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Abstract

Background: Primary care needs to be patient-centered, integrated, and interprofessional to help patients with complex needs
manage the burden of medication-related problems. Considering the growing problem of polypharmacy, increasing attention has
been paid to how and when medication-related decisions should be coordinated across multidisciplinary care teams. Improved
knowledge on how integrated electronic health records (EHRs) can support interprofessional shared decision-making for medication
therapy management is necessary to continue improving patient care.

Objective: The objective of our study was to examine how physicians and pharmacists understand and communicate
patient-focused medication information with each other and how this knowledge can influence the design of EHRs.

Methods: This study is part of a broader cross-Canada study between patients and health care providers around how
medication-related decisions are made and communicated. We visited community pharmacies, team-based primary care clinics,
and independent-practice family physician clinics throughout Ontario, Nova Scotia, Alberta, and Quebec. Research assistants
conducted semistructured interviews with physicians and pharmacists. A modified version of the Multidisciplinary Framework
Method was used to analyze the data.

Results: We collected data from 19 pharmacies and 9 medical clinics and identified 6 main themes from 34 health care
professionals. First, Interprofessional Shared Decision-Making was not occurring and clinicians made decisions based on their
understanding of the patient. Physicians and pharmacists reported indirect Communication, incomplete Information specifically
missing insight into indication and adherence, and misaligned Processes of Care that were further compounded by EHRs that are
not designed to facilitate collaboration. Scope of Practice examined professional and workplace boundaries for pharmacists and
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physicians that were internally and externally imposed. Physicians decided on the degree of the Physician-Pharmacist Relationship,
often predicated by colocation.

Conclusions: We observed limited communication and collaboration between primary care providers and pharmacists when
managing medications. Pharmacists were missing key information around reason for use, and physicians required accurate
information around adherence. EHRs are a potential tool to help clinicians communicate information to resolve this issue. EHRs
need to be designed to facilitate interprofessional medication management so that pharmacists and physicians can move beyond
task-based work toward a collaborative approach.

(JMIR Hum Factors 2018;5(3):e24)   doi:10.2196/humanfactors.9891

KEYWORDS

shared decision-making; electronic health records; collaboration; interprofessional collaboration; medication management

Introduction

In clinical settings, medication-related decisions are often passed
verbally among patients, doctors, nurses, and pharmacists, and
the message can become distorted. Too often, however, critical
information is not shared, even when an electronic health record
(EHR) is used, and the decision to prescribe or not prescribe,
to take or not take a medication, is made with missing or
distorted information [1-4]. Health systems now promote an
ethos of partnership where providers and patients navigate
complex relationships and interactions. The shift from a
patient-physician decision-making dyad to a network of
providers introduces more complexity into what are often
byzantine processes that precede health decisions. Nevertheless,
patients often rely on a trusted health care professional’s
(HCP’s) expertise to make important decisions where the
situation is emergent or ambiguous (eg, having a surgery or
starting a new medication) [5,6]. Research has not yet
empirically characterized how current communication between
health care practitioners affects care, and specifically how EHRs
can strengthen communication by making information easier
to access [7].

A medication-related decision involves, at minimum, a patient,
a prescriber, and a pharmacist, and all parties are engaged in a
process of shared decision-making (SDM) [8,9]. SDM is based
on a model of communication where HCPs and patients both
contribute to clinical decisions in unique ways [10,11]. The
HCPs share information about the benefits and risks of different
treatment options; the patients describe their preferences and
values as they relate to their treatment options. Interprofessional
shared decision-making (IP-SDM) involves multiple HCPs and
is emerging as a response to care increasingly being delivered
by interprofessional teams to collaboratively work with a patient
to decide on the best course of action [12]. A systematic review
of the adoption of SDM by HCPs concluded that while it is
unclear whether interventions that promote the adoption of SDM
are effective, interventions that target patients and HCPs
simultaneously are more effective than ones that only target
one group [13]. The evolution of IP-SDM is challenging our
beliefs about how and when HCPs actively communicate with
each other and with patients as well as about the role EHRs may
play in decision-making.

Adverse drug events (ADEs) are one of the outcomes of
miscommunication in the medication management process. The
costs of ADEs to the health care system are staggering, yet in

one US study, physician reviewers determined that of the 30%
inpatients who experienced ADEs, the events were preventable
in 44% cases [14-16]. While these medication-related problems
are the symptom of a complex and disconnect health care
system, the inclusion of pharmacists in medication management
has reduced the rates of ADEs as well as health care costs [17].
ADEs account for somewhere between 1.4% and 15.4% of
hospital admissions in the United States and Canada, accounting
for an estimated 177,504 emergency department visits by US
patients aged ≥65 years and increasing the mean length of
hospital stay from 8 to 20 days [18-20]. SDM is known to
improve communication, lessen ADEs, and, overall, lower
health care costs [21,22]. Through greater communication and
collaboration between HCPs and patients, IP-SDM provides a
platform that has significant potential to further lessen ADEs
and to continue lower health care costs [23].

