
MOBILE & WIRELESS HEALTH

Design Considerations in the Development of App-Based Oral
Anticancer Medication Management Systems: a Qualitative Evaluation
of Pharmacists’ and Patients’ Perspectives

Eskinder Eshetu Ali1 & Sharlene Si Ling Chan1
& Huan Yu Poh2

& Yosua Amadeus Susanto2
& Thendral Suganya1 &

Jo Lene Leow3
& Chee Khiang Pang2,4

& Lita Chew1,3
& Kevin Yi-Lwern Yap5

Received: 7 May 2018 /Accepted: 15 January 2019 /Published online: 6 February 2019
# Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
Smartphone apps can potentially help in enhancing oral anticancermedication (OAM) adherence. Patient adoption and efficacy of such
apps depends on inclusion of user-centred and evidence-based features. The objective of this study was to identify important design
considerations from the perspectives of patients taking OAMs, caregivers and oncology pharmacists. The study employed a qualitative
studydesign.Datawerecollectedusing in-depth interviewswithpatients (n = 15), caregivers (n= 3)andpharmacists (n= 16). Interviews
were audio-recorded, transcribed verbatim and inductive thematic analysis approachwas used in data analysis.Monitoringmedication-
related problems,medication information, replacement of or integrationwith current systems and accessibility of app content on devices
other than smartphones were the key themes identified in the analysis. Flexible input methods for monitored data, glanceability of
monitored reports/information, near real-timeadherence enhancing and symptommanagement interventions andcustomisable reminder
options were design considerations identified under the monitoring medication-related problems theme. Participants suggested the
provision of focused and easily understandable medication information with a potential for personalisation. Integration of app-based
adherencesystemswithpatients’electronicmedical recordswithaddedmechanismsforalerts in thedispensingsystemwasalsosuggested
as a key design requirement to improve quality of patient care and facilitate adoption by clinicians. Finally, smartphones were the most
favoured platform with optional accessibility of app content on other devices. In conclusion, important design considerations were
identified throughauser-centreddesignapproach.Thefindingswillhelpdevelopersandclinicians inthedesignofnewapp-basedsystems
and evaluation of existing ones.

This article is part of the Topical Collection onMobile & Wireless Health

* Kevin Yi-Lwern Yap
kevinyap.ehealth@gmail.com

Eskinder Eshetu Ali
eskeshet@gmail.com

Sharlene Si Ling Chan
sharlenechan94@gmail.com

Huan Yu Poh
patrickpoh91@gmail.com

Yosua Amadeus Susanto
yosuasusanto@gmail.com

Thendral Suganya
tthendralsuganya@gmail.com

Jo Lene Leow
jo.lene.leow@nccs.com.sg

Chee Khiang Pang
justinpang@nus.edu.sg

Lita Chew
lita.chew@nccs.com.sg

1 Department of Pharmacy, Faculty of Science, National University of
Singapore, Block S4A, Level 3, 18 Science Drive 4,
Singapore 117543, Singapore

2 Department of Electrical and Computer Engineering, Faculty of
Engineering, National University of Singapore, Block E4, Level 5, 4
Engineering Drive 3, Singapore 117583, Singapore

3 Department of Pharmacy, National Cancer Centre Singapore, 11
Hospital Drive, Singapore 169610, Singapore

4 Engineering Cluster, Singapore Institute of Technology, 10 Dover
Drive, Singapore 138683, Singapore

5 Department of Public Health, School of Psychology and Public
Health, La Trobe University, Melbourne 3086, Victoria, Australia

Journal of Medical Systems (2019) 43: 63
https://doi.org/10.1007/s10916-019-1168-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s10916-019-1168-x&domain=pdf
http://orcid.org/0000-0002-3581-6451
mailto:kevinyap.ehealth@gmail.com


Keywords Adherence apps .Medication adherence . User-centred design . Design requirement . Oral anticancer medication

Introduction

Adherence to prescribed medications is an essential component
of therapeutic success in themanagement of chronic diseases [1].
In recent years, the problem of medication non-adherence has
become a persistent challenge in oncology practice, as more
anticancer medications are being available for oral administration
[2–4]. Studies generally report oral anticancer medications
(OAMs) adherence levels ranging from 23% to almost 100%
[4]. Suboptimal levels of adherence to OAMs significantly re-
duce patients’ progression- and disease-free survival [5, 6].
Moreover, the estimated health care costs of non-adherence to
OAMs range between 48,598 and 162,699 United States Dollars
per patient per year [7, 8].

