoming mare Pauline: Yes, thanks Ava. No about her medication (including
short of breath... Ava: 9997 reminders to order more when getting

low) and less common events such as
going on holiday.

Pauline: Yes!

and conventional HTTP protocols. Avatar graphics and
Output from Workshop 2 animations for a range of different characters were licensed
Technical Development from a commercial company (Bot LibreB4. An initial

We developed a responsive interface that presented Ava tolfdementation in Java provided a bespoke Web server for
user via a variety of devices and allowed spoken or writt§nNnecting the interfaces as well as the underlying

interactions with the system. In addition, there was a secGifiiPt-Processing mechanisms for the wizard. This effectively
interface intended for a remote hunveizard, hidden from the allows the wizard system and Web server to be run from a single
user: this interface would allow an interaction episode to [#POP for maximum physical portability, allowing the system

initiated and subsequently would display the user's utteran{@d€ demonstrated in a variety of contexts. However, after the
and allow the wizard to choose or type an appropriate respofise Workshop, and for greater convenience, the system was
and then transmit it to the user interface, where it would be bEgHTPlemented in Python to run on a conventional, fixed-internet

spoken aloud and displayed onscreen. (It was not conside‘?%toco' (IP) Web server hosted at the University of Sheffield,

necessary at this stage to handle more than 1 simultaneous Y4ugh ensured that the system was always available and required
inimum of technical knowledge and time to run. In addition,

we assumed there would be 1 user and 1 wizard per Avachgt [ , _ :
system.) in the course of reimplementation, and again for convenience,

. _ the speech recognition facilities of the system were changed
The scripts developed during the workshops were encodgsin being based on the open-source Kaldi tool&} fo using

internally as simple state-transition models that were usedtigse built into Google’s freely available Chrome browser.
present preformulated response alternatives as the user and

Avachat proceeded through the script. If the user deviated fr&Yff1ough this development process resulted in a system that

the main narrative of the script in a way that had not beWas functional, in practice, unless the user conformed quite

envisaged, the wizard could fall back on a defsafiguarding closely to one of the developed scripts, a significant amount of
script, involving an emergency call to a relative or for dPUt was required of the wizard. Moreover, as it was to be

ambulance, but the wizard was otherwise left to his or her offfP€Cted that this input would often be health related, unless
devices. In this manner, the encoded scripts represented niJgnVizard had experience of the LTC (as either a person living
of the Avachat systemisiowledge about the support that should""th th.e cpndmon orasa heglth care professional), there was
be offered to users and, more implicitly, about appropriate W‘,s)gery likelihood that incorrect information or unhelpful (or even

of offering this support and interacting in an appropriate manfi}safe) advice might be shared. As a consequence, rather than
with the users. attemptingdive interactive sessions with users of the system to

explore acceptability, it was instead decided to use a video
Both user and wizard interfaces were implemented for WeRowing a carefully plotteshfe interaction.
browsers (using JavaScript). In addition to providing portabilit i . .
(the interfaces run on any computer with a modern browé&fzard of Oz Video-Based Scenario Testing
installed), this meant that the underlying data communicatiohs described above, we filmed 2 of the elaborated scenarios
between the 2 could be facilitated with the use of the interméth a Wizard of Oz implementation of Avachat: during acute
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exacerbationg(isissupport) and for general self-management
(motivation). The film can be viewed iNMultimedia Appendix

1. We then screened this video with 8 patients who had a
diagnosis of COPD or were a carer of a spouse with COPD: 5
males and 3 females. Overall, 3 of these participants had been
part of the co-design process, 5 were novel and new to the
concept of Avachat. The median age of the group was 71 years
(range 56 to 86 years). The stage of COPD was not reported;
however, 1 participant was prescribed oxygen daily. No other
comorbidities were reported. All but 1 of the participants used
both a smartphone and tablet computer/laptop in their homes.
After viewing the film, participants discussed the acceptability
of Avachat with regard to design, functionality, and content.

Design
All members of the group apart from 1 reported generally

positive feedback on the look and feel (and sound) of the Ava
character:

| can't believe it really. Impressive. (I can't

believe)...that she's not real. [Participant 1]
Nicelooking girl isn’t she. [Participant 2]

Shesaysshe'sherefor you—like shewill help, doesn’t
talk down to you. [Participant 3]

| think she’s lovely. | think she would say the right
things and be helpful, just based on the way shelooks.
[Participant 1]

The inferred informal interaction with Ava, as demonstrated in
the film, was mentioned, as was her role as a companion as
opposed to health professional:

| like that she says she's not a health professional,
more of a companion or assistant but she has
information to help. [Participant 3]

There was some clarity needed on whether Ava was a real doctor
or an advisor:

She's not medically qualified is she—she just gives
advice? [Participant 4]

But she saysthat at the start doesn’t she, that sheisn't
a human or doctor, that sheis giving medical advice
but not like a real doctor. [Participant 1]

One participant reported that the technology was not
sophisticated enough to appeeal to them; however, another
member of the group felt this could happen with more traditional
technologies:

| find it off-putting that her mouth doesn’t match her
words. [Participant 5]

Yes but you can get that on the TV even. [Participant
2]

Functionality

Easton et al

| like the laptop because someone el se might be using
the TV. [Participant 1]

Can't you use any? Any at any time—phone, TV,
tablet, laptop? [Participant 2]

If you were housebound and not up to date with
technology then TV would be the most useful and
easiest to use and in the bedroom. [Participant 5]
Out and about, it's good to have somethings that's
mobile. [Participant 2]

It could be something that you wear—like on your
wrist like a Fithit—instant access. Then she is there
whenever you need her. [Participant 5]

Some aren’t interested even bit one bit in technol ogy.
It would have to be TV for them [Participant 8]

Choice is good—individual. [Participant 6]

In addition, 3 female participants discussed being about to talk
to Ava and use both speech and text to communicate:

How about like the Amazon Alexa—bit like a radio:
talk and it talks back. They can do things for
you—scary. [Participant 1]

Once you' ve seen her on an image it would be okay
to just have the voice— would like both. [Participant
8]

If you could take her places—like to the doctors' she
could record what is said and help you and then you
could talk to ava about what was discussed. We've
seen her talking but you text her—that would suit me
more than anything. [Participant 3]

| can't text so we need options. [Participant 7]

Internet-of-things applications were touched upon by 3
participants:

Oh look, she said the air quality in the roomis poor
and humid, that’s great to know. [Participant 5]

We could have all sorts attached, oximeter, to check
oxygen levels. [Participant 1]

If Ava could be wired into someone’'s home to check
you are okay, to listen to the coughing...could you
have a pop up on your phone to ask if you are okay
“ do you want to speak to me?” [Participant 5]

| like that she can see the temperature, humidity in
the room etc...It helps you figure out why you might
be coughing. [Participant 6]

Moreover, 2 members of the group liked the idea that Ava could
encourage you to call emergency services when appropriate:

People are scared of ringing the emergency services.
[Participant 5]

Ava could say you need to ring emergency services

Participants’ responses supported the workshop findings that but sometimes people just need to be told to do that.
end users would like Ava to be multimodal: [Participant 1]
Participants were asked if they had any concerns relating to

data, with respect to sharing data or where that data may go to
once Avachat had received it. No members of the group voiced

| like her on a tablet. [Participant 3]

What if you haven't got one? How about a TV?—a
lot of people have a TV, and in the bedroom.
[Participant 4]
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concerns in this area and 3 participants felt that sharing of dada this system frequently,” and the other 50% (4/8) were
was commonplace in today’s society: unsure. Moreover, 88% (7/8) of the participants strongly agreed
that the system was easy to use, possibly as the video shows a
seamless use of the agent in practice. All but 1 of the participants
strongly agreed that they would feel confident using the system.
Views on whether they would need the support of a technical
person to be able to use the system were split: half of the
participants strongly disagreed that they would and half strongly
agreed that they would. Again, with the statement “| needed to
When discussing the scenario of motivational support, the gradien a Iot of things before | could get going with this system,”
thought this would be particularly useful for those living alonggoy, (3/8) participants strongly disagreed, 38% (3/8) strongly

WE're not bothered, they [ the gover nment] know more
about us than we do. [Participant 2]

We are thinking it's all safe. [Participant 6]
It'sall on a database. [Participant 3]

Content

Brilliant that, a good idea. [Participant 4]

Ava encouraged himto go out. If thereisno onethere
to push you, you feel ill and your mood drops you
don't want to know. It can happen quite quickly.
[Participant 5]

As you get older you don’'t have the social life. You
don’'t go out in the evenings even. You don't go to the
pub as you can't drive and drink. [Participant 2]

You always had someone around you in the past and
small children can lift your spirits, but if you don't
have that...mine [children] are miles away. If you
need someone quickly...the nearest one is 3 hours
away, but if you needed them, and they can’'t always
drop everything. [Participant 3]

If you have a partner, they can encourage you.
[Participant 6]

It's a lonely life if you don’'t have anyone. That can
be very depressing. It' sdifferent if you have a partner,
you can talk to them and they can talk to you and help
in many ways. [Participant 2]

One member also felt Ava could be useful for people who
not want to burden their partners or who do not feel comforta
doing so:

Your partner doesn't always understand and you

don’'t want to burden them with things. [Participant

8]

agreed, and 25% (2/8) were neutral.