In most health care settings, pharmacists and physicians often
do not communicate well because they largely work
independently and in parallel with each other, rather than
collaboratively [24]. Furthermore, there can be challenges in
communication due to differences of opinion on role, reluctance
to challenge, different work schedules, and different information
priorities [25-27]. For example, how physicians and pharmacists
communicate and make decisions with each other is based on
perceptions about the role each one plays in a person’s care and
is tightly tied to ideas about pharmacists’ scope of practice.
According to Nugus et al, there is a clear acknowledgment in
health care that physicians are the ones with “formal
responsibility of patient care” and that they are omnipresent in
care [28]. As a result, EHRs may reflect the physician’s
information or decision-making needs more than those of the
pharmacist or the patient. The challenge in designing
interdisciplinary EHRs is that they need to account for the
workflow and communication models of different professions.
It is important that physicians and pharmacists have a good
communication because it is essential to go beyond transactional
interactions to ensure optimal therapeutic outcomes for patients
[29]. This research has been conducted to better foundationally
understand how pharmacists and physicians communicate,
which can be used to lessen medication-related errors, lower
health care costs, and design and improve EHRs that facilitate
collaboration.

The objective of this exploratory study is to examine how
physicians and pharmacists understand and communicate
patient-focused medication information with each other and to
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identify barriers to IP-SDM for medication management that
should inform designing EHRs that support IP-SDM. This
research will allow for the design and refinement of EHRs that
can be designed to facilitate better communication, improve
medication management, and ultimately contribute to improved
care.

Methods

Research Design
This research was part of a larger mixed methods study on SDM
in the context of EHRs that included observations; interviews;
and think-aloud discussions with patients, primary care
physicians, and pharmacists. This paper focuses on qualitative,
semistructured interviews with physicians and pharmacists. We
have taken a pragmatic stance, recognizing that a constructivist
view of the truth can be tempered with the need to conduct
research that informs health care decision-making [30]. Our
analysis was guided by a framework analysis method that
provides both a systemic and flexible approach to
multidisciplinary data analysis [31].

We conducted interviews in community pharmacies and primary
care clinics across Canada using provinces to represent different
levels of primary care integration and adoption of EHRs (Table
1). This research received ethics approvals from the University
of Waterloo, the University of Alberta, Wilfrid Laurier

University, Université Laval, the University of Toronto, and
Dalhousie University.

Recruitment and Participants
The research team used a purposive sampling approach to
identify a broad spectrum of practice sites. Recruitment was
conducted through several venues including posters, social
media, and snowball sampling from previous and existing
contacts of the research team. We included pharmacists and
family physicians practicing in Ontario, Alberta, Quebec, and
Nova Scotia.

Data Collection
Three research assistants conducted and audiorecorded the
interviews. One of the research assistants was a PhD candidate
and experienced qualitative researcher (KM) and the other two
were PharmD students (KW, JB). The three interviewers jointly
conducted 3 interviews to train the student research assistants
in semistructured interview techniques, and they regularly met
throughout the data collection period to compare interview notes
and transcripts. All three research assistants interviewed
participants in Ontario, with KW completing all of the
interviews in Quebec and Alberta and JB completing all of the
interviews in Nova Scotia. Field notes recorded during and after
the interviews documented the environment, external influencers
or distractions, and participants; specific questions were added
to better understand the decision-making approach.

Table 1. Description of in-place electronic health records (EHRs) and primary care models in Alberta, Ontario, Quebec, and Nova Scotia between
December 2015 and October 2016.

ProvinceHealth record

QuebecOntarioNova ScotiaAlberta

Dossier Santé QuébecClinicalConnectcSHAREbNetcareEHRa

YesOnly hospital medicationsDrug Information SystemYesMedication profile

YesYesYesYesLaboratory values

YesYesYesYesMedical imaging

N/AdOntario Laboratories Infor-
mation System

Drug Information SystemPharmaceutical Information
Network

Integrated systems

Electronic prescriptionsAllergies, medical reports,
pathology and microbiology
results

Hospital admissions or dis-
charge information, history
and consulting notes

Hospital visits, surgeries,
drug alerts, allergies or intol-
erances, immunizations

Other information

YesYesYesYesPhysician access to EHR

YesNoDrug Information SystemeYesPharmacist access to EHR

Family medicine groupsFamily health teamsCollaborative care teamsPrimary Care Network
health care teams

Team-based health care

Government promotes close
ties between community
pharmacies and family
medicine groups

YesYesYesPharmacist integration in
team-based health care

aInformation collected in this table reflects health care at the time of the interviews and may have changed since.
bSHARE: Secure Health Access Record.
cSouth Western ON. EHRs are region specific in Ontario; separated into 3 regions.
dN/A: not applicable.
eAccess to laboratory values in near future.
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Interviews with HCPs consisted of two parts: (1)
medication-focused decision-making and (2) interviewee’s
opinion of EHRs. HCPs were interviewed where they practiced,
either in the pharmacy or the physician’s office. Interviews
focused on how the pharmacist or physician presented
information to patients; how collaboration was approached
during care, specifically in relation to medication prescribing
or problem solving; how they interacted with EHRs or electronic
medical records (EMRs) used in their practice; and finally
potential areas for developing new EHRs. The interview guide
is available in Multimedia Appendix 1.