Complex factors including patients’ socioeconomic status and
health belief; factors related to the disease condition and health
system-specific determinants influence OAM adherence [9–12].
These factors should be considered in the design and implemen-
tation of OAM adherence interventions [6, 13]. In this regard, a
variety of educational, symptom management and reminder-
based interventions, which involve delivery mechanisms such
as face-to-face interactions, phone calls and SMS texting have
been developed and tested [14–20]. However, the evidence on
effectiveness of the interventions is not yet conclusive and those
interventions, which show promises of effectiveness, are often
considered expensive and difficult to implement in routine clin-
ical practice [3, 16, 21].

Due to their capacity to deliver multiple adherence enhancing
strategiesand increasinglyubiquitousdistribution inmanypartsof
theworld,smartphone technologiespresentagreatopportunityfor
the development of effective interventions that can efficiently be
introduced to address patients’ needs [22–27]. Smartphones en-
able interventions that provide information, reminders, and ways
formonitoringof adherence andmedication-related side effects to
be delivered in a single app-based system [26–29]. App-based
systems also have a potential to provide personalised and con-
text-specific interventions [22].This is complementedby thewide
spread popularity of health apps among patients and health care
professionals [25, 30–35]. As a result, a plethora of apps, with
claims of effectiveness for enhancingmedication adherence, exist
in the various app stores.However,most of these apps suffer from
deficiencies that limit their usefulness for patientswithmedication
adherence problems [36–38].

Part of the reason for the suboptimal quality of adherence apps
is related to theminimal involvementofpotential endusers in their
development process [39]. This lack of end user involvement is
incongruous with the principles of user-centred design (UCD),
which is generally defined as Ban evidence-based approach in-
formed by the needs and understanding of a specific end user

group^ [40]. The first step in UCD is concept generation, which
involves a thorough assessment of user needs to identify the
intended use and required features of an app [40, 41]. The second
step is prototype design and system development. This requires
continued engagement with users to elicit feedback that enables
further refinement of the app. The use of prototype systems at this
stage will help stimulate conversation and elicit more in-depth
understanding of end users’ opinions regarding design require-
ments [42].Thelast stage inUCDis theevaluationof theappusing
walkthroughsandusabilitytesting[40].Themostimportantaspect
of the UCD approach is the involvement of potential end users
throughout the app development process [40]. In the context of
an adherence app, patients and caregivers have an irreplaceable
role.Inputsfromotherstakeholdersinthemedicationmanagement
process are also essential. In this regard, pharmacists will have
crucial contributions due to their unique place inmedicationman-
agement [43].

Similar to other disease-specific and generic adherence
apps, there is limited research on what constitutes an ideal
OAM adherence app in terms of its features [25, 41, 44–46].
Previous attempts in this regard either focused on specific
aspects of interventions, such as education and side effect
management [44], or did not provide enough details beyond
a listing of potentially relevant OAM adherence app features
[25, 45]. While identification of OAM adherence app features
is useful, details on the interface design requirements are
equally important. In fact, studies suggest that the way health
information is presented greatly impacts the usability and rel-
evance of an app for patients [47, 48]. Therefore, this study
aims to address the question: what are the functionality and
user interface design requirements in the development of an
OAM adherence app from the perspectives of patients, care-
givers and oncology pharmacists? For this purpose, the study
employed a preliminary prototype system, which was devel-
oped based on prior research by the authors [25, 36, 49]. The
prototype system had interfaces for patients/caregivers and
pharmacists and its use in this study corresponded to the sec-
ond step in the UCD process.

Methods

Study participants

This study recruited participants from the National Cancer
Centre Singapore (NCCS). Patients who were taking OAMs,
21 years of age or older, able to speak and understand English
and had basic knowledge to use smartphones were eligible.
Caregivers of eligible patients were also considered for
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participation. Spouses or caregivers could join the patient if
the patient requested or agreed to their presence during the
interview sessions. Pharmacists had to be actively involved
in the provision of pharmaceutical care to patients taking
OAMs, willing and able to use smartphone- and/or
computer-based software, willing to spend up to 90 min in
the interviews. Potential participants who were unwilling or
unable to take part in the study due to their medical conditions
were excluded.

