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Abstract

Introduction: Chatbots emulate human-like interactions and may usefully provide on-demand access to tailored smoking cessation support.
We have developed a prototype smartphone application-based smoking cessation chatbot, named Quin, grounded in real-world, evidence-, and
theory-based smoking cessation counseling sessions.

Methods: Conversation topics and interactions in Quitline counseling sessions (N = 30; 18 h) were characterized using thematic, content, and
proponent analyses of transcripts. Quin was created by programming this content using a chatbot framework which interacts with users via
speech to text. Reiterative changes and additions were made to the conversation structure and dialogue following regular consultation with a
multidisciplinary team from relevant fields, and from evidence-based resources.

Results: Chatbot conversations were encoded into initial and scheduled follow-up “appointments.” Collection of demographic information, and
smoking and quit history, informed tailored discussion about pharmacotherapy preferences, behavioral strategies, and social and professional
support to form a quit plan. Follow-up appointments were programmed to check in on user progress, review elements of the quit plan, answer
questions, and solve issues. Quin was programmed to include teachable moments and educational content to enhance health literacy and
informed decision-making. Personal agency is encouraged through exploration and self-reflection of users’ personal behaviors, experiences,
preferences, and ideas.

Conclusions: Quin’'s successful development represents a movement toward improving access to personalized smoking cessation support.
Qualitative foundations of Quin provide greater insight into the smoking cessation counseling relationship and enhances the conversational
ability of the technology. The prototype chatbot will be refined through beta-testing with end users and stakeholders prior to evaluation in a
clinical trial.

Implications: Our novel study provides transparent description of the translation of qualitative evidence of real-world smoking cessation coun-
seling sessions into the design and development of a prototype smoking cessation chatbot. The successful iterative development of Quin not
only embodies the science and art of health promotion, but also a step forward in expanding the reach of tailored, evidence based, in-pocket
support for people who want to quit smoking.

Introduction We have observed the technological advancement of
platforms for smoking cessation assistance expand from a
single computer-generated tailored letter,'* to telephone coun-
seling,'® internet'*- and text-message (SMS)"* based programs,
and smartphone applications with various features.'® Mobile
smoking cessation (mCessation) apps combine the important
benefits of SMS and internet-based interventions, such as
providing on-demand, in-pocket access, and mimicking social
support.!”? There is currently an abundance of mCessation
apps available for download, and a rising trend in their
use has been observed.?*?! However, many lack evidence
of clinical effectiveness, are not tailored or intuitive, and
are of low quality.?»?3 Despite their accessibility and reach,
there is currently insufficient evidence to routinely prescribe
mCessation apps for usual care,'®?? and consumer-led design

Tobacco dependence is a chronic relapse-remitting condition.!
Unassisted smoking cessation attempts have a high failure rate
(96%-97%) and successful smoking cessation often requires
multiple quit attempts.> Smoking cessation support increases
the success rate of individual quit attempts.’> While there is
strong evidence for the effectiveness of pharmacotherapy
alone,*’ the likelihood of successful quitting further increases
with the addition of behavioral support.® However, engage-
ment with professional support services is often limited by
the level of individual awareness” and accessibility.>? Due to
low uptake of professional assistance,'™!" other services, and
digital platforms have been developed to enhance the reach of
behavioral interventions.
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and development research to support clinical effectiveness is
limited.?** As such, we need to consider how mCessation
technology can be improved to provide effective personalized
support and increase user engagement.

Conversational artificial intelligence (AlI), such as chatbots,
dialogue systems, and conversational agents, can converse
with users via audio and/or text without human input. These
Al systems employ machine learning and natural language
processing (NLP) algorithms to create a human-like dia-
logue. Modern chatbots typically use a combination of two
approaches; (1) a rule-based approach, which relies on rules
defined by expert knowledge (eg, a conversation tree); and
(2) a probabilistic approach which ascertains how to classify
answers and potentially how to generate responses through
exposure to training text.”® As Al systems learn to adapt to
users’ personalities, these interactions tend to become even
more effortless and tailored.