Data Analysis
We employed a modified version of the Multidisciplinary
Framework Method to analyze the data [24]. A multidisciplinary
team, including engineers, clinicians, health researchers,
business and communication researchers, patients, and a patient
navigator, was involved in data analysis. The steps followed
were as follows: (1) interviews were transcribed verbatim; (2)
core research team members read the transcripts and listened
to the audiorecordings to familiarize themselves with the
interviews; (3) core team members thematically coded the data;
(4) the entire team thematically coded a subset of 5 interviews;
(5) the team codes were used to develop a working analytic
framework; (6) 2 team members (KM, KW) recoded the data;
and (7) finally, the data were presented to the entire team for
discussion and refinement. Data were stored, organized, and

reported using QSR NVIVO 11 Software (QSR International
Pty Ltd. Version 11, 2017). Any names and identifiers were
made anonymous in the transcription process. Multiple
triangulation of the data was achieved using a variety of
geographic sources, multiple coders, and a multidisciplinary
team of researchers interpreting the results [32].

Results

Study Population
In total, we interviewed 25 pharmacists and 9 family physicians
(Table 2). On average, the HCPs had been with their current
clinic for 8 years and had been practicing for 15 years.
Compared with physicians, a larger sample of pharmacists was
recruited to account for variability in practice setting; the latter
included pharmacists who worked in chain pharmacies (n=5),
independently owned pharmacies (n=12), and team-based
medical clinics (n=4).

Thematic Analysis
Initial coding conducted by the core research team led to the
identification of 46 codes, which were then developed into 5
themes describing the different elements of how pharmacists
and physicians make medication-related decisions with patients:
workflow, communication, accuracy, decision-making, and
computer systems.

Table 2. Participant demographics collected at the time of interview (N=34).

PharmacistsFamily physiciansCharacteristics

Province, n

40Nova Scotia

22Quebec

156Ontario

41Alberta

259Total participants, n

49Team environment, n

210Independent practice, n

16.212.6Years in practicea

7.19.9Average duration of current practice (years)

39.843.4Average age of participants (years)a

Participant age group (years), n a

7225-35

12436-45

4246-55

2155+

Gender

114Male

147Female

aInformation regarding age and years in practice was not collected from 1 family physician participant.
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As part of the multidisciplinary framework, we held a 2-day
research meeting where the entire multidisciplinary team
participated in the analysis. Research group members came to
the meeting having individually coded the same 5 interviews.
Through a process of negotiation, individual codes were
rearranged into 81 subthemes and 6 major themes as outlined
below (Table 3). KM and KW recoded the remaining interviews
using the new framework, with no additional themes arising.

The new coding framework placed a more significant focus on
how pharmacist-physician relationships and scopes of practice
affect medication-related decisions (Table 3). We found that
decision-making was influenced by the information, processes,
and communication factors related to EHRs, which, in turn,
were influenced by the physician-pharmacist relationships and
scopes of practice.

Table 3. Themes related to interprofessional medication-related decision-making between physicians and pharmacists.

DescriptionSubthemesTheme

Pharmacists and physicians did not describe IP-SDM in
their practices and acted as unintentional gatekeepers to
medication information. Professionals make decisions based
on their individual understanding of the patient’s situation
and educate the patient based on that decision.

Interprofessional shared decision-
making (IP-SDM)

• IP-SDM intentions
• Decision point
• Making the decision
• Assumptions about patients
• Patient communication
• IP-SDM

Pharmacists and physicians often communicate with each
other indirectly through patients, faxes, or receptionists.
Yet, both groups are cautious about the expansion of elec-
tronic health records (EHRs) and how EHRs influence their
ability to work.

Communication between physicians
and pharmacists

• Reasons for health care professionals (HCPs)
to communicate with patients

• Reasons for HCPs to communicate with each
other

• Flow of information
• Communication workarounds
• Method of communication
• Availability
• How to document in the medical or pharmacy

chart
• Risk communication
• Patient as messenger

Pharmacists and physicians require information not acces-
sible through current Web-based health platforms to provide
patient care. Even in situations where the information was
available, it was clear that relationships drove information
sharing. Most critically, physicians required access to infor-
mation about medication adherence, while pharmacists re-
quired clear access to medication indications.

Information exchange between
physicians and pharmacists

• Important information for patient care
• Information detectives
• Data collection and entry
• Multiple users
• Place of access
• Context of data entry
• Adherence
• Information scarcity limits roles
• Design features
• Timeliness

Pharmacists and physicians find that current systems do
not typically align with their decision-making processes
and do not support collaboration in daily workflow.

Process of care • System design (fill and bill)
• Identifying patients in need of care
• Stages of care
• Technology limits practice
• Decision-making
• Workarounds
• Documentation of process
• Workflow bottlenecks
• Prioritization

The workplace and professional boundaries for pharmacists
and physicians are both internally and externally imposed.
This includes how each group negotiates the boundaries
of its job, how each group negotiates its interactions with
each other and with patients, and how relationships, or lack
thereof, impact the ability of each group to carry out its
roles and responsibilities.

Scope of practice • Responsibility to diagnose
• Negotiating role boundaries
• Accountability
• Medication management
• Mentorship and role modeling
• Monitoring

Relationships were strongly influenced by physician loca-
tion, nature of the task, and a power imbalance.

Physician-pharmacist relationship • Physical distance
• Community versus primary care pharmacist
• 5 Ws of shared understanding
• Filling the gap or tailoring
• Building collaborative work environments
• Transactional communication
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Interprofessional Decision-Making
In the interviews, we asked about how different treatment
options were presented, how patients’ values were taken into
account, and whether the participant knew about IP-SDM. We
observed that IP-SDM was not an active part of the typical
decision-making process. Rather, we identified a spectrum of
decision-making, where the most common approaches to
decision-making included paternalism and informed
decision-making, as outlined below, rather than IP-SDM.

