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ABSTRACT
Pain is a ubiquitous and multifaceted experience, making the gath-
ering of ground truth for training machine learning system partic-
ularly difficult. In this paper, we reflect on the use of voice-based
Experience Sampling Method (ESM) approaches for collecting pain
self-reports in two different real-life case studies: long-distance run-
ners, and people living with chronic pain performing housework
activities. We report on the reflections emerging from these two
qualitative studies in which semi-structured interviews were used
to exploratively gather initial insights on how voice-based ESM
could affect the collection of self-reports as ground truth. While
frequent ESM questions may be considered intrusive, most of our
participants found them useful, and even welcomed those question
prompts. Particularly, they found that such voice-based questions
facilitated in-the-moment self-reflection, and stimulated a sense
of companionship leading to richer self-reporting, and possibly
more reliable ground truth. We will discuss the ways in which
participants benefitted from subjective self-reporting leading to an
increased awareness and self-understanding. In addition, we make
the case for the possibility of building a chatbot with ESM capa-
bilities in order to gather more enhanced, refined but structured
ground truth that combines pain ratings and their qualification.
Such rich ground truth can provide could be seen as more reliable,
as well as contributing to more refined machine learning models
able to better capture the complexity of pain experience.
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1 INTRODUCTION
Pain can be ubiquitous, emerging at any point or context in daily
life. It is heavily intertwined with physical activities and exertion,
but also emotions, mood and behaviours (as well as social elements
of daily routine) can influence pain appraisal. For instance, long-
distance runners can perceive heightened levels of pain as either
a boost to their stamina (pain as a form of pride), or as an obsta-
cle towards completion of the track (pain as developing worries)
[1]. Similarly, people with chronic low back pain may develop fear
of housework chores, due to anticipating pain increase [2]. Such
appraisals of pain are thus highly dependent on other factors be-
yond simply assessed pain levels [2-5]. Aside from the inherent
complexity of analysing pain experience given this multifaceted na-
ture, standard observational techniques and external data collection
practices [6] might be, under specific circumstances, simply not
practical, or at least sub-optimal. Aside from the issue of observa-
tion and subsequent labelling/annotation being time and resource
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intensive, our two case studies exemplify how these methodological
approaches might be limited or not applicable in certain instances:
on the one hand, runners cannot be physically observed in-situ,
unless operating in specific scenarios (e.g. treadmill); on the other
hand, the ubiquity of pain in people with chronic low back pain
means that standard observational settings might not shed light
to more mundane scenarios where presence of researchers for the
purpose of observation and/or recording might not be a feasible
option: participants might carry out activities at ‘non-social’ hours,
or in spatial contexts that might be radically different from the ones
observed in clinical settings.

In such contexts where observation might be impractical, in-situ
(i.e. in-the-moment) self-reporting [7] is a standard practice, and
a more efficient data collection approach. This experience capture
method allows participants to elaborate upon their experiences
across a temporal and spatial axis. Moreover, in-situ approaches
attempt to avoid potential risks of recalling bias which might be
prominent in other forms of self-reporting (e.g. post-activity self-
reporting), as well as attempting to provide more fine-grained data
given the shorter gap between experience and prompt. In-situ self-
reporting can also be conceived in a way as to understand pain
experiences in a nuanced and multi-faceted manner – allowing
participants to elaborate and assess upon different contextual ele-
ments which might play a part in their understanding of pain (e.g.
confidence, emotional state, exertion, etc.).

One drawback to in-situ self-reporting has been the nuisance
and intrusion it represents, which has led to the use of sparse self-
reporting events. We argue that for certain situations, instead such
approach may lead to a very fine grained (e.g., even every minute)
and possibly more insightful ground truth, if the approach is well
designed. However, precisely how to design such approach for
continuous use in everyday life scenarios is still an open question.
This is the questionwe have started to address in this paper. Here we
show that ESM-based self-reporting not only provided high-quality
data regarding pain experiences in an efficient and feasible manner
for machine learning researchers. In addition, in-situ self-reporting
has also proved a particularly useful instrument of self-discovery
for participants themselves. Such engagement with self-reporting
and such increased awareness of one’s pain and body may in return
further contribute to reliability and richness of the ground truth
for building the recognition systems.

This paper is developed as a series of reflections on our prompt-
ing of research participants for in-the-moment, subjective self-
reports of pain and several other subjective experiences. In par-
ticular, it is based upon two main research contexts: 1) people
performing long-distance running; 2) people living with chronic
lower back pain performing daily functional activities in an indoor
home context. We consider these case studies to be particularly rele-
vant since previous research showed that runners were particularly
receptive to being assisted by an automatic recognition systems
which could aid them in understanding their overall physical con-
dition, as well as allowing them to share live such experiential data
with spectators and coaches alike, in order to receive better and
more personalised support during a race [1]. The case of runners
can also be considered representative for other sports and physical
performances. Similarly, it has been argued that people who live
with chronic pain could benefit from automatic recognition systems

which could equip them with better pain management skills and
insights to be deployed in their daily life [2, 4]. In addition, pain
self-management is required in many long-term conditions (e.g.,
post-stroke, multiple sclerosis). In these two studies, we took a
fully qualitative approach by conducting in-depth semi-structured
interviews. Through these, we sought to explore how participants
perceive and understand the dialogical mechanism underpinning
voice-based approaches to ESM, as well as how such approaches
could affect behaviours and the self-reporting of ground truth la-
bels. Additionally, such insight-heavy interviews allowed us to
preliminarily enquire regarding the factors to be considered when
designing voice-based prompting systems. In this sense then, the
current paper is solely focused around better understanding and
positioning the insights on potentially enhanced ground truth la-
bels and reported benefits provided by the participants, rather than
quantitatively evaluating the degree to which such benefits led to
improvements of self-reported ground truth data: while we consider
such analysis necessary and of paramount importance, it is outside
of the scope of this paper.

Building such pain automatic recognition system requires
ground truth labels of people’s pain state to train the machine
learning model: collection of such ground truth labels remains a
challenge in the field of affective computing and machine learning
[8, 9]. As mentioned above, such ground truth collection is particu-
larly arduous in ubiquitous contexts such these ones, making the
issue of exploring and thinking through different data collection
techniques even more pressing.