Mohr’s “Model of Supportive Accountability” states that
engagement with digital health interventions is promoted
with the addition of human support by cultivating a sense
of personal accountability to a competent, trustworthy, and
caring coach.”” In contrast to mCessation interventions, there
is evidence to support the effectiveness of proactive telephone-
based smoking cessation counseling!® whereby counselors
are primarily trained to deliver motivational interviewing
(MI) techniques and/or cognitive behavioral therapy (CBT)
alongside evidence-based information.?® However uptake and
reach of these services relies on clients’ willingness and ca-
pacity to engage with an unknown counselor, and previous
research has highlighted feelings of shame, guilt, and stigma
associated with these interactions.”” A chatbot programmed
to provide tailored support, delivered via a mCessation app,
may be more appealing and accessible for people hesitant
to use standard telephone services. Encouragingly, previous
research has shown people interact with, and disclose in-
formation to, chatbots in similar ways as they do humans.*
Therefore, translation of practical and effective smoking ces-
sation counseling into chatbot technology may help to im-
prove the quality of mCessation interventions and provide a
highly accessible and potentially comparable option for those
who do not want to engage with professional services, but
need support.

The development and use of conversational Al systems for
smoking cessation is an emerging area of research and the
current literature highlights many opportunities for prog-
ress. Publicly available smoking cessation chatbots include
Florence,’ Bella,’* and Alex AL yet there are no publications
describing their development or clinical trials to support their
effectiveness and acceptability. A recent scoping review of
chatbots for smoking cessation found limited low-quality ev-
idence to support the effectiveness of their use in usual care,
but found anecdotal evidence of their benefits to smoking ces-
sation and user engagement.** Randomized controlled trials
of conversational Al for smoking cessation are often limited
by low follow-up rates and there is significant heterogeneity
between interventions and study designs.?* Furthermore, there
is limited evidence describing the development methods for
smoking cessation chatbots.?® Development of mCessation
apps often employs a “top-down” approach, in that be-
havior change theories or frameworks are incorporated into
the apps by the researchers with little or no input from the
end user during development.’*3% This can be problematic
as consumers and researchers may place differing values on
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specific app functions.?” Therefore, this study aims to develop
a prototype smartphone application-based smoking cessation
chatbot, named Quin, using a co-design approach grounded
in real-world, evidence-based smoking cessation counseling
sessions to effectively incorporate the experiences, needs and
knowledge of consumers, and other stakeholders.

Method

Ethical Considerations

This study was approved by The Prince Charles Hospital
Human Research Ethics Committee (Project ID: 50620).
A waiver of obtaining individual informed consent from
Quitline clients was obtained via a Public Health Act 2005
(PHA 50620) application, and a formal agreement between
HM and Quitline (Queensland Health) was executed, prior
to accessing the audio files.

Sample Frame and Client Characteristics

This study used a purposive sample of recorded telephone-
counseling sessions from an administrative dataset selected
and provided by Quitline (Queensland Health). All Quitline
calls are recorded for quality assurance and training, and this
is explained to clients at the beginning of each call. Thirty
audio files were provided based on demographic character-
istics (eg, age, sex, rural/remote location, and Indigenous
status), and were manually transcribed verbatim with identi-
fiable information redacted.

Calls were completed by 23 individual counselors (Female,
n =21; Male, n = 2) between January and March 2019. The
sample contained 18 h of audio, and call length ranged from
16 to 56 min (Mean = 36 min, SD = 10 min). The 30 transcripts
included 26 initial calls and four support calls. Type of call
was determined during analysis and was not known during
purposive sampling. Additional details regarding client dem-
ographics, smoking behaviors, and quit histories have been
published elsewhere.*

Transcript Analysis

Individual files were imported to NVivo (Version 12), and
coded topics (with relevant statements, questions, and
responses) were also transferred to and collated in sequence
in Microsoft Excel for each transcript.