In the paternalistic decisions that were both described and
witnessed, the physician or pharmacist made a decision because
they “assumed,” “understood,” or “knew” it was the “best”, and
then, they “informed” the patient regarding what the patient
should do. In other words, the physicians or pharmacists
“shared” their final decision rather than sharing the
decision-making process:

I really do consider also the patient's preference or
pre-knowledge or understanding. Have I considered
all the factors; the patient factors, cost factors? That
kind of thing I try to make it so it's sort of like rational
prescribing, thinking is there a reason to give it to
them? [Physician 1205, Family Health Team, Ontario]

During informed decision-making, pharmacists and physicians
focus on educating patients well enough to allow them to make
a decision. The goal is to offer recommendations, help the
patient understand why the HCP offered the recommendation,
and allow the patient to choose whether he or she wants to
pursue the recommended course of action:

I want them to make an informed decision. I want
them to understand what's going on with their health.
I want them to understand what the options are and
why we're pursuing those options. I want them to
make an informed decision about whether they want
to move forward with a particular treatment course
or not and understand the rationale for that.
[Physician 1202, Family Health Team, Ontario]

One of the challenges of informed decision-making is that the
information could “scare” the patient. It is unrealistic for all
patients to become as well educated as an HCP about a medical
decision:

I don’t want to give more information than necessary,
especially if I see that a patient is more anxious
during the beginning of the counselling, and even
more so if the patient doesn't want to take the
medication or is scared to take the medication.
[Pharmacist 1121, Quebec, Independent Pharmacy]

Pharmacists who worked in teams talked of making decisions
with physicians rather than patients:

It was last Wednesday, was the last day that I worked
there, and it was more I help the physician choose
the medication. Not so much the patient themselves.
It was a very complex case and the physician had
asked me to meet with the patient first to do a
medication review appointment. [Pharmacist 1124,
Family Health Team Ontario]

Communication Between Pharmacists and Physicians
Communication between pharmacists and physicians is heavily
dependent on the fax machine. Unlike a phone, faxed documents
provide a written record of an encounter. However, fax machines
are not connected with pharmacist and physician information
systems, reducing the efficiency of their use.

We almost prefer a fax than phone a physician. We
phone if it's an immediate thing, but faxing gives us,
again, the detailed paper, dated and detailed work
that we can keep track of. That's what we try to do
[Pharmacist 1109, Independent Clinic, Nova Scotia]

A common complaint among participants was that the standard
processes to request information from another HCP are flawed.
Pharmacists felt that they were limited by having to wait for a
reply to a fax, and physicians often mentioned waiting until
they had time to track down a pharmacist they trusted. The
notion of a centralized way to communicate information was
met with positive reactions. Being able to access key information
without actively and asynchronously communicating with
another HCP was identified as a way to streamline the sharing
of basic medical information (eg, diagnosis, prescriptions, and
lab results). Communication might then be focused around
sharing meaningful information, such as patient histories or
complex care regimens. Participants were concerned that
information is not properly being communicated and may be
missing or incorrectly documented. Pharmacists reported rarely
being able to get past gatekeepers, such as office staff.

There's the ward clerk who won't let you through to
the doctor. It's really difficult to get a doctor on the
phone unless if they're calling you [Pharmacist 1102,
Independent Pharmacy, Ontario]

At instances where pharmacists are colocated with physicians,
face-to-face interactions have the potential to foster the
development of a trusting relationship. However, even when
pharmacists and physicians are colocated, pharmacists still
negotiate the power differential by modulating communication.

I don't go to a physician and say, “You must do this.”
I say, “This is the problem that this patient is having
on these medications. Here are our options. The
options are A, B, and C. I like A because this, this,
and this. I like B because of this, this, and this. What
do you think we should do?” I never try and tell them
what to do. [Pharmacist 1125, Family Health Team,
Ontario]

Information Exchange Between Pharmacists and
Physicians
Pharmacists and physicians use different pieces of information
to provide patient care. Physicians record diagnostic information,
including physical evaluations and tests, while pharmacists keep
detailed records of medications provided. Most of the
interviewed community pharmacists did not have access to the
reason a medication was prescribed, the diagnostic test, or
laboratory results. They assessed appropriateness and dispensed
medications using the limited information contained on a
prescription or patient recall. Additional or clarifying
information needed to be requested from the physician. Even

JMIR Hum Factors 2018 | vol. 5 | iss. 3 |e24 | p.7http://humanfactors.jmir.org/2018/3/e24/
(page number not for citation purposes)

Mercer et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


in situations where pharmacists had access to information
through an EHR, issues related to missing information, and the
consequent need to contact a physician to gain access to it, were
mentioned.

Maybe there's some piece of information that we're
missing and that's where you ask questions. If they're
asking for refills too soon then it may be, “Why are
you needing this more than what has been prescribed?
Are you taking more than what was on the instructions
that we have? Has someone told you to take more?”
[Pharmacist 1124, Family Health Team, Ontario]

Pharmacists often were missing information on the reason
medications were prescribed. Not knowing why or how a
prescriber decided on a medication not only limited pharmacists’
ability to properly educate patients about their medications but
also limited their ability to participate in decisions to start,
change, or stop a medication.