Despite the differences in activity type, population group, and
physical setting, preliminary analyses of captured data, as well as
participant feedback in both studies, suggest that participants per-
ceived important and often unexpected benefits from self-reporting
their levels of pain at set intervals: these ranged from improved
self-awareness, enhanced understanding of the experience, better
understanding of the compositionality of movements, as well as
a heightened understanding of how other facets of pain experi-
ence (e.g. worries, confidence, exertion, etc.) influence variation
in pain and its understanding. In short, in-situ self-reporting stim-
ulated richer and more profound self-reflection on which partici-
pants could act to better understand their pain and the activities
performed. Furthermore, in the long-distance running case study,
several participants stated that the computer-generated prompt
for self-reporting provided them with a sense of social compan-
ionship often lacking while running. Such insight informed our
design of the self-reporting system for the chronic pain case study,
and also prompted preliminary discussions regarding the possibil-
ity of constructing a chatbot that could leverage such feelings of
companionship while collecting self-reporting data.

In this paper we will first present participants’ discussions of
the benefits they found in in-the-moment self-reporting using a
voice-based ESM system. We then further provide a preliminary
discussion considering the following: 1) how a tailored and context-
dependent approach to designing self-reporting systems could max-
imise retention of self-reporting and perceived benefits of it for
participants, which would in turn translate into more represen-
tative and fine-grained data for researchers to work on; 2) how
the sense of companionship highlighted by participants could be
further integrated and enhanced within a technical system, such
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as a chatbot, which could maintain the benefits stemming from
ESM-like capabilities, while also extending the benefits participants
felt from interacting with a human researcher; 3) how subjective
reflections stemming from self-reporting could contribute towards
more precise ground truth labels enriched by qualifiers for building
systems of pain recognition and assessment.

2 STUDY DESIGN
Within both studies, we based self-report design upon the Experi-
ence SamplingMethod (ESM), understood as a longitudinal research
method to gather participants’ feelings in the moment at set inter-
vals [10]. We adapted our implementation of the ESM to be attentive
to the specific contextual needs of our studies. While many existing
ESM systems (e.g., [11-14], see a review in [10]) require people to
physically interact with a device to self-report via their hands, such
a solution would not be optimal within our scenarios, given that
maintaining mobility and free hands are a priority, so as not to
disrupt the flow of ongoing physical activities. For this reason, in
these studies we sought to explore the use of a voice-based ESM.
This novel approach thus affords minimally invasive interaction
in terms of bodily movements and gestures needed to successfully
interact with the system. In addition, we have extended the ESM
design by combining typical self-reporting rating questions with
think-aloud descriptions of experience. While participants in the
first study were openly invited to talk back to the system to pro-
vide additional details, participants in the second study were not
explicitly asked to, but were not stopped by the researcher if and
when they started to do so. As mentioned previously, we engaged
in in-depth interviews in order to first understand the benefits
participants perceived from self-reporting, as well as to explore
how a voice-based self-reporting system could impact the quality
of ground truth data gathered. At the current stage, the research
remains insights-oriented, and we thus focused on a smaller sam-
ple size: we understand that such limited number of participants
cannot provide any robust and objective direction to make claims.
Nonetheless, we believe such insights are important starting points
to both rethink design imperatives, as well as to further advance
our research.

2.1 Study 1
The study with long-distance runners was conducted first. The
study involved 11 runners (five males, six females) who often run
either more than 5 km, or for at least 30 minutes. We selected this
distance/time lower bound as it allowed us to prompt participants to
self-report multiple times. Their running location varied – outdoor
track (3), indoor treadmill (6), outdoor park (3). The voice-based
ESM system was developed as an Android application. During the
run, participants wore smart earbuds, and the phone was attached
to a waistband. The self-reports were captured by the microphone
of the earbuds, and then stored on the application.

Every minute runners were prompted to self-report by a
computer-generated voice (built using TtS software). The prompt
we used was the following question: “What is your level of pain,
exertion, desire to stop, and your emotional valence?”. Beforehand,
we trained the participants to verbally rate these states: pain, ex-
ertion, desire to stop with ascending numerical values between 1

and 5 (1 means not at all; 5 means maximum level); and emotional
valence on an ordinal scale comprising three points: {negative, neu-
tral, positive}. In addition, between prompted self-report ratings,
we invited participants, if they wished, to think aloud as if talk-
ing to the ESM system. We additionally collected behavioural and
physiological data using sensors: head motion data captured with
accelerometers embedded in the smart earbuds, blood volume pulse
and electrodermal activity signals based on a smart bracelet, and
foot pressure data using smart insoles.

We then interviewed them, using a semi-structured approach,
about their experience of using and interacting with the voice-based
ESM system during their run. An initial thematic analysis [15, 16] of
the interviews revealed that participants enjoyed the conversational
element provided by the ESM system, and in fact desired that the
system more closely mimics human-like conversations. To start to
explore the possibility of this, in the second study, we replaced the
computer-generated prompting system with the human researcher
delivering the ESM prompts.

2.2 Study 2
As noted above, the ESM design in the second study was based
on preliminary findings in the first. The second study involved 10
participants (5 male, 5 female) who self-identified as living with
musculoskeletal chronic pain involving the low back. These partici-
pants were asked to perform indoor household activities that they
would normally do as part of their daily routines, while observed
remotely by the researcher. Activities lasted between 10 and 30 min-
utes, and included chores as varied as cleaning surfaces, hoovering
floors, painting walls, washing dishes, loading/unloading washing
machines.

Participants were prompted every minute by the researcher. To
avoid disruptions, the question “What is your level of pain, worry,
and confidence in tasks at this moment in time?” was replaced by a
shorter word, ‘time’. Pain and worry were assessed on an ascending
numerical scale from 0 to 10 where 0 = no pain and 10 very severe;
confidencewas assessed using an ordinal scale of {no confidence, less
than average confidence, average confidence, more than average
confidence, max confidence}. We also collected movement data
while the participants performed activities. For this purpose, they
wore a set of 6 Notch motion capture sensors, positioned on the
right wrist, right upper arm, chest, waist, right thigh, right calf. We
also video-recorded all activities for further movement analysis and
annotation.

Following the activity, participants took part in a semi-structured
interview. As with the first study, this was to gain insight into their
understanding of the constructs that they were reporting on, as
well as their opinions on the ESM. Building upon the first study, we
additionally enquired about the perceived benefits of a dialogical
ESM approach, as well as about how they thought technology could
help them manage their chronic pain condition. The interview data
were analysed following several steps of thematic analysis [15, 16].