First, thematic analysis of transcripts was completed by
two members of the study team (HB and SL) to explore con-
versation topics and themes, and to identify question topics
asked by clients during the calls. Methods and results have
been published elsewhere.*°

Second, a content analysis quantified and collated topics in
order of occurrence for individual transcripts, and mapped to
conversation stage, to inform basic structure of a counseling
conversation. For each call, the total number of topics was
divided into thirds to reflect the beginning, middle, and end of
conversations. Topic occurrences were mapped to these time
periods. Initial and follow-up calls were analyzed separately.
Descriptive statistics for each topic were calculated including
total prevalence and prevalence across time periods, number
of transcripts, and number of transcripts where the topic was
repeated more than once.

Third, a proponent analysis*! was completed to explore con-
tent (who said what) within themes and topics, with appro-
priate statements, questions, and responses from counselors
and clients used to inform chatbot interaction.
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Chatbot Development

Quin was created by a multidisciplinary team from the
fields of thoracic medicine, smoking cessation, health psy-
chology, computer science, health promotion, tobacco con-
trol, and public health. The technical development of Quin
was undertaken by an experienced computer scientist (DI),
with assistance from vacation students and a public health
PhD student (HB). In CSIRO’s previous chatbot development,
we have found the personality, preferred vocabulary, and sen-
tence structure of the person developing the responses is ev-
ident in the chatbot through subtle language cues.*** Thus,
the benefit of multiple contributors allowed Quin to develop
a distinct personality in its responses.

Skeleton structure and content was mapped to a flowchart
using Lucidchart software, in which the conversation
progressed through categories of themes, and users were
prompted through the chatbot content. Iterative changes and
additions were made to the structure and content following
regular collaborative consultation with the team. These
consultations also included comparisons with information
from evidence-based resources to ensure breadth and accu-
racy of information.

The chatbot content was programmed using a chatbot
framework, known as CSIBot, which was developed by
the Commonwealth Scientific and Industrial Research
Organisation (CSIRO), Australia. The framework consists of
a collection of NLP algorithms and has been used for other
health chatbots including EDNA for genetic counseling,*!
and HARLIE* for autism spectrum disorder. Additionally,
this framework can function in a mobile application or web-
based service.

The case-based reasoner is the primary response system
and works on the structure (syntax) of human communica-
tion using two main algorithms; (1) syntactic matching; and
(2) sentiment analysis. Syntactic matching analyses the utter-
ance received and examines word order and the current con-
text of the conversation to determine the most appropriate
response. The radix tree data structure is used to store the
responses and the various human stimuli that solicit the par-
ticular response® (Figure S1). This is a common data structure
in computer science that allows for compression of textual
data while preserving fast search times. Nodes of the tree
are the possible words of the human utterances (or wildcard
matching syntax). Traversal of the radix tree structure returns
a template response that may include wildcard substitutions
and additional operations for the chatbot to do (eg, log to
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an internal database). For example, the user tells Quin that
they live with someone who smokes, Quin queries their rela-
tionship to that person (if not already stated) and asks if the
person will be supportive of their quit attempt (Figure 1).

The likelihood of a negative sentiment is identified using
the sentiment analysis algorithm, which informs Quin’s re-
sponse. For example, when exploring previous pharmaco-
therapy use, Quin can detect and acknowledge a negative
experience (Figure S2).

The chatbot uses the Google Cloud speech-to-text service.
Speech utterances converted by this service are not logged.
The chatbot can recognize and respond in speech or text.
Text input by the user is also available when difficulties with
speech recognition arise. Screenshots of Quin’s user interface
are included in Figure S3. The Quin user interface includes
links to educational videos and Quitline services, the ability
to upload motivational images, cost analysis to track savings,
health diary to track cigarettes smoked and cravings, games
for distractions, a “To-Do List” based on the agreed quit plan,
and an editable summary of the profile information collected
within the chatbot dialogue. All dialogs are currently stored
on Google Cloud Firebase for debugging purposes and users
also can send feedback to the server. The user can export
dialogs to PDF locally on the device, and delete data if they
wish to restart the process.

Results

Smoking cessation counseling interactions that could be
delivered by Quin, and conversation design, were deter-
mined using the combination of analyses and programmed
accordingly.

Translating Conversation Flow and Interactions
Building upon the 7 themes and 35 topics identified in our
previous study,* results from the content analysis and propo-
nent analysis provided further detail to inform Quin’s conver-
sation flow and interactions, respectively.