I would just say that getting information on the
indication would be one. Trying to find out what
they're taking the medication for and what they're
hoping it's going to do for them would be two of the
first questions. [Pharmacist 1107, Nova Scotia,
Independent Practice]

Physicians were also concerned that pharmacists do not have
sufficient patient information to effectively prescribe,
deprescribe, or assess a patient’s medications. Physicians were
missing information about how a medication is taken after it
was prescribed. Occasionally, there were plans in place to
confirm prescription pick up and adherence, but the absence of
adherence data was a clear gap in information. Both groups
cited that the benefit of an EHR was enabling improved
communication and overall patient care.

We've got a system [to help us keep track of]
adherence. It's a really difficult point, and it's a really
important point that I think we need to look because
it's not good right now. [Physician 1201, Ontario,
Family Health Team]

Process of Care
Pharmacists and physicians follow different processes for
providing care, which are reflected in different information
systems used in their daily workflow. Physicians use clinical
data from physical assessment, lab values, and diagnostic
imaging to make treatment decisions. Their office-based EMRs
support documentation of their patient encounters, assessments
of the information, and prescribing history. In community
pharmacies, pharmacy practice management systems support
dispensing and provide patient information sheets, auxiliary
warning labels, warnings about adherence, and drug interaction
alerts. Even in Alberta and Quebec, where there are
province-wide EHRs that include lab values and dispensing
information, the dispensing information is not integrated into
the physician’s EMR and the clinical information is not
incorporated into the pharmacist’s pharmacy practice
management systems.

My goal is to get my EMR and the pharmacist's EMR
exactly the same and up to date. [Physician 1206,
Family Health Team, Alberta]

The lack of overlap between physician and pharmacist
information systems reinforces the siloed workflows of the two
professions and lack of interoperability between privately-owned
EMRs. However, even when pharmacists and physicians work
on the same system, it can be difficult to mesh the two
decision-making processes. The resulting hybrid can be
inefficient, requiring back-and-forth between the patient and
different HCPs.

I made some recommendations to the physician and
patient, which then the physician discussed with the
patient in her appointment with the patient. We also
discussed, the doctor and I, after, to confirm, yes, this
is what we did, and just to follow-up on the whole
discussion. [Pharmacist 1124, Family Health Team,
Ontario]

Many participants lacked awareness of the decision-making
processes of other HCPs, which left them guessing why certain
decisions were made. Guesswork, thus, becomes the de facto
process, rather than an open and collaborative process. Finally,
even though Alberta pharmacists are able to prescribe and use
a provincial EHR used by physicians, their experiences have
been ultimately similar to the pharmacists in other provinces
who did not have access to an EHR.

Scope of Practice
Scope of practice refers to the internal and external boundaries
placed on pharmacists and physicians. In many provinces, the
scope of pharmacist practice has expanded to include
prescribing, which has traditionally been the physician’s role.
This can result in role friction.

It's been good, all the changes, for sure. […]You just
learn [which physicians] who you can do it with and
who you can't, and then you go with that. [Pharmacist
1114, Independent Pharmacy, Alberta]

In rural areas, pharmacists have more latitude toward full scope
of practice as fewer options for care are available, and they are
more likely to know other local HCPs. Scarcity of services
provides situations that encourage greater collaboration and
partnerships due to availability as well as familiarity with
colleagues.

There’s no full time physician in town…A lot of the
local doctors are very open to our input and actually
will seek it. Nearby doctors are a group who will
cover for each other, and we know them. [Pharmacist
1110, Independent Pharmacy, Nova Scotia]

Ideally, a team-based practice means that the different
professions are more easily able to understand each other’s
roles, including how one profession’s skills can complement
another’s. Physicians generally did not consider pharmacists as
partners in care and rarely mentioned active collaboration.

Yeah. Things are good with my pharmacist and I.
We're still trying to work on enhancing our
relationship but definitely the trust exists there and
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then now it's just kind of more a matter of allowing
some pharmacists to feel like they can do more.
[Physician 1205, Family Health Team, Ontario]

Even in cases where active collaboration was spoken of in a
meaningful and positive way, it was still clear that there were
underlying restrictions; for example, in the above quote, while
the physician spoke about collaboration, the comments qualified
that only some pharmacists should be allowed to feel like they
could do more. Similarly, the physician referred to the
pharmacist team member as “my pharmacist,” creating in and
out groups of pharmacists and reinforcing traditional power
archetypes.

Relationships Between Pharmacists and Physicians
Physician-pharmacist relationships were often influenced by
physical location and institutional context. When pharmacists
and physicians were colocated, particularly when a common
institutional governance was present, such as a family health
team in Ontario, they were able to share a common system of
health records. The face-to-face interactions also allowed the
pharmacists and physicians to establish personal relationships
with each other. Building trusting relationships allowed for
informal collaboration about patient care. Pharmacists often
spoke of feeling like an outsider to care or that they were “…
not wanting to bother” the physicians [Pharmacist 1107, 1108,
1109, 1121]. The limited opportunity for face-to-face
collaboration artificially restricted the pharmacist’s ability to
support the patient.

Pharmacists also often felt that they had to navigate the authority
of physicians when assessing medication, and that, due to their
perceived role in health, they were not able to influence care to
the best of their abilities.