As mentioned above, the most salient difference between the
two studies was regarding what was prompting participants to self-
report – with the first study relying on an automated system, and
the second one on human-generated prompts. Furthermore, in the
second study, the researcher often engaged in short conversations
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in between self-reports, either by responding to participants’ com-
ments, or by making situational remarks. We will further comment
on the importance of this later on, but it is relevant to remark here
that this was just small-talk about participants’ hobbies, how the
day was going, observable memorabilia around the environment,
etc.

In this paper, we do not focus on the sensor data, but on un-
derstanding how a valid and rich ground truth can be gathered by
participants themselves at the same time as the data tracked by
sensors. Hence, thematic analysis was used to analyse the interview
data and the think-aloud data gathered during the data collection.
The dataset is not the focus of this paper.

3 FINDINGS
In this section, we will be presenting some of the most salient
findings regarding the benefits participants felt that they gained
from reporting their state while carrying out physical activities,
in spite of the voice-based ESM initially being developed just for
the purpose of collecting data useful to the researchers. We then
reflect the effect that the perceived benefits have on the level of
granularity and reliability of the ground truth for building pain
recognition systems. We also provide new insights on how a voice-
based ESM should be designed to enhance such outcomes. We
report these findings under four main themes below. In reporting
the direct quotes from participants, RP# will be used to indicate
runner participants and CP# for the participants living with chronic
pain.

3.1 No negative reaction to fine-grain
self-reporting.

It is worth first pointing out that no negative reaction was observed
in the participants in attending to and verbally elaborating upon
their pain experience so frequently [17]. As far as runners are con-
cerned, they saw the self-reporting as a positive distraction (from the
default negative reaction to pain), rather than a negative obsession
(over possibly heightened pain):

“It’s funny, because I thought that they [i.e. self-
reporting prompts] might make me engage more with
the pain. [. . .] But actually, [...] if I hadn’t been listen-
ing to anything at all, I would have been more like ‘oh,
when can I stop [running]? When can I get out of the
pain?’. While actually listening to the questions was
the distraction from such negative thoughts.” (RP005,
Female, 22)

Similarly, none of the participants living with chronic pain felt
that thinking about painwhile in pain hindered their ability to carry
out activities. Quite the contrary, participants felt that reporting
about pain in the moment allowed them to implement previously
learned thought patterns more successfully. CP003 (Male, 56) for
example reported that the days in which pain is more manageable
are thosewhen he is able to acknowledge the pain, talking to himself
and say “hello pain, I know you’re here. You’re welcome in”. Self-
reporting allowed him to extend this attitude to the period while
he was doing house chores. Other participants were initially more
sceptical about the ESM approach, only to then see benefits in their

use of it. CP009 (Female, 59) for instance said at the end of the
study:

“To be honest, at first I wanted to ask you [the re-
searcher] not to do the assessment thing. I was wor-
ried about constantly referring back to my pain [. . .].
But actually, it’s never been a paralysing thought:
even when the self-reporting made me aware that
things were bad. . . even that allowed me to think
‘okay, where is the bad coming from?’ [. . .] I believe I
could actually make some positive changes through
these assessments and awareness.”

It is worth noting that chronic pain study participants all seemed
aware of the underlying dangers of negative reactivity – i.e. self-
reporting making them hyper-aware of pain. They all highlighted
how self-reporting could be a useful instrument for self-reflection
only insofar as one already inhabits a specific detached mindset
where pain is acknowledged and made amenable to observation,
without allowing it to take over. It is thus important to stress how
self-reporting should only be considered as one of the many strate-
gies within a larger and more complex pain management toolkit
[17].

3.2 Self-reporting triggering self-reflection.
It is precisely this idea of self-report triggering self-reflection out-
lined by CP009 that participants in general found as the most benefi-
cial aspect of the self-reporting exercise. Particularly, self-reflection
was articulated according to 4 main parameters: a. awareness of
one’s body and movements; b. temporal and comparative under-
standing of pain and its fluctuations; c. deeper understanding of the
relationship between pain and the other experiences self-reported;
d. ability to better verbalise such acquired knowledge.

3.2.1 Awareness of one’s body and movements. As far as the topic
of knowledge of pain and movement is concerned, participants in-
volved in the running study brought up the fact that self-reporting
translated into a heightened attentional focus on the present mo-
ment, with particular regards to body movements and bodily sen-
sations. In such a state, they felt it was easier for strategies of
self-regulation and self-intervention to trigger. For instance, RP005
explained that without a self-reporting prompting system her
thoughts would wander off, losing focus and therefore making
it harder to intervene on one’s performance. In this sense, RP003
(Female, 28) emphasised how the self-reporting prompts helped her
in constantly referring back to the body, to how it moves and what
it needs:

“Maybe you’re thinking something completely
different. . . Then, at some point, I had that input [from
the ESM], and I start to think ‘okay, let’s checkmy pos-
ture. I feel like my shoulders are a bit tight. So, I need
to release and relax the shoulders and the arms’. I was
saying that out loud. [. . .] So [through self-reporting]
I will make sure that I’m running in a very economical
way.” [RP003]

Similarly, many of the participants in the chronic pain study
shared that self-reporting became a tool that equipped them with
the awareness and knowledge to subjectively decompose a given
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activity, and reflect upon how each movement flowed throughout
their body. CP003 cogently described referred this as the capacity
to see movements in their granularity, understanding how at each
given time-point specific gestures have a direct and immediate
impact on one’s understanding of their body and its condition.
CP007 (27, Male) articulates the positive benefits of such granular
insights as follows:

“One thing I noticedwhen youweremakingme do the
self-reporting, it made me realise how I normally. . .
when I do tasks, I do them in a sort of very blurred
state. I’m not aware of what pain is being caused by,
I’m not aware of the movements I’m doing, how I’m
doing them, how I feel about them and what they
do to me. But [by self-reporting] I started noticing
how the specific movements would cause pain in my
body. And more than noticing it, I could feel it. This
is something I am not able to pay attention to most
of the time. If someone said to me now ‘check your
body right now, where is the pain and where does it
come from?’ – I could tell you [. . .]. But a lot of the
time I’m completely disconnected and I wouldn’t be
able to.” [CP007]