Discussion

Principal Findings
Our aim was to explore the acceptability of both the form and
the content of a computerized virtual agent with natural language
capabilities intended to support self-management for people
with comorbid LTCs and mental health problems. Through
co-design with people living with COPD, we identified and
prioritized 4 scenarios in which the system may be applied: at
the time of diagnosisirfformation provision), during acute
exacerbationscfisis support), during periods of low mood
(emotional support), and for general self-management
(motivation). The participants did not separate mental and
physical health needs during the co-design process, although
the generated content utilized psychological approaches to
supporting patients to self-manage. Triangulation of clinically
accurate information, behavior change techniques, emotional
well-being advice, and peer-driven support appears to be the
preferred content by patients. The results suggest that, for this
mall sample of older adults with comorbidities, it would be
Bceptable to receive both self-management support and support
¥ acute exacerbations from an Al-based virtual agent.

The user requirements for the system were identified and many
have been incorporated into a prototype system called Avachat.
Specifically, we determined that the virtual agent must have the
ability to understand and respond with both text and speech and

All participants reflected on the experience of acute CORRUust be accessible through a variety of domestic computing
exacerbation and were particularly positive about this aspectigfices. The ability to interact with other digital services and
support from Avachat: domestic devices such as calendars, smart home technology,

| were in on my own once, and | had this bad panic
do, lucky my sister came, but | couldn't get to the
phone. | was right as rain at first. | had a coughing
do and | must have panicked. It calms me down....the
thought | could have someone to talk to, that’s good.
[Participant 2]

It certainly helps to know that someone is there.
[Participant 8]

and medical peripherals is desirable. The system should be
personalizable and its personification (Ava) should be
emotionally expressive, and the system would be enriched by
the ability to detect emotion (distress, fatigue, and irritation) in
speech if it is to engage with users in a natural manner.

A blended approach to care has been shown to be most effective
and acceptable for patients when managing both physical and
emotional healthl9]; however, as demand for support outstrips

After the screening, each participant was asked to imagine usiHgP!; itis crucial to explore what elements of person-to-person

the Avachat system in their own contexts, and, based on tGR€ could be provided using digital and Al-based systems.

to complete a SUS questionnaire. Overall, 62% (5/8) of the Slﬁ?ﬁeed’ a James Lind Alliance Priority Setting If’art'nership_ on
scores were above the score of 68 (with scores of 72.5, 75,0fgital technology and mental health, tasked with identifying
80, and 85), with the other 38% (3/8) participants rating itle top 10 research questions posed by patients and clinicians,
system as follows: 52.2, 62.5, and 65. This gives the systenfgkS “Can common elements of therapy that come from

overall median rating of 73.75. 50% (4/8) of the participan@grson—to-poe"rson interactions be maintained with digital
strongly agreed with the statement “I think that | would like &§Cnnology?” (priority 8)3€]. Our work speaks to this research
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guestion, in providing some evidence that a virtual agent covddruited and their ability to attend the workshops suggest that
replicate certain aspects of traditional peer support incorporatihgy are representative of the type of patients who already
behavior change techniques. With this patient group, swusif-manage their health. Although this meant that they could
support is generally used to help patients better self-managép us to identify thebest practice with regard to
their conditions and decrease adverse health outcomes sudeklisnanagement, it does raise doubts about whether the
exacerbations, unnecessary emergency department attendgmicesiples identified hold equally for those who cope less well
and hospital admissions. Of course, patient outcomes are outsideho are less experienced in self-management. In the next
the scope of this work (and the capabilities of the currguttase of our research, we will use more in-depth methods to
technology fall short of being able to provide such supportémgage hard-to-reach individuals, including those who are
reality), so validation of the benefits for patients is work still tmedically unstable, house bound, or from black and ethnic
be done. minority groups, those experiencing mental health conditions,

This empathetic ability of an automated system to detect é)nrc}hose for whom English is not their first language.

react appropriately to the nonverbal cues present in a persadiisre was relatively little input from the health practitioners
spoken utterances is likely to be crucial for the therapeutiempared with patients during the workshops. This allowed the
relationship between agent and patient. Although not convenipatient’s voice to dominate; however, it is not clear whether the
for all people and in all situations, spoken language is the miesalth professionals agreed with or supported the final scenarios
immediate communication medium we possess and proviéssa clinical priority or the content as best practice. Additional
the basis for many conventional psychologicaltalking research is required to explore this stakeholder perspective and
therapies.Closed-loop language interfaces with computersto place the system appropriately in the clinical pathway/patient
which are able to both process the user’s speech and genéoataey or redesign that pathway, as appropriate.

