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Abstract. Digital health assistants are increasingly used to improve adherence to
pharmaceutical treatments because of their intuitiveness, timeliness, and ubig-
uity. These applications serve the goals of different kinds of stakeholders, all in-
terested in ensuring adherence: the patients, the physicians treating the patient,
the pharmaceutical companies sponsoring the treatment, and the software devel-
opers selling the application. If unquestioned, different expectations can be re-
flected in digital assistants pursuing erratic, confusing goals.

In this case study, we focus on an application called PatchAi (PA), which assists
the collection of patients’ data during medical treatments; we aimed to under-
stand the way in which different stakeholders conceive the role of PA. We carried
out 14 interviews, with patients, physicians, pharmaceutical companies, and soft-
ware developers. The interviews were recorded, transcribed, and analyzed with a
two-stage thematic analysis, yielding in the end 76.8% inter-coders’ agreement.
We identified six roles of PA, i.e., guide, interlocutor, safe box, lifesaver, secre-
tary, and travel mate. We also break down the frequency with which each role is
mentioned by the different classes of stakeholders involved in the interviews. We
conclude with some formative design implications.

Keywords: Digital health assistant, Adherence apps, Stakeholders, Interviews,
Expectations.

1 Introduction

Successful medical therapy is based on patient’s medication adherence that, according
to Cramer et al. [8], can be defined as the “act of conforming to the recommendations
made by the provider with respect to timing, dosage, and frequency of medication-tak-
ing during the prescribed length of time” (p.46). The World Health Organization in
2003 defined adherence as a global problem of striking magnitude both in terms of the
number of patients affected and of the costs it involves for the health system [14]. Non-



compliance with a treatment includes taking incorrect doses, taking medications at
wrong times, being discontinuous in taking the treatment as well as stopping the treat-
ment too soon; these behaviors can result from involuntary forgetfulness of medication,
miscommunication with the care-provider, the complexity of medication, wrong beliefs
and lack of motivation [11].

Smartphone applications are increasingly used to improve adherence [6]. As opposed
to applications that provide medical recommendations and are often questioned for the
authenticity and reliability of their sources [1, 17], adherence applications pursue the
adherence to the treatment prescribed by a physician. Adherence applications support
the daily routine of treatment by reminding patients to take their medication, recording
all taken and missed doses, and sharing the patients’ medication regimens and medica-
tion-taking with the physician [9].

Ahmed et al. (2018) identified three strategies currently implemented by adherence
apps: reminders, education and behaviors. Reminders include alerts, notifications and
text messages to the patients’ phones informing them that the time has come to take a
given medication or provide some data. Reminders improve the accuracy of the data
collected because they help overcome the typical memory biases plaguing other data
collection methods [2]. Educational tools provide information about the medicine pre-
scribed in order to dispel misbeliefs; the reliability and authenticity of the application’s
sources are crucial in this case [17]. Behavioral strategies are persuasive strategies
meant to motivate adherence, hopefully driving the patient towards the state where they
feel empowered [13]. Behavioral strategies include tracking the treatment progress, set-
ting goals and receiving scores and badges. Data illustrating the patients’ treatment his-
tory also was found to increase treatment adherence significantly [10, 20]. A recent
meta-analysis by Wiecek et al. [21] suggests that a comprehensive multi-component
mobile intervention is the most effective long-term solution, considering that non-ad-
herence is a complex phenomenon with several determinants.

One strategy to improve the effectiveness of adherence apps is the use of a conver-
sational format. A meta-analysis by Wald et al. [19] compared eight randomized trials
using text messages to improve treatment adherence, either as one-way reminders or as
two-way reminders. In the latter case, the patient would send replies confirming
whether a given medication has been taken. A 23% improvement in adherence was
found when this last strategy was applied, compared with a 4% improvement using one-
way reminders. For these reasons, adherence apps use conversational interfaces. Some
can interpret and respond to the patients’ input delivered as free text (or speech), using
natural language processing; other conversational interfaces use predetermined mes-
sages in both the application’s turns and the patient’s replies [7]. Conversational agents
deployed in health services and applications do not “chat” with patients but engage in
goal-oriented transactions with them. These transactions aim to support the patients’
treatment (i.e., treatment implementation, management, adherence, support, and moni-
toring) or a behavior change program; connect patients to health care services; answer
health-related queries or establish a diagnosis/triage [7]. Regardless of their goals, they
are generally well-received, especially for their timeliness and ease of use [7].