Content Analysis and Conversation Flow

The mean number of topics for initial and support calls, were 28
(Min 13; Max 41) and 23 (Min 19; Max 28), respectively. The
five most prevalent topics within initial calls were: (1) Routines,
triggers, and strategies (7 = 72); (2) Smoking and quit history
(n = 63); (3) Quitline program (1 = 47); (4) Planning to quit and
goal setting (1 = 42); and (5) Motivation for quitting (7 = 37).

<category>
<template>

</template>
<category>

<template>
<think>

<setmatch />
</db-set>
</think>

</template>

<pattern>-LIVE-WITH-SMOKER-</pattern>

Do you live with anyone else who smokes?

<pattern># {FAMILY-FRIENDS} ~</pattern>

<db-set name="profile-live-smoker">

Will your <setmatch /> be supportive of your quit attempt?

Figure 1. Example of syntactic matching within Quin.
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“Routines, triggers and strategies” was also the most preva-
lent topic across the middle and end stages of conversations,
while “Smoking and quit history” was the most and second
most common topic within the beginning and middle stages
of conversations, respectively. Topics that were exclusive to the
end stage of conversations included “Reinforcing quit plan,”
and “Reflection and feedback” (Figure S4).

Similarly, “Routines, triggers and cravings” (n = 13), and
“Smoking and quit history” (7 =7) were the most preva-
lent topics occurring across all three stages of support call
conversations. Discussions about “Current attempt” occurred
exclusively at the beginning of support call conversations,
while other topics were exclusive to the end of conversations
including: “Confidence to quit”; “Personal life”; “Professional
support”; “Reflection and feedback”; and “Scheduling follow
up” (Figure SS).

Skeleton conversation structures for Quin’s initial (Figure 2)
and follow-up (Figure S6) appointment conversations were
guided by this information, with particular focus on topics
exclusive to certain conversation stages. Given “Routine,
triggers and cravings” and “Smoking and quit history” were
pervasive throughout conversations, effort was made to col-
lect and refer to this information provided by users where
appropriate within Quin’s dialogue.

Interactions with Quin

Interactions identified in the proponent analysis across all
themes were able to be delivered by a chatbot. See Table 1
for examples of transcript dialogue between counselors and
clients, and Quin’s equivalent interactions. Quin was pro-
grammed to sequentially move through a workflow of topics
or allow users to ask specific questions. Interactive buttons,
text input or speech input facilitate the user progression
through the chatbot interaction. Users can opt-out at any
stage of the conversation, but profile information previously
collected is stored. Upon reopening of the app, Quin allows
users to pick up from the end of the profile (if completed) or
start over completely.

Quin begins the initial conversation by introducing itself,
determining users’ intent (including querying if a quit date
has been set) and asking the user to type in their name for
spelling accuracy. The syntactic matching algorithm detects
their name and responds to the user by referring to them by
name going forward.
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Quin then navigates the user through creation of a pro-
file (demographic information, smoking and quit history,
motivation/s for quitting), and formulation of a quit plan
including pharmacotherapy experiences and preferences, be-
havioral strategies for self-identified triggers, and social and
professional support structures. Quit plan information is re-
peated back to the user for confirmation toward the end of
the initial conversation and a summary “To-do” checklist is
accessible in the side-bar. As observed in Quitline practice,
Quin then ends the initial conversation by gauging impor-
tance of quitting for the user and their confidence (or quit
self-efficacy) on a 10-point-scale, suggesting a timeframe
(days) for a follow-up appointment, confirming self-selected
quit date or encouraging setting one if not previously done,
and allowing for question-time.

Follow-up appointments are programmed to draw upon
quit plan information and check in on user’s progress. Users
are first asked how they are going with their quit attempt.
For users who have quit or cut down, Quin confirms elements
of the quit plan including type of pharmacotherapy and if
any issues/side effects are being experienced, strategies for
managing cues and triggers, engagement with professional
support, and level of social support. Reasons for inaction or
relapse are explored and solutions suggested for those who
have not yet started or had quit but slipped up, respectively.