Such granular understanding seems to have allowed participants
to disentangle themselves from the idea that an activity necessarily
generates pain, and might therefore become something to be indefi-
nitely put off. Rather, self-reflection through self-reporting allowed
them to start to unpack movements as sequential and granular.
Such an understanding was particularly prominent in the reflec-
tions CP004 (48, Female) shared regarding cleaning the bathroom.
She felt that she tends to find the activity challenging, and often
puts it off as much as she can. While doing the activity as part of
the study, she found the task much less daunting. She explained
her belief that the self-reporting allowed her to constantly check
that her pain, worries and confidence were at levels she deemed
‘okay’ for the vast majority of the activity. In this sense then, CP004
thought that self-reporting functioned as a way for her to step out
of the resolute thought pattern in which cleaning the bathroom
(as an unspecified, unscrutinised series of movements) is perceived
as painful, daunting and to be avoided. It equipped her with the
knowledge that specific movements and habits within the activity
cause her elevated levels of worries and pain. This was tangible
and personalised knowledge that she felt she could act upon: for
instance, she mentioned she could discuss with a therapist how to
tackle (physically and mentally) the particular movements associ-
ated with cleaning the tiles, as well as more radical solutions such
as retiling the room.

3.2.2 Temporal and comparative understanding of pain and its fluc-
tuations. Participants found self-reporting useful not just in terms
of gaining in-the-moment awareness. They also stressed that it facil-
itated a comparative process to understand the temporal unfolding
of pain. This was particularly pronounced among runners, with
many of them stating that self-reporting helped them to be more
aware of the transitory nature of pain. Some of them (RP008, Male,
26; RP011, Female, 28) stated that theywere able tomentally develop
a sort of visualised graph that allowed them to record, store and
recall the fluctuations of their pain status. Such a mental exercise

could help them have a more insightful and personalised perspec-
tive on their running experience, as well as allowing them to better
evaluate their performance. In this sense, self-reporting functioned
as a way for them to think about their conditions in more relative,
rather than absolute, terms, evaluating progress systematically. For
example, RP011 mentioned:

“It made me compare throughout the session. Before
I was at exertion level 1 [...] then I started getting a
bit tired. Is it now 2? I was rationally thinking: is this
how tired I can get? can I get more tired? Can I get
less tired? So, it’s not only a number. [. . .] It has more
nuance, more richness. [...] I thought I ran too much,
as I was so tired at the end. But [when I think back to
my self-reports across the run] I realize that I started
at exertion level 1, and I finished at level 3. I actually
didn’t push myself as much as I thought. [...] So, this
question help[s] me say, ‘you’re tired, but it’s not the
worst that you can be”’. [RP011]

This capacity to follow the temporal changes in one’s condition
bestowed a renewed sense of security and achievement in some
runners. For instance, RP007 (Female, 23) said that, by being able
to visualise and foresee the full experience:

“I felt like I could understand how I’m changing over
time. Even though you’ll see it wasn’t like a massive
change, there was a general pattern of being okay at
the beginning and then feeling tired and then stopping
a bit and walking, then being okay again and then
being tired. [...] It was also good to be able to see that.”
[RP007]

3.2.3 Deeper understanding of the relationship between pain and
the other experiences. Particularly in the context of people living
with chronic pain, many participants elaborated on the usefulness
of self-reporting in terms of allowing them to be more aware of
the complex, and often confusing, connections between their levels
of pain and their emotions in the moment. Participants thought
that being asked to assess their worries and confidence gave them
the chance to reflect about how these elements impact one another
and their felt (and reported) pain, again in a much more granular
way. In this sense, CP004 mentioned that for her managing pain
successfully equates with understanding when she starts getting
too worried about pain, and that worry becomes a paralysing fear.
The issue stopping many people from successful management, she
recognises, is in being able to pick up those paralysing thoughts as
they emerge, in being able to recognise the intimate relationship
between worries becoming fears, and pain. She stated:

“You can’t do anything about a thought, you can’t
stop that thought from stopping you, unless you catch
yourself doing it first. Having to think every minute to
tell you about my worries helped me catch those pat-
terns in the first place. It allowed me to catch myself
saying ‘am I worrying about this? Oh yes, I am. What
am I worrying about? Can I do anything about it?’.
That’s the moment where I can then use all the other
strategies, we talked about to counteract irrational
fears”. [CP004]
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From CP004’s remarks, what self-reporting seems to be adding
to the equation is the possibility to operate upon emotions as they
emerge, rather than pre-emptively or retroactively. It allowed her
to truly ‘catch the thought’ in the moment.

Reflecting more explicitly on how self-reporting made her more
aware in the situations she has practically explored with the re-
searchers, CP006 (43, Female) came to similar conclusions. She felt
self-reporting allowed her to start to unpack the moments and in-
stances in which her confidence is impacted by physical exercises,
which in turn allowed her to question whether those thoughts were
related to pain itself, or to previous and/or different experiences,
and what could be done about such instances.

It is also worth noting here that the design of our self-reporting
protocol was ultimately closed: participants were restricted in the
labels they were self-reporting on (the labels are four types of state
decided from our previous study [1, 18]), and they were required to
answer the prompts with just absolute values they had memorised
in advance. While the choices of labels were motivated by previous
studies which highlighted how worry and confidence are important
factors in the experience of pain in people living with chronic pain
[4, 19], and exertion is central for people practicing sports [1, 18],
some participants highlighted how there were indeed other factors
they thought would be relevant to pay attention to. Almost all
participants in the chronic pain study mentioned they would have
liked to be asked to self-report upon their emotional state. In this
sense, CP009 mentioned:

“Yes, I definitely think you picked the right words,
nothing to object there. I also think that I would have
liked more freedom to tell you how I am feeling. Be-
cause that varies a lot while I’m doing chores, and
it has an impact on my pain, and I often struggle to
figure out why and how my mood swings. So for in-
stance, when I’m ironing I often get depressed, and
that makes my pain worse. I never seem to be able to
figure out when that happens, and I think that being
asked about how I’m feeling could help me figure that
out. And then who knows? Maybe that could help
tackling the pain side of things.” [CP009]

In this sense then, a more open-ended approach to self-reporting
might be taken, for instance by allowing participants to more freely
report upon what they believe is relevant in a given circumstance.
Using a language that makes sense to people in specific situations
and emotional circumstances may also be critical to contribute to a
more reliable and fine-grained ground truth, where ‘fine grained’ is
here understood in terms of the type and quality of the experience,
rather than simply temporal frequency (of the report) or intensity
(of the reported levels).