Data collection

Interviews and participant observation were used in data col-
lection. Both pharmacist and patient/caregiver participants
were recruited from the NCCS. The most convenient date
and time of interview was arranged in consultation with the
consenting participant. One of the authors (EA), a graduate
student with training and experience in the conduct and anal-
ysis of qualitative studies conducted all interviews at NCCS.
Another author, SC a final year pharmacy student at the time
of the study accompanied EA during the interviews in order to
facilitate note taking.

A prototype app-based system (called MedFC) devel-
oped by the authors was used to give participants an idea
about potential functions of medication management sys-
tems. The prototype system was designed based on inputs
from prior research by the authors [25, 36, 49] and includ-
ed a smartphone app for patients and a web interface for
pharmacists. The smartphone app included medication re-
minder, symptom reporting, medication information and
adherence tracking functions. The web interface for phar-
macists had functionalities that enabled creating patients’
medication list and tracking their medication taking and
side effect patterns (Fig. 1).

At the beginning of each interview, participants were
allowed to perform various tasks related to medication man-
agement. Patients/caregivers were asked to use the app to
record taken medication, access medication information,
change reminder timing, report medication side effects and
view adherence patterns and reported symptoms.
Pharmacists performed similar tasks on the smartphone app.
Moreover, they were asked to perform pharmacist-specific
tasks on the web interface. These tasks included creating med-
ication list and setting reminders for patients and viewing the
list of medications, adherence behaviour and reported symp-
toms for a given patient. Both pharmacist and patient/
caregiver participants were encouraged to talk about their
thoughts and what they were trying to do while performing
the tasks. The interviews lasted for 35–90 min and included
questions on participants’ overall impressions of the system
and its usability, their most favoured features, features that
they deemed unnecessary, and their suggestions for improve-
ment (Appendix 1). As the MedFC system was a prototype

that required improvements, participants were encouraged to
suggest new features and improvements on existing features
and interface considerations. Participants were also probed to
suggest their ideal requirements to facilitate elicitation of in-
formation that could be applicable to other apps. Low fidelity
mock-ups were drawn on paper and discussed in order to
ensure understanding of participants’ suggestions for im-
provements or additions to MedFC. At the end of the evalua-
tion, participants were given a 30 Singapore Dollars shopping
voucher for their time and participation.

Data analysis

Analysis of the interview data followed the inductive thematic
analysis approach outlined by Braun and Clarke [50]. All audio-
recorded interviews were transcribed verbatim by one of the
researchers. A second researcher checked interview transcripts
against the audio-records to ensure accuracy. The inductive ap-
proach was employed to gain in-depth understanding of partic-
ipants’ opinions without having to subscribe to pre-defined the-
ories or assumptions. In the cases where a patient and his/her
caregiver attended an interview session together, their opinions
were analysed separately in order to account for differences in
their roles in medication management. Based on recommenda-
tions by Braun and Clarke [50], analysis in this study started
with a repeated reading of the transcripts to ensure
familiarisation with the data and credibility of data sources.
This was followed by generation of initial codes. One of the
authors (EA) generated initial codes based on interview tran-
scripts. Identified codes were then sorted into themes by using
thematic maps to depict potential relationships between themes
and subthemes. The identified themes were then reviewed and
refined to ensure coherence between the themes, coded extracts
and the entire dataset. Constant meetings were held with the rest
of the authors to ensure the accuracy of the interpretations by the
coder and facilitate confirmability of the analysis. This helped in
the definition and refinement of the themes and the final step of
producing this manuscript. Detailed characteristics of partici-
pants are provided to facilitate transferability of the findings.
The Qualitative Data Analysis software in family R (RQDA)
was used in the process of data analysis [51].