Questions or issues raised by clients within the counseling
transcripts were coded so that Quin could respond appro-
priately in the chatbot dialogue. Quin replies with an “Ok”
when it does not have a response to a declarative utterance.
When issues or questions raised are outside of the scope of in-
teraction with Quin, in that the chatbot is not coded with the
appropriate response or does not understand the utterance
after two attempts, the user is encouraged to speak with their
health professional or Quitline.

Tailoring the Conversation and Quit Plan

As identified in the content analysis, review of the client’s
smoking and quit history information permeates throughout
the typical counseling conversation in order to personalize
quit plans. This created a challenge to see if Quin could col-
lect this history and use it in a meaningful way to inform and
deliver tailored recommendations and interactions/dialogue.

A large proportion of Quin’s initial conversation is ded-
icated to gathering information on users’ demographics,

Quit Plan: Behavioural f \
Profile *Previous eSummary of plan

pharmacotherapy (Including To-Do List)

experience (including «Self-identified triggers eImportance of quitting
*Greeting *Demographics troubleshooting issues) oStrategies «Confidence to quit
eIntention *Smoking History *Quit method preferences eLiving with other eSchedule check-in
*Quit date query *Quit history ePharmacotherapy/Product people who smoke appointment

*Motivation for information and education *Quitline eReview/set quit date
quitting | Practitioner A
access *Question time
Quit Plan: Physical «Social support

Figure 2. Quin initial appointment conversation structure.

N

Reflection, reinforce
plan & follow-up
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Table 1. Examples of Transcript Dialogue (Counsellor and Client) and Equivalent Quin Dialogue/Response

Theme Counsellor proponent Quin proponent

Client proponent  Quin response/data linkage

Client details
and building
rapport

I see that you’re of Aboriginal
origin, is that correct?

We have Aboriginal
counsellors that work here
at Quitline . . . [T1]

What’s got you wanted to
quit at the moment? [T13]

Client history

and motiva- to quit smoking?

Are you of Aboriginal and/or Torres Yes
Strait Islander origin?

What is motivating/has motivated you

Quitline information

They also offer Indigenous
counsellors if you would prefer
to speak to them.

Cost Extra cash is a great reward for

quitting smoking! Are you sav-

tion to quit ing up for something?
Understanding Do you know how nicotine  Just before we start. It’s good to know  No (Counsellor ~ Nicotine is that addictive part of
nicotine de- works in your brain or any-  how nicotine works in our body so proponent) tobacco. When you have ciga-
pendence thing like that? [T3] the products we might talk about Yes (Quin propo- rette, you get that hit of nicotine
make more sense. Can I quickly tell nent) that reaches your brain within
you about this? seconds through your blood-
stream and triggers the reward
centre . . . (cont)
Pharmacother-  So based on that, we would ~ Based on how many cigarettes you are ~ N/A N/A
apy recommend for you to use . currently smoking and how soon
.. both the patches and oral  after waking you have a cigarette,
products. [T11] I'm thinking you would benefit from

using a combination of NRT patch
and oral NRT. We’ll cover this a bit

later.

Behavioral With that morning coffee Have you thought about changing your Go for a walk or  Good thinking
aspects of though, how are you going coffee/tea routine? . . . How do you something
quitting to cope with changing out think you might manage avoiding

that one? What are you cigarettes with your coffee or tea?
going to do and commit
to? [T15]

Additional Alright and so I know you Do you live with anyone else who That’s the hardest [SENTIMENT ANALYSIS]
support and said that your partner smokes? bit This can be really tricky. We can
smoking smokes as well. What sort ~ Will your [FAMILY-FRIENDS] be sup- talk about this a little later.
cessation of support will they be able  portive of your quit?
resources to provide? [T13]

Planning, goal
setting, and
follow-up

So, in terms of quitting smok-
ing, did you have an idea
when you would like to be
doing that? [T4]

Have you set a quit date?