an gp_proprlate spoken response, are becoming m‘?HTs was not a software development project, although the
sophisticated and are already found in popular consumer dlgrlta

. e ] esearch team did include software engineers, and as a result
devices such as Apple’s Siri and Amazon’s Alexa (and, hengé g

. ﬁamount of effort that could be assigned to development was
are more and more a feature that users expect, at least |r‘|i

English-speaking world; at the time of writing, the provismnml?ed' Our focus was the rapid development of an Avachat

system that incorporated the user requirements as they emerged
for other languages depends both on the number of speak rﬁi the workshops; this enabled us to present the system to

Eiwsbggii dﬂ\]/?rtj;ea O;nttzeb;ggguon;egl r;irﬁﬁéléheya:gp;ﬁzgg participants to further refine their requirements and help
g ol it their wider opinions about the role of such technologies

e
Fheir lives. This approach is promoted in the literatG&. [

used in health-related software tools and apps, includinqn
handful of mental health-focused produd@s§2]. These have TQF system did not need to be fully functional (and, in any case,

rarely been tested with samples of older adults (where mg

comorbidities are evidentB7,38]. A recent scoping review of given the current level of technology available to us this would
. Sy . have been impossible); however, we wanted to produce a system
conversational agents in clinical psycholog§][indicates that

the ability of unconstrained natural language input ca abilititehat was as functional as possible and, hence, as accurate a
y guage inp P feflection as possible of the short-to-medium-term potential of

for health-related purposes is an emerging field of researgh, technology. A purely imaginary requirements-gathering
although a computer agent that is able to maintain its side of a )

rich, open-ended dialogue necessary for the delivery of mexercise for such a system would be difficult to constrain and

psychotherapies is still some way ofg]. Even if not yet a would be likely to lead to a wholly impractical and unachievable

: - . ecification. These considerations influenced many of the
practical proposition, we assume that users will soon expectgﬁe
ic

. . : : esign and implementation choices for the system.
primary interaction modality of any autonomous therapeu
agent to be spoken natural language. A point worthy of reflection is that rarely were the possible
Participants in this study readily accepted Ava dsiraan, negatlv_e consequences of the technology dlscu_ssed durl_ng the
. . ) g . o-design and evaluation process. We did not raise these issues,
referring to it ashe; they expressed a liking for her in terms of . : ) -
grrﬁferrmg to allow the discussions to be participant-led and to

appearance, while the way in which she interacted with ths ecifically raise issues of duty of care, for example. Equall
suggests shenderstands the situation. Taken together, this P y y ' pie. =quaty,

suggests that the potential exists for the development O?Oélsmeratlon was given neither to the possibility of incorrect

relationship of sorts between human and autonomous agen?sr, lnappr(_)prla_lte a_dwge being given by the system nor to the
Wi fr ethical implications for the nature and standard of care

suggestion supported by a recent study investigating the USthat users would receive. It seems as though it was assumed

text-based Al to deliver psychological theragg]| that the system would be opergierfectly, without error or
Limitations ambiguity and always in the best interests of the patient, and

Although based on input from those with lived experience With no associated rgduction in existing care. It is possible that,
COPD and self-management, our findings were limited by tfg consumers, we simply cannot fully understand the complex
small sample of white, British, medically stable, region4nd dispersed data architectures and the complex distribution
participants recruited. None of the participants reported a curf@hfoles. responsibilities, rights, and obligations that underlie
mental health problem but all referred to experiencing episod¥vest digital technologies.

of low mood or worry in the past. Furthermore, their existing

engagement with the support groups through which they were
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Conclusions inevitable, the form that they take is not predetermined. Early
Our research focused on co-designing the content a9 co-design efforts such as those reported here represent a
application of a conversational virtual agent to Supp(mechanlsm b)_/ which patient groups and their caregivers can
self-management of physical and mental health comorbiditld&/€ & voice in the process, and at a stage when not all the
for patients with a diagnosis of COPD. We identified thldnificant decisions have already been made.

underlying design concepts that would make the system uséfyture research is planned to further develop and evaluate the
and acceptable to the target population. Technologiggstem for a range of patient samples and care settings, in
developments such as the automated delivery of therapy gagticular, crisis support. Clinical applications are broad. The
health care support pose significant and difficult questions {génefits of a straightforward, low-cost system could include
our societies. Every new application of technology igcreased self-efficacy and self-confidence, reduced social
accompanied by risks, and in this case, those risks touch ug@mation, and improved iliness knowledge. Clinical gains could
the things we prize most dearly: health, social interaction, natiyf€lude fewer clinical exacerbations and a decrease in

of work, and fair and appropriate distribution of limite¢onventional health care service utilization, with an attendant
resources. Although these developments can sometimes sgiiiction in costs.