Ethical considerations

Ethics approval was obtained from the SingHealth
Centralised Institutional Review Board. Participation was
voluntary, participants were aware of their rights to with-
draw from the study at anytime and written informed con-
sent was obtained before commencing the study. In an ef-
fort to maintain participant anonymity, all potentially iden-
tifying details revealed during the interview process were
masked in the transcripts and access to raw data was re-
stricted to members of the study team.
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1. Components of the prototype app for patients 

A. Login and home menu 

B. Medication list and information 

C. Reminders and monitoring  

Fig. 1 Screenshots of the different components of the prototype system used in the interviews
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2. Components of the web interface for pharmacists 
A. Dispensing medication 
1. Dispensing form 

2. Medication list for a specific patient 

Fig. 1 (continued)
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B. Adherence monitoring  

C. Symptom report 

Fig. 1 (continued)

63 Page 6 of 14 J Med Syst (2019) 43: 63



Results

Participant characteristics

A total of 31 interviews were conducted. From these, 16
(51.6%) involved pharmacists, 12 (38.7%) involved pa-
tients and three (9.7%) involved both patients and care-
givers. Most of the pharmacist participants were female
(9/16, 56.2%) and 54 years or younger (14/16, 87.5%).
Moreover, most of the patient participants were female
(8/15, 53.3%), 55 years or older (8/15, 53.3%), married
(8/15, 53.3%) and with secondary level education (8/15,
53.3%) (Table 1).

Findings of thematic analysis

Thematic analysis identified four main themes in the areas
of monitoring medication-related problems, medication
information, replacement of or integration with current

systems, and accessibility of app content on devices other
than smartphones. A summary of the list of themes, sub-
themes, suggested design considerations and their corre-
sponding quotes from interviews is provided in Table 2.
Detailed descriptions of the findings under each theme are
presented below.

Theme 1 monitoring medication-related problems

This theme explained the opinions of pharmacist and
patient/caregiver participants about the importance of fea-
tures for monitoring medication-related problems. These
were described in terms of mobile app features for patients
and/or web interface features for pharmacists. Four sub-
themes were identified that explained the functionality
and user interface design considerations that were deemed
crucial. These were: flexible data input methods,
displaying monitored reports/information, expected mode
of intervention and reminder options.

Table 1 Participant
characteristics Patients n (%) Caregivers n (%) Pharmacists n (%)

Total sample 15 (100) 3 (100) 16 (100)

Gender

Male 7 (46.7) 2 (66.7) 7 (43.8)

Female 8 (53.3) 1 (33.3) 9 (56.2)

Ethnic background

Chinese 12 (80.0) 2 (66.7) 15 (93.7)

Other ethnicities a 3 (20.0) 1 (33.3) 1 (6.3)

Age

≤54 years 7 (46.7) 2 (66.7) 14 (87.5)

55–64 years 4 (26.7) 2 (12.5)

≥ 65 years 4 (26.7) 1 (33.3)

Marital status

Single 5 (33.3) 1 (33.3) n.a

Married 8 (53.3) 2 (66.7) n.a

Divorced/Widowed 2 (13.3) n.a

Education level

Secondary 11 (73.3) 1 (33.3) n.a

Pre-university and university 4 (26.7) 2 (66.7) n.a

Site of cancer

Breast Cancer 7 (46.7) n.a n.a

Colorectal cancer 4 (26.7) n.a n.a

Other cancers b 4 (26.7) n.a n.a

Presence of chronic conditions other than cancer

No other condition 9 (60.0) 1 (33.3) n.a

1 or more chronic conditions 6 (40.0) 2 (66.7) n.a

a Other ethnicities: Malay, Indian, Arab
bOther cancers: liver, prostate, stomach

n.a: Not applicable
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Table 2 Key themes, sub-themes and corresponding quotes from interviews

Theme/sub-theme Design suggestions Quotes from interviews

Theme 1. Monitoring medication-related problems

Flexible data input
methods

Designated button to report taken doses
Report symptoms using checklist of

common symptoms with a potential
for personalisation, free text entries,
audio-records, pictures

BIt would be easier if you can just… tap one time to record the medicine
and keep pressing whenever I take the medication just like that.^
[Patient 10, Male]

BChecklist should be easier and the typing in would be helpful because I
can give a clearer picture on what kind of side effect I am having^
[Patient 3, Female]

BI probably would list the top five side effects for each drug. So, it is
different for every drug. It means the dispensing pharmacist will sort of
customise the side effects to the particular patient. And every option
can have severity level.^ [Pharmacist 8, Female]

BFor me…to feedback what is my side effect, I can speak but I cannot
spell. One more thing is, some people will be lazy to write, maybe they
prefer to talk, may be you can put a recorder^ (Patient 5, Female)

BSometimes when we serve patients over the phone we can only ask we
cannot see, we cannot judge how severe the symptom is. So, with the
app, they [patients] can take photo and attach. I mean like WhatsApp.
Then you could advise them better^[Pharmacist 16, Female].