This Thursday. Great, it’s motivating to have a
(Counsellor goal. What date did you decide
proponent) on? [CALENDAR WIDGET]

Yes

(Quin proponent)

[T], transcript number; NRT, nicotine replacement therapy.

current or past smoking behavior/s, and their experience with
quitting including pharmacotherapy use, professional sup-
port, and reasons for relapse. The chatbot is programmed to
detect and draw upon this information in many instances.
Detailed examples are outlined in Table 2. Two questions re-
garding smoking history provide scores to determine heaviness
of smoking, and results inform Quin’s recommendation for
type of pharmacotherapy as well as length of time to next ap-
pointment. Quin also refers to demographic and quit history
information throughout the initial conversation, including via
syntactic matching algorithms and sentiment analyses.

Teachable Moments and User Education

Educational opportunities were purposively programmed into
the chatbot to use teachable moments and encourage informed
decision-making. Teachable moments were both voluntary
and involuntary for the user and included written informa-
tion within the dialogue and embedded links to educational
videos. For example, in response to user’s time to first ciga-
rette response, Quin automatically says . . . The longer this

morning’s cigarette is delayed the better, as it generally makes
quitting a bit easier.” Whereas other educational opportunities
regarding pharmacotherapy and behavioral strategies often
require consent or selection from the user. For example, be-
fore discussing pharmacotherapy options, Quin attempts to
educate users about the physiology of nicotine dependence by
asking “Just before we start. It’s good to know how nicotine
works in our body so the products we might talk about make
more sense. Can I quickly tell you about this?.” Similarly,
users are given the option to learn more about the pharmaco-
therapy option/s they are interested in before confirming their
plan to encourage informed decision-making. Furthermore,
the chatbot has also been programmed to explore, detect and
address common misconceptions about and previous issues/
side effects relating with pharmacotherapies.

Promoting Self-reflection and Client Agency

Exploration of users’ personal behaviors, experiences, and
ideas encourages a sense of agency. While Quin guides users
sequentially through the dialogue, it is the user who has
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Table 2. Examples of Data Linkage/Personalization Within Quin Dialogue
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Category  Subcategory Dialogue Later category Question/Statement
Demo- Living situation Q: Do you live with anyone else  Social support Positive sentiment
graphic who smokes? [SYNTACTIC Q: It’s really great that your husband is going to
MATCHING] assist you along the way. How do you think they
U: Yes, my husband may help you?
Q: Will your husband be sup-
portive of your quit attempt?
[SENTIMENT ANALYSIS]
Quit his-  Most successful/ Q: Did you use anything to help  Previous Q: You mentioned using NRT patches in the past
tory longest attempt you? experience/s with during your longest quit attempt. Did you expe-
U: NRT patches pharmacotherapy rience any side effects?
Support Q: Did you have anyone who Quitline Q: How long ago did you contact Quitline?
helped you during any of your Q: Tell me how it went?
quit attempts?
U: Quitline
Smoking  Cigarettes per day Q: So [Name], how many End of smoking HSI high dependence (combined value = S or 6)
history  + cigarettes are you smoking per history HSI medium dependence (combined value = 2, 3,
Time to first ciga- day—on average? or4)
rette U: Response (HSI score) Q: Based on how many cigarettes you are currently
Less than 10 (0) smoking and how soon after waking you have a
11-20 (1) cigarette, ’'m thinking you would benefit from
21-30 (2) using a combination of a NRT

Greater than 30 (3)

Q: How soon after you wake up
in the morning do you usually
have your first cigarette of
the day

U: Response (HSI Score)

Greater than § min (3)

5-30 min (2)

After 30 min (1)

patch and oral NRT, or a stop smoking medication.
We’ll cover this a bit later.

HSI low dependence (combined value = 0 or 1)

Q: Based on how many cigarettes you are currently
smoking and how soon after waking you have a
cigarette, ’'m thinking you would benefit from
using some form of NRT. We’ll cover this a bit
later.

Q, Quin; U, user; HSI, heaviness of smoking index; NRT, nicotine replacement therapy.

ultimate control over their quit plan. Following completion
of each section, Quin provides a summary of the information
given and asks the user to review and confirm it has under-
stood correctly, with the option to edit if necessary.