Acknowledgments

This research was funded and supported by the NIHR Collaboration for Leadership in Applied Health Research and Care Yorksh
and Humber. The views and opinions expressed are those of the authors and are not necessarily those of the NHS, NIHR
Department of Health, United Kingdom. The authors would like to thank the Sheffield Breathe Easy group, the patients, and th
clinicians involved for taking part and sharing their expertise. The authors are grateful for the use of the Home Lab facilities o
the Centre for Assistive Technology and Connected Healthcare at the University of Sheffield.

Conflictsof Interest
None declared.

Multimedia Appendix 1
Avachat film used for video-based scenario testing.

[MQV File, 159MB-MultimediaAppendix J

References

1. Naylor C, Parsonage M, McDaid D, Knapp M, Fossey M, Galea A. Long-Term Conditions and Mental Health: The Cost
of Co-Morbidities. London: The King's Fund and Centre for Mental Health; 2012.

2.  Department of Health. No Health Without Mental Health: A Cross-Government Mental Health Outcomes Strategy for
People of All Ages. London: TSO; 2011.

3. National Institute for Health and Care Excellence. 2009. Depression in adults with a chronic physical health problem:
recognition and management URttps://wwwhnice.og.uk/quidance/cg9faccessed 2019-05-0MEDbCite Cache ID
781XPd7c}

4.  Cimpean D, Drake R. Treating co-morbid chronic medical conditions and anxiety/depression. Epidemiol Psychiatr Sci
2011 Jun;20(2):141-150. [Medling171436]

5.  Hynninen KM, Breitve MH, Wiborg AB, Pallesen S, Nordhus IH. Psychological characteristics of patients with chronic
obstructive pulmonary disease: a review. J Psychosom Res 2005 Dec;59(6):429-443 J0ibé/j.jpsychores.2005.04.907
[Medline: 16310027

6. Livermore N, Sharpe L, McKenzie D. Panic attacks and panic disorder in chronic obstructive pulmonary disease: a cognitiv
behavioral perspective. Respir Med 2010 Sep;104(9):1246-ERBH Full tet] [doi: 10.1016/j.rmed.2010.04.01L1
[Medline: 20457513

7. Moussavi S, Chatterji S, Verdes E, Tandon A, Patel V, Ustun B. Depression, chronic diseases, and decrements in health
results from the World Health Surveys. Lancet 2007 Sep 8;370(9590):851-8580[d6i16/S0140-6736(07)61415-9
[Medline: 17826170

8. Easton K, Coventry P, Lovell K, Carter LA, Deaton C. Prevalence and measurement of anxiety in samples of patients witl
heart failure: meta-analysis. J Cardiovasc Nurs 2016;31(4):36 =BEH Full tet] [doi: 10.1097/JCN.0000000000000265
[Medline: 25930162

9.  Cepoiu M, McCusker J, Cole MG, Sewitch M, Belzile E, Ciampi A. Recognition of depression by non-psychiatric
physicians--a systematic literature review and meta-analysis. J Gen Intern Med 2008 Jan;23(EREEI6Ul tet]

[doi: 10.1007/s11606-007-0428-fMedline: 17968628

10. Katon W. Clinical and health services relationships between major depression, depressive symptoms, and general medi

illness. Biol Psychiatry 2003 Aug 1;54(3):216-226. [Med|ih2893098

http://www.jmir.org/2019/5/e12996/ J Med Internet Res 2019 | vol. 21 | iss. 5 | €12996 | p. 13
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v21i5e12996_app1.mov&filename=3063cbae632d6f888c910939b2af974c.mov
https://jmir.org/api/download?alt_name=jmir_v21i5e12996_app1.mov&filename=3063cbae632d6f888c910939b2af974c.mov
https://www.nice.org.uk/guidance/cg91
http://www.webcitation.org/
                                            781XPd7cr
http://www.webcitation.org/
                                            781XPd7cr
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21714361&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychores.2005.04.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16310027&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(10)00190-3
http://dx.doi.org/10.1016/j.rmed.2010.04.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20457513&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(07)61415-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17826170&dopt=Abstract
http://europepmc.org/abstract/MED/25930162
http://dx.doi.org/10.1097/JCN.0000000000000265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25930162&dopt=Abstract
http://europepmc.org/abstract/MED/17968628
http://dx.doi.org/10.1007/s11606-007-0428-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17968628&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12893098&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Easton et al

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.
23.