Displaying monitored
reports/information

Graphical visualisation of trends
in patients’ medication consumption
patterns and reported side effects
[Pharmacists]

A list of symptoms and display of
medication consumption records on
a daily basis [Patients]

BI guess the graph is a good pictorial depiction. If you want to have a
quick screen of whether the patient is adherent, you would know.
This would help, because we don’t need to study it very tediously.^
[Pharmacist 2, Female]

BIt helps me to relate to the time of drug administration relating to the
symptoms… as in… if the symptoms are due to the medication. So, with
that in mind I think it is extra valuable if we have this information
[symptom report] and the drug administration timing side-by-side,
different colour.^ [Pharmacist 1, Male]

BOnce I have taken my medication then [the app] says I have taken,
period. And maybe there should be a column there that says, I have
taken my medication, tick. If I have not taken then maybe there is a red
cross or something.^ [Caregiver 1, Male]

BI don’t want to go and think if I haven’t taken my medication. Then, I will
have a very hard life you know. I don’t think it is logical to go back to
the time and see whether you took medication or not. What has passed
is passed already.^ [Patient 7, Female]

BThe doctor gives me for 5 months. Then if I finish the medicine before
5 months then I can see [on the app] the balance that is left and I can
call the doctor^ [Patient 14, Female]

Expected mode of
intervention

Near real-time management
recommendation via phone calls
and in app notifications

Chat-based real-time support
Involvement of nearby pharmacies in

management of medication-related
problems

BIf the app, in case of side effects, tell them what to do, it may lessen our
work load. Like… if you have diarrhoea do this… if it is serious… do
this. They can take charge of their own medication or condition.
[Pharmacist 12, Female]

B…if it is just some side effect that is bothering them, but it is not too
severe, they could just report inside [the app] so when they come here
[the pharmacy] we could review it when we are dispensing.^
[Pharmacist 4, Male]

BMost important is that if they [patients] report symptom there must be a
follow up. Of course it may depend on how severe the symptoms are.
Then the time to respond may vary^ [Pharmacist 16, Female]

BJust like me you see, my symptoms come after midnight… pain… I go
A&E (Accident and Emergency department). It is always in the
midnight. So, this app must standby midnight… call. If not, no point
having it already^ [Patient 7, Female]

BI think it will be more meaningful if it allows the patient to also
communicate with the pharmacist. May be they can send in… they will
let the pharmacist know… pharmacist can also reply like a WhatsApp
text.^ [Pharmacist 9, Female]

BInstead of having a dedicated line 24/7, you spread out the service… you
develop some kind of computer system that allows you to… the patient
that put the symptoms could be able to grade the severity then, if it is
like in danger zone… then it will send SMS to a pharmacy nearby. They
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Flexible data input methods

Pharmacist and patient/caregiver participants had varied pref-
erences on how adherence and side effect reports could be
entered to the app. Their opinions mainly focused on

improving the usability of the app. Accordingly, reporting
taken medications by the touch of a button in the app was
suggested by both pharmacists and patients as an input meth-
od to monitor adherence. Patients were in favour of easy entry
of their symptoms by selecting from a pre-set checklist with

Table 2 (continued)

Theme/sub-theme Design suggestions Quotes from interviews

would know on the spot. So, it is kind of like grab taxi (a ride sharing
service).^ [Pharmacist 2, Female]

Reminder options Options to customise the number
of reminders and snooze

BMaybe 2 to 3 reminders would be alright but more than that it would be
annoying. Unless there is a feature so you can set it as and when you
please. That means you have the full control^ [Caregiver 1, Male]

BWhat if there is another reminder may be nearer the end time, the last
time they can take the medicine. May be at that time they are home.
Because sometimes they may be out… that is why they don’t have the
medicine. So, they don’t take it… so… if we have the reminders too
frequent… and they are not home yet… then they may forget^
[Pharmacist 7, Female]

Theme 2. Medication information

Focused information on the most
important aspects of medication

Avoid essay type narrations
Enable personalisation of

medication information.