I notified a patient’s physician to a contraindicated
drug given by a patient’s psychiatrist. The physician
didn’t feel comfortable changing the drug, and the
psychiatrist said, well, I'm not changing mine, I have
him on what I want him to be on. The neurologist, I
couldn't get in touch with him, and then the group
home, they were almost a little bit, “we wish you
hadn't put your hands in the pot, there's too many
people trying to mess things up.” It was really
frustrating because there's this clear thing that could
cause harm to the patient, and you almost felt like
you were doing more harm than good by alerting
everyone to it. [Pharmacist 1102, Independent
Pharmacy, Ontario]

Finally, the interviews made it clear that pharmacists’processes
for working with physicians are not designed to facilitate
collaboration. Rather, they may have evolved as workarounds
that compensate for the strained relationship with the physician.

Most physicians do like subtle language of requesting
as to, “Can you give me the thought behind
prescribing this because we're just not sure, we want
to make sure the patient understands it well or
providing recommendations.” [Pharmacist 1116,
Alberta, Chain Pharmacy]

Discussion

Principal Findings
This project examines how physicians and pharmacists
communicate patient-focused medication information with each
other to inform the design of EHRs for IP-SDM. There is limited
research on how EHRs currently impact IP-SDM and the
potential they have for improving collaboration. We can see
that the limited communication between physicians and
pharmacists is strongly dependent on the relationship between
them. The suboptimal management and use of medication have
already been well documented, suggesting that we may not be
optimally positioned to provide accessible, effective, and
affordable medication management as patient need rises over
the coming decade [33]. Before pharmacists and physicians can
share medication-related decisions with patients, they themselves
need access to comprehensive information. Furthermore, they
must be prepared to share information about decision-making
and to develop strategies for interprofessional collaboration that
do not rely on colocation or a common institutional EMR or
EHR. The findings of this study point to a status quo where
integrated provider medication management and IP-SDM are
an exception rather than the rule in community settings.

Workable solutions to how information is shared are both social
and technical. Most electronic health information systems are
capable of semantic interoperability, where a receiving
information system is able to clearly interpret information in
exactly the same way as the sending information system. Use
of vocabularies, including RxNorm, and structured documents,
such as the Clinical Document Architecture and Fast Healthcare
Interoperability Resources, supports interoperability [34]. As
beneficial as these may be, the competitive market forces the
costs that rarely support this option, despite its popularity among
providers. Despite pharmacists having played an integral role
in delivering high-quality clinical care in hospitals for decades,
this study highlights the slow progress toward integration and
IP-SDM acceptance in the community. Our research supports
the idea that social factors such as professional acceptance,
institutional structures, and trusting versus nontrusting
relationships are more significant barriers to the adoption of
EHRs into patient care compared with technical challenges.

Kannampallil et al [35] have noted that “complex systems can
appear very different, depending on the aspects, granularity,
and circumstances that the researcher chooses to focus on.” By
focusing on the relationship between physicians and pharmacists
in this study, we saw that each health care profession has access
to critical information that the other profession does not (eg,
pharmacists do not have access to information about a
medication’s reason for use and physicians do not have access
to adherence information). These reasons are related to
inadequate systems for health information exchange as well as
missing professional standards that encourage comprehensive
medication information exchange.

Our findings on communication, information, and process
mirrored Bardet et al’s meta-model on physician and community
pharmacist collaboration [36]; they identified that early on in
a collaboration, key elements include trustworthiness and clarity
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around roles. Physicians and pharmacists also need to develop
an interdependence; establish interest, skills, and positive
perceptions; have clear expectations; and build a relationship
that is grounded in trust [37,38]. Open and bidirectional
communication is also important [36]. Our findings add to the
work of Bardet et al by highlighting how the disconnected
computer systems and decision processes limit collaboration
between pharmacists and physicians. All participants were
enthusiastic about the potential for provincial EHRs to improve
information sharing and communication [39]. A well-designed
EHR could also facilitate many components of a successful
collaboration. Specifically, it has the potential to foster IP-SDM
and level the playing field for understanding around information,
process, and communication.

According to a review of IP-SDM by Dogba et al, safe and
high-quality health care depends on increased levels of
collaboration among HCPs and better engagement with patients
[40]. In our study, all participants voiced their support for
IP-SDM in general. However, when it came to giving examples,
only one physician was able to describe an instance of IP-SDM
in practice, and no pharmacists or physicians were able to clearly
articulate a shared vision for IP-SDM. Moreover, participants
had reservations about their patients’ ability to make decisions.
They referenced the notion that HCP training and experience
enable them to know what is “best for the patients.” Patel et al
[41] have referred to this as a “cautious willingness” to
participate in IP-SDM due to fears over patient competence,
motivations, and dishonesty about adherence.

The notion of “cautious willingness” also applies to HCP
collaboration [42]. Physicians are cautious about giving up a
perceived ownership of a patient’s care, and pharmacists are
equally cautious about making physicians feel like they are
trying to take over the care. The reluctance of pharmacists to
embrace a full scope of practice also reflects serious concerns
about missing information. In the interviews, it was clear that
pharmacists perceive themselves as the last gatekeeper of a
patient’s well-being, yet they are unable to perform that function.

Elwyn et al [43] noted that HCPs often miss the second half of
a consultation, where IP-SDM occurs. We would argue that the
second half of the medication-related consultation is where
IP-SDM and the pharmacist belong. Physicians have the unique
expertise to focus on the diagnoses in the first half of the
consultation. Pharmacists, however, have the expertise required
to help the patients understand and choose a treatment option
that is consistent with their needs and preferences. However,
pharmacists cannot act until they have access to the right
information at the right time and have a bidirectional

communication with the physician. Ultimately, research should
evaluate the link between all interactions in the health care
process that impact patient and clinician decision-making.