In many instances, Quin’s dialogue prompts user to self-
reflect through direct and open-ended questions. Motivations
are explored and users are given the option to upload an
image as a reminder, following which Quin also asks why the
user chose that image and provides positive reinforcement as
a result of syntactic matching. For example, if an utterance
relating to family or friends is detected, Quin responds with
“Staying strong for other people is commendable.” Enquiries
into previous experience with pharmacotherapy allows the
user to consider any side effects/issues they may have had,
and what they like or didn’t like about the product/s, before
indicating if they might want to try that product again. This
discussion also prioritizes pharmacotherapy the user has pre-
viously indicated they had side effects/issues as a means of
addressing misconceptions or providing ways to manage or
prevent side effects. Users are also asked to consider personal
triggers leading to relapse. Quin then provides information
and examples of management strategies for these cues/triggers,
and asks the user to think about what strategy would work
best for them. For example, “How do you think you might
manage avoiding cigarettes without your coffee or tea?.” In
the case of a user living with someone who smokes, Quin
guides the user to reflect upon what this person could do to
better support them when quitting (eg, smoke-free areas in the
home) and encourages them to discuss these ideas with them.

Discussion

The multifaceted and iterative translation of practical
smoking cessation counseling and behavior change strategies
into a mobile app chatbot represents the science and art of
health promotion. Through a combination of analyses of
clinical data alongside oversight from a multidisciplinary
team, the successful development of Quin is a step forward
in expanding the reach of tailored, evidence-based, in-pocket
support for people who want to quit smoking.

This is the first paper to provide a transparent descrip-
tion of the translation of qualitative evidence into the design
and development of a prototype smoking cessation chatbot.
Mobile health (mHealth) is an emerging area of research
which has yet to attain the methodological maturity seen in,
for example, randomized clinical drug trials. The vast ma-
jority of mHealth research focuses on clinical validation and
there is a distinct lack of upstream research regarding the de-
velopment of such technologies, which may ultimately influ-
ence the downstream results of clinical validation. Previous
research has described the design, training, and testing of a
MI chatbot,?® but employed a “top-down” design approach
whereby the chatbot design was driven by a behavior change
model alone rather than real-world consumer and stake-
holder experiences. To our knowledge, this “bottom-up”
approach to dialogue design using counseling transcripts
has been used by one other chatbot for genetic counseling.*'
Additionally, a user-centered approach has been employed in
the design of other mobile health interventions for smoking
cessation, but qualitative investigations were limited from the



618

outset of the design process* or not undertaken until after the
top-down approach was used.* The qualitative foundations
of Quin allow for greater insight into the smoking cessa-
tion counseling relationship, structure and style, inherently
underpinned by behavior change models, and enhances the
conversational ability of the technology by drawing upon
practical examples of smoking cessation counseling dialogue.

Quin’s accessibility is a key advantage, yet its purpose is not
to replace existing counseling services but rather to comple-
ment, support, and potentially integrate into primary care. The
more effective, and thus preferred, method of telephone-based
services is on a proactive basis,'® in that the service initiates
client contact following referral. However, the time between
referral and initial contact can vary depending on the capacity
of the service, and client motivation to quit can potentially
wane during this time. Quin can act as an intermediary sup-
port to initiate a conversation about quitting, thus sustaining
motivation until professional support becomes available, or as
an on-demand assistant outside of service hours. Furthermore,
from an interoperability perspective, information collected by
Quin could be shared between telephone-counseling services
and primary care (eg, General Practitioners) to monitor prog-
ress and improve service efficiency.

Quin, as an anonymous digital coach, may also be preferred
by people who want to quit smoking but are reluctant to ac-
cess counseling due to feelings of stigma, guilt, and shame.?
Previous research has found non-completion of Quitline
programs was associated with cognitive barriers and discom-
fort with the telephone-counseling experience.* The advantage
of Quin, and conversational Al in general, is that the user can
rely on it being neutral and not forming any personal opinions,
and hence may be an attractive option for people hesitant to
engage with human-delivered support services. Encouragingly,
recent qualitative evidence found users attributed human-like
characteristics and behaviors to an app-based smoking cessa-
tion chatbot, which fostered a sense of accountability despite
knowing it was automated technology.”” Users also reported
a greater sense of support from the chatbot compared to that
from family and friends, but also expressed a need for tailored
interactions unique to situations*’ which was a key objective of
Quin’s conversation design.