BMedication information should not be in essay form. If possible,
[make it] in pointer form so we can really say like, one is done,
two is not done…^ [Patient 4, Female]

BMaybe keep… which is important, that we need to know about the
medicine. People rather play game than to read…you know…^
[Caregiver 3, Female]

BWhat if we are able to edit the medication information part specific for
every patient, which is to say like… if we know that this patient is very
anxious, we would not want to put too much information that will freak
him out. Whereas, if this patient is more like… learner… and they want
to have more knowledge, we can put more stuff in for their own
reading.^ [Pharmacist 3, Male]

Theme 3. Replace or integrate with the current system

Minimise the need
for typing

Auto-fill features and ability to
fetch medication data from
patients’ electronic medical
records

BFor the pharmacist… keying things again and again is quite tedious and
may be error prone… so it is best to automate.^ [Pharmacist 7,
Female]

BIt will be better if it [dispensing information] can flow from the
dispensing or prescribing software that we are using here…
then I can enter anything^ [Pharmacist 6, Male]

Alerts/notifications in
dispensing system
(Tell me when something
is wrong)

Enable effortless identification of
abnormal medication adherence
and symptom reports by the
pharmacist at the point of patient care

BIf the patient is not adherent, it would be helpful in how we manage the
patient…if it can link to the existing system and if it can trigger an alert.
I think it will be good.^ [Pharmacist 12, Female]

Theme 4. Accessibility of app content on devices other than smartphones

Optional provision of app contents
on the web to make them accessible
from personal computers.

BIn terms of convenience, the phone is more convenient. Because, the
computer, you can only do it in the office or at home. For me, I use the
computer only when I have to key in my accounting. If not, I don’t want
to see this thing [a laptop].^ [Patient 6, Male]

BI would feel like computer or laptop is not suitable for me. Because you
know, like… the cursor must keep on run here and there… So for me
hand phone is much easier to operate. For our age we want to touch all
this (pointing to the phone screen). Maybe iPad…iPad also touch
screen, right?^ [Patient 5, Female]

BThe hand phone will be better. Just that… when you are at home,
then you will use the computer. It is more convenient and bigger.^
[Patient 13, Female]

BSetting up reminders and whatever I need to set up, it would be easier
to set up on the PC rather than the phone. Personally for me that’s what
I think. If it syncs up, it would be a lot easier.^ [Patient 10, Male]
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optional use of free text to provide details of their symptoms.
In contrast, pharmacists suggested tailoring the symptom
checklist based on the medications for individual patients
and providing a way to report the level of symptom severity.
Both pharmacist and patient participants suggested some
unique input methods for reporting side effects. Audio-
recording and taking pictures were recommended to facilitate
the easy reporting of side effects (Table 2).

Displaying monitored reports/information

Design considerations under this subtheme included those
suggested on the web interface for pharmacists (opinions re-
stricted to pharmacist participants) and the patient app (involv-
ing opinions from patients). Pharmacists preferred the graph-
ical visualisation of trends in patients’ medication consump-
tion patterns and reported side effects on the web interface.
Such visual depictions were required to have features that
facilitate easy identification of potential medication-related
problems. Suggested design requirements to improve usability
included the utilisation of different colours to depict variations
in the levels of reported symptoms and medication adherence,
easy access to all of patients’ medication administration re-
ports on one screen and options for the combined visualisation
of adherence and symptom reports (Table 2).

In contrast, a list of symptoms with the date and time of
report was a sufficient functionality for patients. Patients also
showed clear preference towards a feature that displayed their
daily medication administration status i.e., taken and missed
doses and time of next dose rather than a graphical depiction
of trends, which was utilised in the prototype app shown to
them (Fig. 1). Moreover, getting easy access to information
about remaining balance of medications was considered a
very important component of tracking adherence (Table 2).

Expected mode of intervention

Pharmacist and patient participants suggested similar design
considerations under this subtheme and their recommenda-
tions focused on the inclusion of additional functionalities.
Accordingly, in-app notifications of side effect management
advice, near real-time phone call-based feedback and review
by a health professional on patient’s next visit were the sug-
gested interventions for medication-related problems
(Table 2).