Strengths and Limitations
As part of a larger mixed methods study, the insights presented
here are derived solely from the interviews of pharmacists and
physicians. Although these analyses reveal perceptions about
and barriers to IP-SDM and collaboration, they do not reflect
a complete analysis of all data collected, specifically the data
collected from patients. However, in the context of gaining a
deep understanding of physician-pharmacist communications
and relationships, this analysis is a critical step in building a
holistic model of IP-SDM related to medication management.
In addition, while the sample includes pharmacists across all 4
provinces, recruitment challenges limited the participation of
physicians in each of the 4 provinces, especially in Nova Scotia.
Given the similarities in policies and practice across Canadian
provinces and the inclusion of a variety of physician
perspectives, we believe this had little to no impact on our
results. Finally, differences in interviewers’ approaches to
semistructured interviews may have led to differing emphasis
on IP-SDM and collaboration. While the benefit of a
multidisciplinary research team is stronger objectivity stemming
from a variety of research, professional, and patient
backgrounds, this study might have been strengthened even
more if the research team had employed prolonged engagement.
Although important, due to interview time constraints, we could
not explore physicians’ perceptions of pharmacists prescribing,
adapting, or cancelling medications; the influence of these
perceptions is suggested to be explored in future research.

Conclusion
Our study shows that until pharmacists can see the reason for
which a medication is prescribed and physicians gain insight
into adherence, neither group will be fully able to work together
to make medication-related decisions collaboratively. The major
barriers to collaboration include poor communication systems
with minimal interinstitutional information exchange, and even
when an EHR exists, competing decision-making processes are
most often present. We identified the potential to build EHRs
that not only better facilitate access to information but also allow
for processes that better accommodate collaborative care and
enable better understanding of the pharmacist’s scope of
practice. Future research should focus on the alignment of EHRs
with interprofessional decision-making process, which can foster
both intra- and interinstitutional collaboration and information
sharing to best support IP-SDM.
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Abstract

Background: Heavy consumption of alcohol among university students is a global problem, with excessive drinking being the
social norm. Students can be a difficult target group to reach, and only a minority seek alcohol-related support. It is important to
develop interventions that can reach university students in a way that does not further stretch the resources of the health services.
Text messaging (short message service, SMS)–based interventions can enable continuous, real-time, cost-effective, brief support
in a real-world setting, but there is a limited amount of evidence for effective interventions on alcohol consumption among young
people based on text messaging. To address this, a text messaging–based alcohol consumption intervention, the Amadeus 3
intervention, was developed.

Objective: This study explored self-reported changes in drinking habits in an intervention group and a control group. Additionally,
user satisfaction among the intervention group and the experience of being allocated to a control group were explored.

Methods: Students allocated to the intervention group (n=460) were asked about their drinking habits and offered the opportunity
to give their opinion on the structure and content of the intervention. Students in the control group (n=436) were asked about
their drinking habits and their experience in being allocated to the control group. Participants received an email containing an
electronic link to a short questionnaire. Descriptive analyses of the distribution of the responses to the 12 questions for the
intervention group and 5 questions for the control group were performed.

Results: The response rate for the user feedback questionnaire of the intervention group was 38% (176/460) and of the control
group was 30% (129/436). The variation in the content of the text messages from facts to motivational and practical advice was
appreciated by 77% (135/176) participants, and 55% (97/176) found the number of messages per week to be adequate. Overall,
81% (142/176) participants stated that they had read all or nearly all the messages, and 52% (91/176) participants stated that they
were drinking less, and increased awareness regarding negative consequences was expressed as the main reason for reduced
alcohol consumption. Among the participants in the control group, 40% (52/129) stated that it did not matter that they had to wait
for access to the intervention. Regarding actions taken while waiting for access, 48% (62/129) participants claimed that they
continued to drink as before, whereas 35% (45/129) tried to reduce their consumption without any support.

Conclusions: Although the main randomized controlled trial was not able to detect a statistically significant effect of the
intervention, most participants in this qualitative follow-up study stated that participation in the study helped them reflect upon
their consumption, leading to altered drinking habits and reduced alcohol consumption.

Trial Registration: International Standard Randomized Controlled Trial Number ISRCTN95054707;
http://www.isrctn.com/ISRCTN95054707 (Archived by WebCite at http://www.webcitation.org/705putNZT)

(JMIR Hum Factors 2018;5(3):e23)   doi:10.2196/humanfactors.9641
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Introduction

A large proportion of the global burden of disease is due to
excessive alcohol consumption. Alcohol-related deaths increased
by 30%, or approximately 5 million, between 1990 and 2010
[1]. Despite these health risks, heavy alcohol consumption
among university students remains a global problem, with
excessive drinking being the social norm [2,3]. In addition,
research shows that students can be a difficult target group to
reach, and only a minority seek alcohol-related support.
Typically, local on-site student health services are commissioned
to offer preventative services as well as advice and support to
students who wish to reduce or discontinue drinking. However,
these student health services must do so with limited resources
[4]. Thus, it is important to develop interventions that can reach
university students in a way that does not further stretch the
resources of the health services.