The patient is typically considered the target of adherence application; however,
physicians and pharmaceutical companies study the data collected, or prepare the treat-
ment protocols. The heterogenous agendas of these different stakeholders can be con-
veyed in the app and make the nature of the transaction with the app confusing to the
user. A formative evaluation to identify and compare the stakeholders’ expectations can
help avoid such confusion.

1.3 Study goal

In the present study, we focus on one adherence app, called PatchAi, henceforth PA.
PA can be installed on the patients’ smartphones to report their health conditions during
the whole duration of a treatment. Its companion web application allows physicians to
monitor their patient’s data remotely. The smartphone interface relies on an intuitive
interface to improve the patients’ retention in the monitoring program. In particular, it
uses a conversational digital assistant to prompt data collection with a set of predefined
options, for instance, asking which symptom was experienced that day and how acutely.
It also ushers the patients to the various features relevant to them or reminds them of
data that was scheduled to be provided. The conversation interface resembles an instant
messaging application. (Screenshots can be found here: https://patchai.io/en). Forma-
tive evaluations are carried out on a product while still formed, often with qualitative
methods [4]. Our study has a formative goal, i.e., identifying the stakeholder’s expec-
tations about PA role and possible frictions or gaps between them.

2. Method

2.1 Participants

Four classes of stakeholders had a direct interest in PA: patients, researchers or physi-
cians monitoring the patient’s treatment, pharmaceutical companies sponsoring a treat-
ment, and developers working at the application. The main requirement when recruiting
members of those classes was having a familiarity with treatments involving data mon-
itoring. We could not reach any patient who was using PA at the time because they
were bound to confidentiality constraints established before the start of our study.
Therefore, the kind of patient’s expectations we collected here are those of patients who
would consider using the application prospectively. They were explained the basic fea-
tures of the application during a hands-on demonstration meeting organized some
weeks earlier by the company. Only one of them gathered the information on the app
from the website. Physicians, pharmaceutical representatives and developers were al-
ready familiar with PA, being its direct stakeholders.

The stakeholders reached for this study were 14: six patients familiar with clinical trials
involving data monitoring (oncological patients and patients suffering from migraine);
three physicians running a medical trial with the PA at the time of the interview; three



developers from PA company; two representatives of pharmaceutical companies using
PA. No compensation was given to participate in the study.

2.2 Interviews

The interviews took place in August and September 2020. They were carried out indi-
vidually and remotely, at a time agreed upon with the participants. Each interview
lasted about 30 minutes, and the audio was recorded. The interviews focused on the
application in general and on the virtual assistant in particular. The interviewees were
encouraged to answer from their perspectives. The interview format was semi-struc-
tured, with a few predefined questions and additional follow-up questions to clarify or
elaborate. The predefined questions were:

- what do you think could be the usefulness of an application like PA?

- do you think that PA application can be useful also to other categories such as
physicians/patients?

- what are the advantages/disadvantages of using this application compared with
other tools you used to collect health data in the past?

- why would patients discontinue sending their data via PA?

- what would be the perfect digital health assistant?

Then the participant was thanked and greeted.

2.3 Ethics

The study complies with the Declaration of Helsinki (2013) and the European General
Data Protection Regulation (2016/679, GDPR). Before the interview, each participant
received the information note and a consent form via email; they agreed to participate
by signing the consent and returning it via email to the principal investigator. No inter-
viewee was obliged to participate; participation or withdrawal did not affect their par-
ticipation in future or current treatments. The information note described the goal of the
study (i.e., improving PA), the focus, modality, and duration of the interview, the data
protection policy, the participants’ rights, and the contact information of the research
team carrying out the study. The interview transcripts are anonymous, and their associ-
ation with participants’ identification data was deleted at the end of the study; also, the
audio files were deleted once transcribed.