3.2.4 Ability to verbalise in detail acquired knowledge. Lastly, both
studies showed how a voice-based, more dialogical setting trans-
lated into more expansive self-reporting, with participants often
elaborating beyond scalar values they were required to provide.
In the study with runners, where participants were encouraged
to think aloud the thoughts in their minds (in order to gather ad-
ditional and contextual information regarding one’s experience),
all participants mentioned self-reporting naturally extends itself

to more refined explanations around the mental processes under-
lying one’s evaluation. For instance, RP003 stated: “You probably
wouldn’t want to just limit yourself to a number – I also want to
say ‘I reply with [this number] because [this arose; this movement
happened; etc.]”.

More interestingly, in the study with people living with chronic
pain, participants have never been encouraged nor required to pro-
vide additional information beyond answering to the self-reporting
prompts with the scales they had memorised. Despite this, in many
instances (with all participants doing it at least once) they provided,
alongside their self-report, a brief exegesis to explain particularly
noteworthy changes in the self-reported values between consec-
utive sampling points As we will argue in our discussion, such
insights are not just important verbalisations that could aid users
towards better awareness of bodily changes, but could also be suc-
cessfully integrated as qualitative data for better refinement of
ground truth labels.

3.3 Self-reporting fostering a sense of
companionship.

Alongside the heightened capacity for self-reflection, runners sur-
prisingly highlighted how voice interaction via the ESM system
provided them with a sense of a socially shared running experience,
as well as a sense of companionship. RP010 (Male, 29) for instance
mentioned that the voice interactions felt like “talking to my friend”,
commenting that “it’s good, it’s talking to me like a friend. It keeps
me entertained, occupied”. Along similar lines, RP003 said that “it
was interesting – having these inputs. . . like this question every
now and then. It felt like [. . .] a companion”. Interestingly, this
social function seemed to enhance positive emotional attachment
to the system, making runners feel better in return. In this sense,
RP005 (Female, 40) mentioned:

“It prompted me to talk. [. . .] And I found that talking
to the device made me feel happier. Whereas if I had
just been quiet, I wouldn’t have been so happy. I don’t
know why that was the case. It feels like. . . I have
someone to talk to even though you’re just talking
out loud” [RP005]

Some runners also advocated for a more human-like, person-
alised ESM system. They expressed their preference for a human
voice, rather than a computer-generated one. Particularly, some
mentioned that a familiar voice (e.g. a friend, family, or fellow run-
ner) would be particularly helpful in augmenting the self-reflective
behaviours outlined above. For instance, RP003 said:

“I think if it’s like a person that you know. . . I think it
would be an interesting experience. It would feel more
familiar, instead of being a synthetic voice. [. . .] So it’s
like they are asking how you are doing during the run.
[It would be helpful] especially if it was someone that
you normally share your running experience with”
[RP003]

Participants in the chronic pain study (who were prompted by a
human actor) commented even more emphatically regarding the
potential for companionship afforded by self-reporting. CP003, for
instance, thought that having someone, or something, to relay
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feedback to allowed him to feel closer to an ideal of personalized
care. Particularly, he felt that self-reporting could be a good avenue
and opportunity for both self-monitoring and the feel that someone
is listening and continually ‘checking in’ on their status. He further
elaborated:

“There is huge potential here for input [. . .] [for] that
extra anything. It feels like you are talking to someone,
that you might be getting a little bit of feedback. Or
maybe what you’re doing wrong, what you could be
doing better. Just feels like something checking in on
you remotely. That could be very positive.” [CP003]

Similarly, CP002 (37, Female) felt that self-reporting served self-
reflective purposes similar to written diaries she had been tasked
to complete in the past. Unlike diaries however, self-reporting to
a physically present human gave her a feeling of social presence,
of someone being there to listen, and therefore a heightened sense
of accountability. Because someone was on the other end listening,
she felt that she could not just pretend, or give answers without
much thought.

Lastly, CP005 (44, Female) further elaborated on the idea of the
self-reporting as a positive (social) distractionmentioned previously.
The house activity that she carried out in the session was a small
painting job in her flat. At the end of the activity, the researcher
remarked that she had been working for almost 30 minutes. She
was positively surprised by this observation, and mentioned to the
researcher that it had never happened that she could paint for such
a long amount of time without major breaks, and that she never
managed to paint an entire wall in one sitting. Further reflecting
on the experience, she said:

“I feel like it’s because you were there asking me
things, and then we got to talk about other things. . .
it just made me feel like pain was there, but it was
also not everything. I felt distracted, but still focused
on my work. It’s similar to when I’m doing stuff in the
house with [wife]: her voice calms me and distracts
me, and we get to talk about stuff, and all of a sudden
I realise I’ve been at it for almost an hour” [CP005].

4 DISCUSSION
Through our two studies, we have shown that a voice-based ESM,
complemented by participants’ additional think-aloud reflections,
has led to more engaging self-reporting experience, one which stim-
ulated self-awareness and triggered self-reflection, thus providing
immediate and tangible benefits and value to the participants them-
selves. These two factors have shown the potential for obtaining
more considered, and hence possibly more reliable ratings. In ad-
dition, the think-aloud exegeses complemented such ratings with
rich contextual and highly subjective qualifications of the rated
experience, thus providing further information for a fine-grained
ground truth. Unfortunately, the analysis of such free text poses
challenges to the Natural Language Processing communities, partic-
ularly in terms of how to automatically transform such free text into
a ground truth suitable to train a pain recognition machine learning
model. To address this problem, our studies also suggested that the
voice-based ESM approach should embrace the dialogical structure
of a chatbot to facilitate think aloud moments by leveraging a sense

of social companionship. On the one hand, companionship could
contribute to the engagement level by fulfilling a user need, as
well as making the think aloud self-reflection process more natural.
On the other hand, the dialogical structure provided by a chatbot
could further help people to elaborate their self-reports in a more
structured dialogical format. Such structure would enable to more
easily extract the information (e.g., comparative ratings, location
of the pain, type of pain) to train pain recognition systems, or even
simply validate and refine the ground truth. In the next section, we
briefly discuss the above points.