24,

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

The King's Fund. Has the government put mental health on an equal footing with physical healtitfp&iRhkww
kingsfund.og.uk/projects/erdict/has-geernment-put-mental-health-equal-footingypital-healtaccessed 2019-05-01]
[WebCite Cache ID 7414Fw8tp

Mental Health Taskforce to the NHS in England. NHS England. 2016. The five year forward view for mental health
URL:https://wwwengland.nhs.uk/publication/thax-yearforward-viev-for-mental-healthfaccessed 2019-05-01]

[WebCite Cache ID 782778KQo0

Bower P, Gilbody S. Stepped care in psychological therapies: access, effectiveness and efficiency. Narrative literature
review. Br J Psychiatry 2005 Jan;186:11-17. [d6i:1192/bjp.186.1.JIMedline: 15630118

Hibbard J, Gilburt H. The King's Fund. 2014. Supporting people to manage their health: an introduction to patient activatior
URL:https://wwwkingsfund.og.uk/publications/supporting-people-manage-theialth[accessed 2019-05-0MEbCite

Cache ID 74174v4AYK

de Silva D. Evidence: Helping People Help Themselves. London: The Health Foundation; 2011.

The Evidence Centre. National Voices.: National Voices; 2014. Supporting self-management: a summary of the evidence
URL:https://wwwnationalwices.og.uk/publications/oupublications/supporting-self-managempadcessed 2019-05-01]
[WebCite Cache ID 74161l

Cotton R, Irwin J, Wilkins A, Young C. The NHS Confederation.: The NHS Confederation; 2014. The future's digital:
Mental health and technology URittps://wwwnhsconfed.a@/resources/2014/09/
the-future-s-digital-mental-health-and-technol¢ggcessed 2019-05-0MvebCite Cache ID 7416pno3D

Bee P, Lovell K, Lidbetter N, Easton K, Gask L. You can't get anything perfect:. Soc Sci Med 2010 Oct;71(7):1308-1315.
[doi: 10.1016/j.socscimed.2010.06.03Wedline: 20675026

Gilbody S, Littlewood E, Hewitt C, Brierley G, Tharmanathan P, Araya R, et al. Computerised cognitive behaviour therapy
(cCBT) as treatment for depression in primary care (REEACT trial): large scale pragmatic randomised controlled trial. Br
Med J 2015 Nov 11;351:h562FREE Full tet] [doi: 10.1136/bmj.h567[Medline: 2655924]

Kaltenthaler E, Sutcliffe P, Parry G, Beverley C, Rees A, Ferriter M. The acceptability to patients of computerized cognitive
behaviour therapy for depression: a systematic review. Psychol Med 2008 Nov;38(11):1521-1530. [doi:
10.1017/S00332917070026( Medline: 18205964

Knowles S, Lovell K, Bower P, Gilbody S, Littlewood E, Lester H. Patient experience of computerised therapy for depressior
in primary care. BMJ Open 2015 Nov 30;5(11):e008382HE Full tet] [doi: 10.1136/bmjopen-2015-0085gMedline:
26621513

Luxton DD, editor. Artificial Intelligence in Behavioural and Mental Healthcare. London: Academic Press; 2015.
Fitzpatrick K, Darcy A, Vierhile M. Delivering cognitive behavior therapy to young adults with symptoms of depression
and anxiety using a fully automated conversational agent (Woebot): a randomized controlled trial. JIMIR Ment Health 2017
Jun 6;4(2):e19HREE Full tet] [doi: 10.2196/mental.77§3Medline: 2858800%

Gaffney H, Mansell W, Edwards R, Wright J. Manage Your Life Online (MYLO): a pilot trial of a conversational
computer-based intervention for problem solving in a student sample. Behav Cogn Psychother 2014 Nov;42(6):731-746.
[doi: 10.1017/S13524658130006Dppedline: 2389940%

Collaboration for Leadership in Applied Health Research and Care. National Institute for Health Research (NIHR)
Collaboration for Leadership in Applied Health Research and Care Yorkshire and HumbpttptRtlahrc-yh.nihac.uk/
home[accessed 2019-05-0MvebCite Cache ID 782dZVEXO

Stickdorn M, Schneider J, editors. This Is Service Design Thinking. Amsterdam: BIS; 2011.

McNabola A, Moseley J, Reed B, Bisgaard T, Dorthe Josiassen A, Melander C, et al. Design Council.: Design Council,
2013. Design for public good URitps://wwwdesigncouncil.@r.uk/resources/report/design-public-gdadcessed
2019-05-01] YvebCite Cache ID 782eWWPX]

Holmes BJ, Best A, Davies H, Hunter D, Kelly MP, Marshall M, et al. Mobilising knowledge in complex health systems:
a call to action. Evid Policy 2017 Aug 14;13(3):539-560. [d6i1332/174426416X14712553750311

Langley J, Wolstenholme D, Cooke J. ‘Collective making' as knowledge mobilisation: the contribution of participatory
design in the co-creation of knowledge in healthcare. BMC Health Serv Res 2018 Jul 25;18EBBEBI-Lll tet] [doi:
10.1186/s12913-018-3397-fMedline: 30045726

Brooke J. SUS: A 'quick and dirty' usability scale. In: Jordan PW, Thomas B, Weerdmeester BA, McClelland IL, editors.
Usability Evaluation In Industry. London: Taylor & Francis Ltd; 1996.

Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006 Jan;3(2):77-101. [doi:
10.1191/1478088706gp063oa

Weber R. Basic Content Analysis. Newbury Park, CA: Sage Publications; 1990.

New Economics Foundation. Five ways to emotional wellbeing: The evidencéattpRl/neveconomics.a/2008/10/
five-ways-to-wellbeing-thexgdence[accessed 2019-05-0MvebCite Cache ID 7417a0kQM

Bot Libre: Free open artificial intelligence for everyone. URtas://wwwhbotlibre.comfaccessed 2019-05-0MEbCite

Cache ID 782g¥MTW]

Kaldi. URLttp://kaldi-asiorg/ [accessed 2019-05-0MebCite Cache ID 7829go1GY7

http://www.jmir.org/2019/5/e12996/ J Med Internet Res 2019 | vol. 21 | iss. 5 | 12996 | p. 14

(page number not for citation purposes)


https://www.kingsfund.org.uk/projects/verdict/has-government-put-mental-health-equal-footing-physical-health
https://www.kingsfund.org.uk/projects/verdict/has-government-put-mental-health-equal-footing-physical-health
http://www.webcitation.org/
                                            74I4Fw8cp
https://www.england.nhs.uk/publication/the-five-year-forward-view-for-mental-health/
http://www.webcitation.org/
                                            782ZZ8KQo
http://dx.doi.org/10.1192/bjp.186.1.11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15630118&dopt=Abstract
https://www.kingsfund.org.uk/publications/supporting-people-manage-their-health
http://www.webcitation.org/
                                            74I74v4YK
http://www.webcitation.org/
                                            74I74v4YK
https://www.nationalvoices.org.uk/publications/our-publications/supporting-self-management
http://www.webcitation.org/
                                            74I6iuVaS
https://www.nhsconfed.org/resources/2014/09/the-future-s-digital-mental-health-and-technology
https://www.nhsconfed.org/resources/2014/09/the-future-s-digital-mental-health-and-technology
http://www.webcitation.org/
                                            74I6pnoGD
http://dx.doi.org/10.1016/j.socscimed.2010.06.031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20675026&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=26559241
http://dx.doi.org/10.1136/bmj.h5627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26559241&dopt=Abstract
http://dx.doi.org/10.1017/S0033291707002607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18205964&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=26621513
http://dx.doi.org/10.1136/bmjopen-2015-008581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26621513&dopt=Abstract
http://mental.jmir.org/2017/2/e19/
http://dx.doi.org/10.2196/mental.7785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28588005&dopt=Abstract
http://dx.doi.org/10.1017/S135246581300060X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23899405&dopt=Abstract
http://clahrc-yh.nihr.ac.uk/home
http://clahrc-yh.nihr.ac.uk/home
http://www.webcitation.org/
                                            782dZVFXO
https://www.designcouncil.org.uk/resources/report/design-public-good
http://www.webcitation.org/
                                            782eVPAbX
http://dx.doi.org/10.1332/174426416X14712553750311
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-018-3397-y
http://dx.doi.org/10.1186/s12913-018-3397-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30045726&dopt=Abstract
http://dx.doi.org/10.1191/1478088706qp063oa
https://neweconomics.org/2008/10/five-ways-to-wellbeing-the-evidence
https://neweconomics.org/2008/10/five-ways-to-wellbeing-the-evidence
http://www.webcitation.org/
                                            74I7a0kQM
https://www.botlibre.com/
http://www.webcitation.org/
                                            782gYuMTW
http://www.webcitation.org/
                                            782gYuMTW
http://kaldi-asr.org/
http://www.webcitation.org/
                                            782go1GV7
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Easton et al

36. Hollis C, Sampson S, Simons L, Davies EB, Churchill R, Betton V, et al. Identifying research priorities for digital technology
in mental health care: results of the James Lind Alliance Priority Setting Partnership. Lancet Psychiatry 2018
Oct;5(10):845-854. [doil0.1016/S2215-0366(18)3029%{Kiedline: 30170964

37. Laranjo L, Dunn AG, Tong HL, Kocaballi AB, Chen J, Bashir R, et al. Conversational agents in healthcare: a systematic
review. J Am Med Inform Assoc 2018 Sep 1;25(9):1248-1PREE Full tet] [doi: 10.1093/jamia/og72) [Medline:

30010941

38. Provoost S, Lau HM, Ruwaard J, Riper H. Embodied conversational agents in clinical psychology: a scoping review. J
Med Internet Res 2017 Dec 9;19(5):e1BREE Full tet] [doi: 10.2196/jmir6553 [Medline: 28487267

39. Rus-Calafell M, Jamieson-Craig T, Garety PA, Ward T, McCrone P, Emsley R, et al. Reducing the frequency and severit
of voices: the avatar clinical trial. Eur Psychiatr 2014;29:1. [H®i1016/S0924-9338(14)7770F-7

40. Ortiz A, del Puy Carretero M, Oyarzun D, Yanguas JJ, Buiza C, Gonzalez MF, et al. Elderly users in ambient intelligence
does an avatar improve the interaction? In: Stephanidis C, Pieper M, editors. Universal Access In Ambient Intelligence
Environments: 9th Ercim Workshop On User Interfaces For All, Konigswinter, Germany, September 27-28, 2006, Revisec
Papers (Lecture Notes In Computer Science). Berlin: Springer; 2007.

41. Carrasco E, Epelde G, Moreno A, Ortiz A, Garcia |, Buiza C, et al. Natural interaction between avatars and persons with
Alzheimer's disease. In: Miesenberger K, Klaus J, Zagler W, Karshmer A, editors. Computers Helping People With Specig
Needs. ICCHP 2008. Lecture Notes in Computer Science, vol 5105. Berlin: Springer; 2008.

42. Ly K, Ly A, Andersson G. A fully automated conversational agent for promoting mental well-being: a pilot RCT using
mixed methods. Internet Interv 2017 Dec;10:39HEBEE Full tet] [doi: 10.1016/j.ivent.2017.10.002Medline: 30135751

43. Fonseca A. National EIf Service: The Mental Elf. 2017 Dec 7. The chatbot therapist: can we mimic therapy support with
a conversational agent? URittps://wwwhnationalelfservice.net/treatment/digital-health/
the-chatbot-therapist-can-we-mimic-theyagupport-with-a-coversational-agent-digimhweeldccessed 2019-05-01]

Abbreviations

Al: artificial intelligence

COPD: chronic obstructive pulmonary disease
GP: general practitioner

LTC: long-term condition

NHS: National Health Service

NIHR: National Institute for Health Research
SUS: system usability scale

Edited by G Eysenbach; submitted 29.11.18; peer-reviewed by L Garvin, K Blondon; comments to author 27.02.19; revised version
received 13.03.19; accepted 24.03.19; published 30.05.19

Please cite as:

Easton K, Potter S, Bec R, Bennion M, Christensen H, Grindell C, Mirheidari B, Weich S, de Witte L, Woblstenholme D, Hawley MS
A Virtual Agent to Support Individuals Living With Physical and Mental Comorbidities: Co-Design and Acceptability Testing

J Med Internet Res 2019;21(5): 12996

URL: http://www.jmir.org/2019/5/€12996/

doi: 10.2196/12996

PMID: 31148545

©Katherine Easton, Stephen Potter, Remi Bec, Matthew Bennion, Heidi Christensen, Cheryl Grindell, Bahman Mirheidari, Scof
Weich, Luc de Witte, Daniel Wolstenholme, Mark S Hawley. Originally published in the Journal of Medical Internet Research
(http://www.jmir.org), 30.05.2019. This is an open-access article distributed under the terms of the Creative Commons Attributiol
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in an
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license information
must be included.

http://www.jmir.org/2019/5/e12996/ J Med Internet Res 2019 | vol. 21 | iss. 5 | €12996 | p. 15
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1016/S2215-0366(18)30296-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30170964&dopt=Abstract
http://europepmc.org/abstract/MED/30010941
http://dx.doi.org/10.1093/jamia/ocy072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30010941&dopt=Abstract
http://www.jmir.org/2017/5/e151/
http://dx.doi.org/10.2196/jmir.6553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28487267&dopt=Abstract
http://dx.doi.org/10.1016/S0924-9338(14)77707-7
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(17)30091-X
http://dx.doi.org/10.1016/j.invent.2017.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135751&dopt=Abstract
https://www.nationalelfservice.net/treatment/digital-health/the-chatbot-therapist-can-we-mimic-therapy-support-with-a-conversational-agent-digimhweek/
https://www.nationalelfservice.net/treatment/digital-health/the-chatbot-therapist-can-we-mimic-therapy-support-with-a-conversational-agent-digimhweek/
http://www.jmir.org/2019/5/e12996/
http://dx.doi.org/10.2196/12996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31148545&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