2.4 Analysis

A two-stage thematic analysis [4, 18] was carried out on the transcribed interviews to
identify the roles attributed to PA. The first phase proceeded in a bottom-up direction:
the principal investigator and another research team member read aloud the interviews
together and identified their recurring themes. Six different themes (i.e., PA roles) were
found. The second phase was top-down. Two members of the research team who did
not participate in the bottom-up phase served as independent coders. They were trained
on two interviews and then coded the remaining 12 interviews autonomously. For each
sentence in the interviews, they decided whether it mentioned any of the six roles or



not; they were instructed to create a new role if the six predefined ones did not fit the
sentence. No new theme emerged during the coding process, thereby indicating that
data saturation was reached. The agreement between coders was 76.8%. Then, the two
coders jointly decided how to code the sentences on which they initially disagreed.
Overall, 352 sentences were coded, containing 373 mentions to PA roles.

3. Results

Overall, the stakeholders referred to six possible roles of PA in the interviews; we
named them “guide,” “interlocutor,” “safe box,” “lifesaver,” “secretary,” and “travel
mate.” We described them using a rhetorical storyline and some extracts exemplifying
them. Rhetorical storylines are “synthetic statements which parsimoniously summarize

the unique topics invoked in the corpus” [12].

EEINT3 EEINT3

Secretary: Interviewees refer to PA as an assistant to overloaded physicians, taking on
the burden of collecting, storing, and analyzing the data from the patients. “At any point
in time, we can say ‘let see how that patient is doing, let’s see how that other patient is
doing” or “I’m interested in knowing, for instance, the frequency and length of the
events in a given month, the medicines taken, everything, in a blink.” Such an assistant
is void of any medical responsibility.

Guide: Interviewees refer to PA as a guide supporting the patients in providing health
data. It helps the patients keep their intended data collection schedule and simplify the
data entry process through a usable interface. This remark is expressed by sentences
such as “[PA] can guide the patient who might have some difficulties in using an ap-
plication” or “PA is patient-friendly as they say, I mean it is very close to their [the
patients’] language.”

Interlocutor: Interviewees refer to PA as an interlocutor due to the conversational for-
mat. This role transpires from sentences such as: “PA can communicate with some em-
pathy, through which one perceives some sort of closeness.” Being an interlocutor, PA
would also enliven the data collection routine by making it more personal and various,
“there must be some variation...or some personalization even, so it is not always the
same over and over.”

Safe box: Interviewees refer to PA as a means to collect and preserve data. The em-
phasis is here on the data and the quality of their collection, storage, and access. PA
allows collecting accurate data, keeping them safely in compliance with privacy norms,
and making them conveniently inspectable from both patients and physicians. This role
transpires from sentences such as “not to lose, or squander, relevant information about
their symptoms” or “data are managed really accurately, and are always used for posi-
tive goals, for their stated goals.”



Lifesaver: Interviewees refer to PA as a necessary component of the treatment allowing
the patients to play an active role, become more aware of their health condition, and be
useful to themselves and others. This role is expressed by sentences such as “having to
provide regular information becomes part of the treatment itself” or “the patient feels
that their opinion, judgment, disclosures — so to speak — matter.”

Travel mate: Interviewees refer to PA as a companion being always with the patients
during their sickness. “Surely, a support like a chatbot makes you feel constantly as-
sisted.” The installation on personal smartphones and the regular opening of conversa-
tions with the patient contribute to this impression.

For each class of stakeholders, we calculated the number of mentions to each role; then,
we averaged it by the number of stakeholders in that class. The average frequency per
stakeholder class is reported in Table 1 and allows to appreciate the emphases given by
different stakeholders to each role.

Table 1. The average number of mentions to the six roles within each stakeholder class (a men-
tion is a transcripts’ sentences referring to a role).

Guide Interlocutor Safe box Lifesaver Secretary Travel mate

Patients 5.33 6.00 2.17 1.33 6.50 2.50
Physicians 5.67 0.67 8.67 6.33 10.67 0.00
Pharma rep. 5.50 4.00 3.50 2.00 16.50 5.50
Developers 5.33 8.67 1.67 2.00 2.00 0.33

Given the scope of this study and its small sample size, the data in Table 1 will be
commented qualitatively. It seems that no role is paramount or exclusive to a specific
stakeholder class; at the same time, each class puts a different emphasis on each role.
The patients mainly referred to three roles: PA as a guide, interlocutor, or secretary;
less often did they mention safe box and lifesaver roles. Conversely, safe box and life-
saver are frequently mentioned by the physicians, in addition to the secretary role; this
suggests that physicians are very interested in the medical data provided by PA and in
being relieved from the burden of collecting them. Secretary is also the role that the
representatives of the pharmaceutical companies mentioned more often; this reflects
their interest in making the application useful to the physicians, the class of PA with
which they are more in touch. Finally, the developers seem to mention the role of guide
and interlocutor more often than the other roles; this suggests their great concern with
the usability and intuitiveness of the interface as a key strategy to obtaining adherence.
In the next section, we will discuss these results and propose some formative recom-
mendations.