4.1 Maximising benefits of self-reporting.
As emerged from participants’ experiences, self-reporting has
the potential to be more than just an efficient data collection
tool for researchers, and rather provided tangible and integrative
benefits for participants too. Participants in both studies valued
how synchronous self-reporting facilitated self-awareness and self-
understanding, thus assigning value to the ESM exercise beyond
merely completing an assigned task. This could be a reason for
participants to (pro-)actively engage in self-reporting, which is also
highlighted by existing ESM literature: participants’ retention is
maximized when the ESM activity is perceived as relevant and of
value to them [20, 21].

As shown in the findings (see theme 3.2), participants found value
in the enhanced opportunities for self-reflection and introspection
emerging through self-reporting. This is in line with previous stud-
ies which highlighted that ESM helped people to be aware of the
underlying meanings of, or reasons for, their feelings, judgements,
and behaviours, by encouraging them to reflect on otherwise unno-
ticed events [22], and the studies that showed the self-reporting in
enabling reflection can the cycle of people’s unhealthy habits [23].
Despite such consensus, further work is necessary to better outline
detailed guidelines for designing an ESM system that leverages such
findings, particularly in our specific study contexts (i.e. running
and chronic pain).

Our findings suggest that facilitating self-awareness and self-
understanding necessarily involves careful consideration around
different design steps. For example, how should the ESM system
kickstart a person’s introspection process? Speech, either from
computer-generated or human-generated voice messages, worked
in our studies – not only because it is minimally intrusive to the
functional activities considered here but also because it seemed
to evoke a sense of social association, mimicking the dynamics
of a conversation. It is particularly important in this sense that
the ESM system prompts be clear and easily understandable by
participants.We believe that further studies are necessary to explore
and assess how the dialogue between participants and the ESM
system (potentially a chatbot) should be designed, particularly in
terms of starting the conversation, as well as accounting for other
context-dependent factors: questions such aswhen and how often to
send question prompts, the kinds of phrases to be used, the speaking
style and tone to be used will have to be attuned to the specific
scenarios the agent will be deployed in. All of these considerations
could be further explored, particularly through empirical studies
and comparative usability tests, in order to maximise the perceived
benefits of the system for participants in real-life scenarios. Such
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understanding will further help us design a chatbot-supported ESM
system towards stimulating users to kickstart an introspection
journey towards mindful self-awareness.

As shown in findings 3.2.1, we observed that our participants
often conducted a mental checking of their body (e.g., shoulder,
arm, etc.) and current activity performing immediately before re-
porting their experience. If such examinations were skipped, the
self-reported experience might be biased by several factors, includ-
ing the memory of the pain from the previous moment, or the
anticipation of pain in a future moment. The ESM system could
play a role here to counsel participants by promoting body scan-
ning. Such scanning guidance should be tailored to contextual and
individual differences. For instance, people with chronic pain might
need more focus on certain parts of their body, or during certain
types of movements. Runners often need to investigate their full
body postures to make sure that there is as little as possible negative
impact on any injured body part. Such mindful scanning activities
could be integrated into a chatbot with ESM capabilities.

More importantly, findings (see theme 3.2.2) in our studies seem
to suggest that, once participants acquired knowledge of their in-
the-moment experience, their interests grew further, towards re-
thinking and comparing both their past experiences and future
possibilities. Runners for instance relied on the comparison with
previously self-reported pain (e.g., a mile before, or at the beginning
or the run) to rate their current pain level; they also often referred
back to the self-reporting in its entirety to draw conclusions regard-
ing their performance. Such comparative behaviours for assessing
subjective experience have been studied as ordinal/relative ranking
(e.g., higher pain, lower pain) [24-26], which has been proved to
be more reliable than absolute rating (e.g., level 3 or 4) as ground
truth for machine learning training. In this sense, it might be rel-
evant in the future to explore an ESM system that guides partici-
pants towards relative ranking and self-reporting. A chatbot with
ESM features could ask questions to guide participants to conduct
comparative subjective evaluation that are often considered more
reliable [27], but in a context that makes sense and that is useful
to the user. Particularly, further research should be conducted to
study and evaluate how the choice between absolute rating, rela-
tive rating, or a hybrid approach could affect the user experience
(e.g., user’s cognitive load, memory effect) of self-reporting, and
in turn affect the reliability of pain self-reports as ground truth
for machine learning training. Leaving aside these important ques-
tions around the modality of rating, we believe ESM-stimulated
prompts could be at the basis of a system which could provide a
quick and easy overview of previous reports – giving for instance a
pain summary. The appropriateness of any representation formats
needs to be investigated particularly considering usage contexts:
people with chronic pain might visualise such data through a larger
screen at home, whereas runners might find it more useful to have
such schematics read out loud. It will also be important to assess
whether providing such summary might affect users’ perception
of their current state, possibly making a potential benefit into a
dangerous hinderer.

Finally, the use of the chatbot could enable to transform the free
think aloud used in our study in a more structured conversation. A
chatbot can extract end-users’ expressions as parameters that can
be easily used to perform computational and logical processing[28],

which can enable to clarify and verify fine grained aspects of the
ground truth.

In short, we believe that design of ESM approaches to data collec-
tion could and should be attentive to maximising perceived benefits
for participants, rather than focusing solely on improving efficiency
and data quality for researchers. This will inevitably entail a more
tailored and attuned design, one which fosters and leverages the po-
tential for self-reflection afforded by self-reporting in the moment
and is attentive to the contextual challenges of different audiences
and scenarios. People’s introspective experience discussed above
could create space for machine learning algorithms to continuously
learn [29] from the adynamic affective experience. A chatbot could
leverage its AI capabilities to guide more structured conversational
interactions with a person in order to facilitate such reflective ex-
perience when conducting ESM tasks. This will hopefully in turn
improve retention and the quality of perceived benefits, as well as
providing researchers more expansive self-reporting to construct
ground truth labels.