The kind of medication-related problem i.e., whether it was
non-adherence or side effect and the level of severity, influ-
enced participants’ preferences for the different alternative
modes of intervention. Participants asserted that reports of
severe medication side effects and persistent non-adherence
should get immediate attention from the clinician while sim-
pler cases of side effects and medication non-adherence could
be managed via in-app notifications or during the patient’s

next visit. However, for some patients, a real-time or near
real-time feedback from the clinician was considered compul-
sory for their adoption of an app tomonitor medication-related
problems (Table 2).

A chat-based real-time support and involvement of nearby
pharmacies in managing side effects were suggested as unique
intervention mechanisms for patients who report their symp-
toms (Table 2).

Reminder options

When it came to the issue of reminding patients to take their
medications, the number of reminders (snooze) was consid-
ered an important functionality requirement. The general idea
forwarded by all groups of participants was that reminders and
snooze options should be limited in number. Moreover, phar-
macists suggested that there should be a specified duration
between the right time the patient should take his/her medica-
tion and the last time the reminder for that specific dose could
be snoozed. This was to ensure that patients would take their
medications while avoiding overdose. Having the option of
choosing preferred reminder settings by the user was also
suggested as an alternative (Table 2).

Theme 2 medication information

Provision of medication information was considered a crucial
aspect of medication management for patients. Participants’
suggestions focused on the content and user-friendly presen-
tation of medication information.With respect to content, both
pharmacist and patient participants agreed that information
should focus on the most important aspects of medication
taking behaviour. Patients and caregivers suggested presenta-
tion of medication information in bullet points, in language
that would be simple to understand and in a way that the most
important information could be grasped at a glance. One phar-
macist also raised the possibility of personalised medication
information depending on the needs of individual patients.

Theme 3 replace or integrate with the current system

This theme was specific to only the pharmacist participants of
the study and depicted their opinions about how an app-based
medication management system should interact with their cur-
rent dispensing systems.Many argued that the utilisation of an
app-based system by clinicians would depend on the level of
integration of the system with their current electronic medical
record and related dispensing systems. The subtheme ‘mini-
mise the need for typing’ focused on the usability-specific
design suggestions. In contrast, the subtheme ‘alerts/notifica-
tions in the dispensing system (tell me when something is
wrong)’ depicted the functionality requirement suggested by
participants (Table 2).
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Minimise the need for typing

The process of pharmacists helping to create patients’ medi-
cation list should not require too much typing by pharmacists.
This was to minimise potential errors and time required for
patient care. Auto-fill features and ability to fetch medication
data from patients’ electronic medical records were suggested
to minimise the need for typing by pharmacists (Table 2).

Alerts/notifications in the dispensing system [tell me when
something is wrong]

According to pharmacists, integration of the app-based med-
ication adherence system with facility-based dispensing sys-
tems should be further enhanced by incorporation of alert and
notification mechanisms. The alert system would enable ef-
fortless identification of abnormal medication adherence and
symptom reports by the pharmacist at the point of patient care.
The suggested features ranged from simple notifications of
whether the patient had been reporting their symptoms and
medication taking patterns to mechanisms that could identify
problems in patients’ adherence behaviour and symptom re-
ports (Table 2).

Theme 4 accessibility of app content on devices other
than smartphones

This theme mainly reflected patients’ opinions on the acces-
sibility of app contents on devices other than smartphones.
Patients considered the accessibility of contents of the app
on non-mobile devices to be optional. This was partly due to
their perception that smartphones were more convenient. For
some patients, their perceived lack of competency in using
personal computers was a major reason for not using com-
puters. For others, the issue of accessing app contents on de-
vices other than smartphones was only relevant in the contexts
of the place where they want to access the information and the
perceived convenience in keying in important details
(Table 2).

Discussion

This study identified important functionality and interface de-
sign considerations in the development of an app-based sys-
tem for enhancing OAM adherence. Consistent with UCD
principles, the study employed a robust qualitative research
methodology that involved patients, caregivers and oncology
pharmacists who were potential end-users of such systems
[40, 47, 52–54]. This contributes to research in the develop-
ment of solutions that target the adherence needs of patients
taking OAMs.