4. Discussions and conclusions

The previous section highlights the multifacetedness of the application, whose ad-
vantages are distributed over a complex ecology of parties with different, intercon-
nected objectives. This multifacetedness is demonstrated by the six roles that emerged
from the analysis of our interviews. At the same time, Table 1 suggests that these roles
are perceived differently by different stakeholders. PA can be conceived as a “boundary
object” [16] shared by four classes of stakeholders: it represents not only an object they
have in common but also one they invest in with different sets of expectations. Our
formative contribution to the improvement of this application is then to highlight what
roles coexist in the same application and whether there are gaps or frictions between
them.

Some roles could become more evident to make adherence more effective. In par-
ticular, two roles that physicians already appreciate in PA could be made more visible
to patients as well: the creation of a safe dataset of health data, on the one hand, and the
close monitoring of a given treatment on specific patients, on the other hand. We named
these roles “safe box™ and “lifesaving,” respectively. In both cases, the application puts
patients in control of the monitoring process and makes them responsible for the treat-
ment’s outcome. These roles then provide a motivational boost to retain the patient in
the treatment they contribute to building. Interestingly, however, the “safe box” and
“lifesaving box” roles do not come forward in the interviews with the patients. We can
assume that it might be even less so to patients who — unlike the ones we interviewed -
are administered a treatment without being part of a clinical trial: they are not instructed
to appreciate the considerable advantages of constant monitoring. To improve the visi-
bility of these roles to patients, PA could stress the importance of each data received
from the patient. The app, for example, could quantify the advancement in the moni-
toring process enabled by the patients’ data; and the physicians’ and scientists’ access
to this data could become visible to the patients, proving to them that their effort is of
immediate use.

Some frictions between roles could be prevented from blossoming to keep expecta-
tions realistic. For example, there is a potential conflict between the “interlocutor” and
“secretary” roles, which could mislead some stakeholder’s expectations. PA is an in-
terlocutor because it adopts a conversational format; this is one critical feature making
PA intuitive and pleasant to use and is often mentioned by the patients and developers
in our interviews. PA is also a secretary because it alleviates a burden from the physi-
cians’ shoulders by taking over the most mechanical parts of the monitoring process.
This role is very often mentioned by the physicians and the representatives of the phar-
maceutical companies in our interviews. The friction between these two roles can be
generated by the PA’s conversational format and the immediacy of its interactional
style, which might lead to overestimating its agency beyond the capabilities of a secre-
tary. The patients might attribute the app the ability to interpret the data collected and
even intervene upon them. Indeed, one patient in our sample expected the PA to be
backed up by a medical team ready to intervene after receiving bad health updates. To
avoid this misunderstanding, PA reminds the user that the app should not be considered
an emergency alert. The realistic perception of PA’s skills can also be obtained by
checking the way in which the digital health assistant describes itself and its activities



during the conversation with the patient, avoiding the impression of having some clin-
ical agency.

Our sample was heterogeneous but small and did not include patients using or having
used PA. Regardless of these limits, this study can provide insights that can be extended
to other adherence apps using a digital assistant to address the patients/users. Some of
the expectations that emerged from our interviews can be tracked back to functions that
PA shares with other applications (i.e., sending reminders, storing data, engaging the
user with a conversational interface) and are then likely to appear in similar apps. The
same goes for the formative recommendations we provided in this section. Of general
relevance outside this case study is also the method we have adopted, which gives a
voice to the expectations of the different stakeholders having a close role in the appli-
cation. Digital assistants could pave the way to more patient-centered treatment [15];
in order to do so, their design must have a good user model and consider the different
groups of users involved [3].
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