4.2 Leveraging social companionship within
ESM designs

As shown in the theme 3.3, participants strongly alluded to feeling a
sense of companionship from using the ESM system in both studies.
What is clear from the participant interviews is that the immedi-
acy of self-reporting, as well as the use of the voice, facilitated this
dialogical form of interaction. In stark contrast to asynchronous
forms of self-reporting (e.g., post-activity written diaries), voice-
based ESM prompts provided participants with a stronger sense of
accountability, leading to a feeling of being followed and cared for.
Runners saw the voice ESM prompt as from a friend and hinted
at the possibility of constructing a system which shows richer hu-
man traits and communicative capabilities. For instance, RP008
expressed the desire for a more natural and improvised conversa-
tional element by saying “This could also be a good conversational
assistant – [. . .] maybe you could find certain phrases or words
that are more common between people”.

It is critical to additionally note the importance of humanness
in the ESM system, a factor that was strongly highlighted whether
we used a computer-generated prompt or an actual physically-
present human prompt. It is further valuable to highlight that,
while findings from the participants who were exposed to the
computer-generated prompt (i.e. the runners) clearly indicate that
an artificially-intelligent ESM system with human-like capabilities
could be satisfactory, those exposed to the prompt from a human
(i.e. participants with chronic pain) seemed somewhat unsure about
whether the system would be a benefit to them to the fullest extent
without a real human. For example, when explicitly asked about
the possibility of replacing the role of the human researcher with a
machine, CP002 was particularly sceptical:

“To be completely honest, I think self-reporting would
still be beneficial – and as I said I already tried to men-
tally implement it when we were not together. But
I don’t think it would be as good as it is when I’m
doing it with you. [. . .] Because I feel we built a rela-
tionship. [. . .] We got to talk about things while I was
doing chores: I know we like the same videogames,
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we both watch Grey’s Anatomy. That really helped.
[. . .] Could a machine give me that same sense of
talking to someone? I don’t know.”

Other participants commented along similar lines. CP003 men-
tioned for instance that in an ideal scenario the researcher would
be there all the time, but knowing that that is physically impossi-
ble, a technological companion would suffice, albeit perhaps not as
successfully.

Nevertheless, our findings do suggest value in further explor-
ing the idea of embedding this prompting system within a smart
chatbot which could integrate human conversational capabilities to
enhance the outlined sense of companionship. Our findings on the
participants in the chronic pain study show that human-initiated
ESM prompts are beneficial, with many being surprised by the ease
with which they managed to complete tasks, and some explicitly
attributing this accomplishment to their heightened self-awareness
triggered by the self-reporting task.

While they partly attributed the efficacy of the prompts to the
physical presence of the researcher, it is important to stress that
the efficacy of the system did not rely solely on physical presence.
As highlighted by the excerpt above, participants in fact recognised
that part of the reason why they found self-reporting exercises
particularly useful was because they had managed to engage in
‘idle talks’ with the researcher in between self-reporting prompts,
building some form of a social relationship with him. To clarify,
while activities were ongoing, the content of these conversations
was never focused on the activities at hand (e.g. “why are you
hoovering that way?”), nor was it a request for further elaboration
upon the self-reporting (e.g. “why is your pain higher now?”), or
suggestions regarding movements (e.g. “maybe you should wash
the dishes in this way”). Rather, the participant and researcher of-
ten engaged in small talks regarding trivial topics. In one instance,
the researcher noticed a gaming console, and the two started talk-
ing about videogames that they had recently played. In another
instance, the participant asked the researcher about his opinions
regarding the coffee he had purchased while unloading a food shop-
ping deliver.

These trivial conversations seemed to have further strengthened
the sense of companionship provided by the ESM-enhanced tasks.
This may in turn motivate participants to engage more in the self-
reporting tasks, thus contributing to richer datasets for researchers.
This is in line with previous research [30] which argued that a sense
of a socially shared experience contributes to a higher compliance
rate of ESM tasks. As pointed in existing literature, traditional
computer-generated questionnaire is dull and lacking elements to
motivate participants, whereas a chatbot-delivered questionnaire
could provide more engaging conversational interactions, which
can lead to higher quantity and quality of participants’ responses
to the ESM questions [31].

We thus argue that, in order to truly leverage the sense of social
companionship highlighted by participants, it will be necessary to
more attentively enquire and attend to this trivial conversational
dimension emerged in the study on chronic pain, since our data
show how perceived benefits of the system seem to rely upon it. In
this sense then, further studies are required to explore the following
questions: 1) what is understood as ‘small talk’? i.e. a conversation

which is not too cognitively taxing, but still affords the formation of
some kind of sociable relationship; 2) what elements of the conver-
sations with the researcher helped participants establish social ties
with him? 3) what role does the personality of the researcher play?
4) how could participant’s personality type affect the perceived
companionship?

Once the nature of such sense of connectedness between partic-
ipant and researcher is more properly understood, such insights
could inform the design of an ESM-powered chatbot which could
closely mimic and attempt to replicate the kinds of conversations
participants came to expect from their time spent with the re-
searcher. This will in turn lead to further work solely focused
on exploring naturalness of the chatbot, which will necessarily
have to be intelligent enough to understand when to cut conver-
sations short as not to detract the user from self-reporting, but
also in other circumstances perhaps allow more conversation in
lieu of the self-reporting. In this sense, a critical focal point will be
that of understanding natural conflicts between assigned task (i.e.
self-reporting) and idle time (i.e. the conversational element), thus
devising systems that are able to resolve and adapt to such conflicts
in a human-like manner.

In summary, we believe building a chatbot which is able to en-
gage in interactions with users in a much more natural, responsive
and reactive manner might be beneficial in two ways. On the one
hand, it would facilitate self-reflective behaviours leading to more
precise and granular self-reporting data to be used in the context of
machine learning. On the other hand, it would leverage the sense
of companionship and distraction outlined by participants, allow-
ing them to be physically active for longer and in a more mindful
manner.

4.3 Using self-reporting data as ground truth
labels: reliability and challenges.

As discussed above, the voice-based ESM approach deployed fa-
cilitated deeper self-reflection, further enhancing the reliability
of self-reported pain ratings. First, such self-reflection and intro-
spection worked as an initial consolidation step for participants
themselves to realise how they actually felt before giving the rating
to their pain level, because, as highlighted above, self-reporting
allowed them to start to unpack how pain changed, or how it was
associated with specific movements, etc. This self-reflective atti-
tude stimulated by this ESM approach could potentially reduce
the randomness of ground truth values due to lack of thorough
assessment, and thus lead to more accurate and reliable ground
truth for machine learning training.