Monitoring patients’ medication adherence behaviour
and side effects is an important component of adherence
enhancing interventions. Such monitoring functions in an
app-based system will help in the prevention and timely
management of adherence problems [28, 29, 35]. Input
methods that involved a checklist of potential symptoms
and a button to report medication administration time were
suggested as one of the areas of design considerations to
facilitate app-based monitoring of adherence behaviour
and side effects. Moreover, participants generally sug-
gested designs that promote easy identification of prob-
lems in medication adherence and symptom reports and
display of information in a manner that is easy to under-
stand at a glance. This was in line with usability recom-
mendations for mobile app and web-based systems [55,
56]. Similar to previous studies, near real-time manage-
ment was identified to be an important component of in-
terventions for medication-related problems [35, 57].
Moreover, customisable medication reminder mechanisms
were suggested especially with respect to snooze functions.
This is an important design consideration in that the effec-
tiveness of adherence apps can be impacted by alert fatigue
due to inadequately designed reminders [58, 59].

Patients generally face difficulties in interpreting complex
information and prefer to avoid the cognitive task of trying to
understand long and detailed descriptions about their medica-
tions [44, 60, 61]. The implication of the findings in the cur-
rent study is that developers should pay attention to the
amount of medication information and the format in which it
is presented. It is generally recommended that the most im-
portant information should be displayed on a given page with-
out the need to scroll. [62] Highlighting the most relevant
information is also expected to improve interpretation by pa-
tients. [48]. Participants also suggested the potential
personalisation of medication information. This can be done
through integration with patients’ medical records and/or by
allowing pharmacists to select relevant information for pa-
tients at the point of care.

Researchers advocate the inclusion of adherence data in
patients’ medical records to ensure collaboration among
health care professionals and improve quality of care
[29]. This will also help in the monitoring of patients’
progress and personalisation of care [22]. In this regard,
the findings of this study were consistent with the above
recommendations. Apart from this, our findings suggest
that the pharmacist acceptability of the app-based system
largely depended on the level of integration of the app to
existing electronic medical records. Developers will thus
have to explore the possibilities for the integration of an
app-based adherence system to patients’ electronic medical
records. This will help in ensuring the widespread adoption
of the system by pharmacists in addition to improving the
quality of patient care,
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Strengths and limitations

The use of a qualitative study design with inductive thematic
analysis approach provided an in-depth understanding of the
design requirements from the perspectives of patients, care-
givers and oncology pharmacists. Another strength of this
study was the use of a prototype system to help with the
elicitation of participants’ opinions regarding important de-
sign considerations. This helped in familiarizing participants
with the workings and potential features of an adherence app
and is consistent with approaches taken in similar studies [42,
46]. However, the findings of this study should be interpreted
with some limitations in mind. The design considerations pre-
sented here represent participants’ opinions in the interview
sessions of not more than 1.5 h. The effect of longer-term use
of an adherence app on participants’ opinions was not consid-
ered in this study. It should also be noted that the findings
reflected opinions of participants from a single public cancer
centre. While the study centre served close to 70% of all pub-
lic sector cancer cases in Singapore, individuals from other
practice settings such as private hospitals might have different
opinions.

Conclusion

This study identified important functionality and interface de-
sign requirements for app-based OAM adherence interven-
tions from the perspectives of potential end users.
Monitoring of medication-related problems, provision of
medication information and integration with electronic medi-
cal records were considered important components of app-
based systems for enhancing OAM adherence. The study fur-
ther confirmed the general acceptability of provision of adher-
ence enhancing interventions on the mobile platform.
Developers and clinicians are encouraged to consult these
findings in the design of new app-based systems and evalua-
tion of existing ones.

Appendix 1: Questions for interviews
with patients, caregivers and pharmacists

1. Can you tell us your overall impressions of the MedFC
app? How did it feel to try MedFC?

2. What was the easiest/most difficult feature of MedFC to
use?

3. Did you have any problems using MedFC? If so, please
tell us what problems you experienced.

4. What features did you like/disliked? Would you say that
some features of MedFC are unnecessary? If so, which

ones? What was the most/least preferred feature of
MedFC?

5. In your opinion, how could MedFC be improved?
6. Do you feel that important features are missing? If so,

which features should MedFC provide in order to be of
use in your daily treatment (Patient care)?

7. How would you assess the overall appearance and
graphics of MedFC?

8. From your point of view, are there any relevant aspects or
questions that you feel should be addressed, but weren’t
mentioned thus far?

Note: MedFC is the name of the prototype app shown to
participants before interviews.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.
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