When considering appropriate Al systems to support
smoking cessation, we must prioritize the inherent complexity
of health behavior change. Al is challenged in this aspect as
multiple intersecting biological, social, and environmental
determinants contribute to individuals’ health,* and as such
we must acknowledge the limits of this technology. A predic-
tive model alone, such as a machine learning algorithm, may
be limited in the degree of personalization and tailoring to
the user in health behavior applications. In contrast to this,
the syntactic matching and template response system used
in Quin allows developers a greater level of control over the
conversation pathway and chatbot responses, tailored to the
user. However, it is not without its limitations. This system
requires comprehensive coding of all potential utterances to
ensure ease and accuracy of syntactic matching, the coun-
seling conversation needs to follow a defined structure, and
responses will need to be reviewed and updated on a regular
basis to ensure they are consistent with current health ad-
vice. For example, we have observed changes in the use of
e-cigarettes as both a potential smoking cessation aid and as
a public health issue since the outset of Quin’s development.
While the foundations of the Quin prototype are based on
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counseling conversations from 2019, the benefit of this tech-
nology is that the content is easily modifiable and adaptable
to new information. Future work can therefore seek to make
iterations to the chatbot based on new evidence (ie, vaping
cessation advice) or tailor to specific demographic groups.
While in its infancy we expect to find gaps in information,
but with increasing amounts of testing from a diverse range
of people Quin will gain more knowledge and become more
comprehensive and fluid in its interactions.

This study is part of a multiphase program of co-design re-
search. While there is wide variability in co-design methods,*
our approach is based on a three-stage model that seeks to
promote digital inclusion®®: (1) Understanding and defining
user and stakeholder needs and experiences; (2) Ideas and
prototype; and (3) Iterative testing and delivery. Earlier
qualitative studies completed as part of stage 1 determined
features liked and disliked by users from a sample of reviews
of currently available mCessation applications,* and con-
versation themes, topics and client questions within Quitline
calls.* Purposive sampling of Quitline calls by demographic
characteristics rather than by call type may be a limitation
of Quin’s development in that more support calls would im-
prove data saturation. However, given the high degree of per-
sonalization required for smoking cessation counseling, the
broader analysis of themes, topics, and basic structure of a
support call provides a good foundation for further modifica-
tion and improvements as we move forward in our program
of research. The next phase (ie, stage 3) of Quin’s develop-
ment is to test it among focus groups of smoking cessation
clinicians and people who smoke. Feedback will inform itera-
tive changes to produce a mature prototype for clinical testing
in a single-arm intervention trial, followed by a randomized
controlled trial (stage 3). Prior to clinical testing the mature
prototype dialogue and content will be assessed to determine
level of adherence to clinical guidelines, and readability of
chatbot responses. Additionally, MI principles and techniques
will be strengthened by identifying practical examples from
the Quitline sample and assessing the fidelity of the mature
prototype prior to trial. The co-design approach allows us
to better understand priorities and experiences of consumers
and stakeholders through meaningful engagement, and opens
a dialogue for collaboration and sharing of ideas. In doing so
it assists in ensuring Quin is appropriate and acceptable to the
target population, which in turn may improve its effectiveness.

Conclusion

Grounded in real-world smoking cessation counseling
interactions and built using a complex chatbot framework,
Quin is a prototype mHealth chatbot designed to provide
in-pocket access to personalized smoking cessation advice.
Chatbot interactions have been designed to promote ed-
ucational opportunities, informed decision-making, user
self-reflection, and self-agency. While the potential of Quin
to provide meaningful and effective smoking cessation assis-
tance is yet to be tested, its development represents a novel
step toward accessible tailored support and future integration
of mHealth interventions into healthcare services.

Supplementary Material

Supplementary material is available at Nicotine and Tobacco
Research online.
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