What is more, participants also often thought aloud (see theme
3.2.4) secondary and more nuanced explanations beyond the given
scales, providing brief additional explanations around the self-
reported values. We believe that such secondary data recordings
could be analysed to further validate the reliability of numeric
self-reports. For instance, consistency and correlation between the
self-reported scalar values and the semantic meanings of the sec-
ondary verbalisations could be scrutinised, opening the space for
researchers to understand if a given set of data is valid, or if it
requires further exploration. Additionally, qualitative analysis (e.g.,
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thematic analysis, content analysis) could provide additional lin-
guistic cues (e.g., pain location, cause, emotional reaction to pain,
etc) as multiple labels [32] together with the scalar values towards
building a more contextualised pain recognition system. Machine
learning researchers could also take advantage of such expansive
data provided by participants’ self-reflection process to further tri-
angulate the reliability of the self-reported pain ratings and descrip-
tions across a variety of formats. Such analysis could be conducted
by human researchers, or by advanced NLP algorithms [33] in the
future.

Beyond questions around reliability of self-reported scalar values,
there is the main challenge of how to match discrete self-reports
(as ground truth) with continuous, concomitant sensor data. In our
study, participants were prompted to assess and self-report the pain
that they felt in the moment, rather than over a previous period
of time. This means that pain was assessed discretely. However,
other data collected by the sensors are continuous. Pain report at
one single discrete point cannot inform whether the current pain
had already existed, when it started, or when it ended. Although
increasing the self-report sampling rate may give us a more fine-
grained view, it would come with the demerit of increasing the
participant’s workload. In fact, it is technically impossible for the
self-report or ground truth sampling rate to match the sensor sam-
pling rate. This itself prompts several questions on how to utilize
self-report data as ground truth for labelling sensor data: what
should be the time scale accounted for by each self-report? what
should be the starting and ending point of this time window? This
is a problem that machine learning researchers are already dealing
with (e.g. a multiple instance learning method for addressing the
time ambiguity of emotional responses [34]). What our results show
is that highly frequent reports are acceptable possibly facilitating
the collection of larger datasets on ubiquitous settings as it may
happen in the context of video-based large datasets enabling the
use of semi-supervise learning to further improve performances.
Such problem also opens space for a chatbot based ESM system to
guide participants to provide more accurate and temporally granu-
lar information at each self-report. For instance, the ESM system
could further ask participants: “when did you feel this pain?” or
“How many seconds ago did you feel it?” We speculatively suggest
that a chatbot could ask such questions when needed [35]. More
importantly, participants’ responses gathered via chatbot are more
structured compared to a free-style or open-ended elaboration,
which makes it easier for machine learning researcher to further
process and analyse.

While our findings suggest the possibility of rethinking the con-
tent and format of the prompts, further analysis is necessary to
establish if more punctual questions would diminish participants’
compliance. Moreover, it is necessary to assess and devise strate-
gies to incorporate such open-ended responses into precise ground
truth labels.

5 LIMITATIONS
While in situ self-reporting revealed itself a particularly convenient
methodological avenue within the contexts analysed, we nonethe-
less observed specific scenarios in which participants struggled,
were not able, or preferred not to self-report. For instance, some

runners expressed discomfort in self-reporting via their voice in
a public space (i.e. the gym), fearing they might be judged. More-
over, there is the possibility of limited verbal capabilities when
experiencing higher levels of exertions or when in pain. With the
chronic pain study participants, there were a few occasions of delay
in self-reporting due to the urgency or time-sensitivity of specific
house tasks. There were other situations in which environmental
or equipment-related challenges posed a barrier to self-reporting –
for example, participants found it harder to hear the researcher’s
prompts when vacuuming. Lastly, we are aware that voice-based
self-reporting might not be viable with certain population groups,
e.g. preverbal children, people with speech impairments or cog-
nitive disabilities, etc. We believe that these limitations could en-
courage further studies to explore the degree to which the basic
principles of our approach could be remodelled within different
circumstances and within populations with different needs. In ad-
dition, this current study only discussed the potential improved
reliability and richness of ground truth labels, validation methods
(either qualitative or quantitative measurements) should be further
explored in future studies.

6 CONCLUSION
This paper reflected on the use of voice-based, in situ self-reporting
approaches for assisting people’s self-reporting of pain. We showed
that self-reporting could be beneficial for participants themselves,
which would in turn provide more fine-grained, detailed, and pos-
sibly more reliable, ground truth. We presented qualitative find-
ings from two case studies: people self-reported pain to computer-
generated ESM prompt during distance running, and people with
chronic pain self-reported to human-generated ESM prompt dur-
ing house activities. At this stage, our research was solely focused
on gathering experiential insights from participants to better un-
derstand what elements are positively valued when engaging in
in-situ self-reporting: while our findings overwhelmingly pointed
us towards the value of building such a system, it is necessary
to further stress that these initial considerations (as well as the
technical system stemming out of these) will inevitably have to
be evaluated through quantitative controlled studies. Nonetheless,
the findings showed that participants felt better able to engage in
self-reflective behaviours towards better understanding and aware-
ness of their pain and emotional state as a result of interacting and
responding to voice-based ESM prompts. Furthermore, they felt the
sense of social companionship provided by the prompting system,
which helped them engage in activities for longer and with a less
negative disposition. Such engagement with self-reporting, and
the increased self-knowledge stemming from it, appear to create
spaces and opportunities for improving the reliability and quality
of ground truth ratings for building automatic pain recognition
systems. We also preliminarily highlighted some of the challenges
that lie ahead in order to build self-reporting systems which are
attentive to the needs of specific audiences, to maximise compliance
and perceived benefits, and in turn the quality of the data provided.
Lastly, we enquired into the possibilities and challenges of design-
ing a chatbot which could stimulate users towards an introspective
journey of mindful self-awareness. Particularly, we focused on the
importance of better understanding seemingly trivial elements of
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human-to-human conversation, which seemed to have played a key
role in participants’ sense of social and emotional attachment to the
prompting system. We hypothesised that the structured, but not
fully repetitive, dialogue of chatbots could help extract ground truth
information from an apparently fluid conversation. Such chatbot
could also be used to adapt the questioning and the conversation
through terminology that is meaningful to the user. Naturally, in
depth longitudinal studies (with more controlled and quantitative
evaluations) with the use of a chatbot are needed to confirm our
initial results. That is indeed our next step in this journey.
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