Research has shown that interventions delivered by text
messaging, also known as short message service (SMS), is a
cost-effective method to support behavioral change [5] such as
weight loss, smoking cessation, and diabetes management [6,7].
For instance, a 12-week text messaging–based intervention
targeting heavy drinking among young adults was found to
influence the number of days of heavy drinking and the number
of drinks per drinking day [8].

Moreover, positive evidence regarding usability and user
experience of text messaging–based interventions has been
observed. For instance, text messages have been shown to be
highly accessible to users in the sense that messages are likely
to be read within minutes of being received, and interventions
have been shown to be user-friendly as reading text messages
requires limited time and effort [9-11]. Thus, text
messaging–based interventions can enable continuous, real-time,
brief support in a real-world setting [9,12,13].

This study builds on an earlier randomized controlled trial
[14,15] that aimed to show the effect of using a text
messaging–based alcohol consumption intervention among
university students. This study has three aims:

1. To explore self-reported changes in drinking habits in an
intervention group and a control group;

2. To explore user satisfaction among the intervention group
given access to the novel intervention;

3. To explore the experience of being allocated to the control
group.

Methods

Ethical approval for this randomized controlled trial (RCT,
ISRCTN95054707) was given by the Regional Ethical
Committee in Linköping, Sweden (dnr 2016/134-31).

Short Description of the Amadeus 3 Intervention
The Amadeus 3 intervention was developed using formative
methods, including focus groups with students, an expert panel

with students and professionals, and behavioral change
technique analysis. The development of the program has been
previously described [16]. The intervention included facts about
the negative consequences of alcohol, tips on behavioral change
strategies, and activities such as saying no to alcohol.

The intervention consisted of a 6-week program with a total of
62 messages. At the start, users were asked to set a goal of how
much they would like to reduce their drinking. The first 4 weeks
of the program had a higher frequency of 9 messages each week,
followed by 7 messages in week 5, and 5 messages in week 6,
all together 48 messages. Messages were sent at various times
around midday, late afternoon, or early evening. Of the 62
messages, 48 were unique and 14 messages were repeated. Two
messages were repeated at the start of each week, as students
were asked to report via a text the number of drinks they had
consumed the previous week. Following their response, they
received a second text including feedback on their performance
in relation to the goal they set at the start of the intervention.
These paired messages were repeated every Sunday. The content
of the unique messages was primarily based on information or
behavioral practice. Information-based messages typically
included facts about alcohol and health, consequences of
excessive drinking, or tips on behavioral change strategies.
Behavioral practice-based messages included asking students
to reflect on or practice behavioral change; for instance, students
were asked to reflect on triggers for excessive drinking or
practicing saying no to drinking on a night out [16].

The messages were sent from a GSM modem and administered
from a technical platform that was developed and owned by
one of the authors (MB). Sending of all text messages was fully
automated using this platform.

Study Population and Recruitment
University students participating in the main Amadeus 3 study
were invited to give feedback after completing the 6-week
intervention and participating in the formal follow-up of the
RCT [15]. Participants were recruited from 13 colleges and
universities in Sweden. A total of 460 participants were allocated
to the intervention group and 436 to the control group, which
was offered treatment as usual (eg, other support provided at
the universities such as advice and support from student health
care). In the main study, follow-up data on the primary outcome
were collected from 423 participants (92%) of the intervention
group and 392 participants (90%) of the control group. Two
reminders to complete the follow-up questionnaire were sent
by email at 1 and 2 weeks after the initial request.
Nonresponders were then sent text message reminders every
other day for 6 days (a total of 3 text messages), and finally
were contacted by phone (with a maximum of 10 calls).

After the follow-up procedure of the RCT, a second
questionnaire was sent to both groups. The intervention group
was asked about drinking habits and offered the opportunity to
give their opinion on the structure and content of the
intervention. The control group was asked about drinking habits
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and their experience in being allocated to the control group. The
questionnaire was sent by email with 2 weekly reminders.

Questionnaire
The intervention group was asked 12 questions. Each question
had 2–7 fixed-response options with an optional free-text
comment field, except for question 2 for which only a free-text
comment was offered. Free-text comments gave participants an
opportunity to describe other factors of importance not covered
by the fixed-response options.

Initially, drinking habits were explored by 2 questions: (1)
change in drinking habits during participation in the program
(response options: I drink more, I drink less, I drink the same
amount as before, I stopped drinking, I don’t know) and (2)
possible reasons for having stopped drinking or drinking less
if applicable (only free-text comment).

Experiences with the structure of the intervention were explored
by 5 questions: (1) defining a goal for weekly consumption at
the beginning of the program (response options: very
good/good/neither good nor bad/bad/very bad/don’t know), (2)
the mix of motivating, supporting, and factual content (response
options: very good/good/neither good nor bad/bad/very bad/I
don’t know), (3) how the participants experienced the duration
of the intervention (response options: far too long /somewhat
too long/just right/somewhat too short/too short/don’t know),
(4) how the participants experienced the number of messages
per week (response options: far too many/somewhat too
many/just right/somewhat too few/too few/don’t know), and
(5) how long after receiving the messages did the participants
actually read them (response options: immediately/within 1
hour/within a couple of hours/same day/next day).

Experience with the content of the intervention was explored
by 5 questions: (1) the content of the messages (response
options: very good/good/neither good nor bad/bad/don’t know),
(2) the proportion of the messages that the participant perceived
to be useful (response options: all/nearly all/about
half/some/nearly none/none/don’t know), (3) the proportion of
all messages that were read (response options: all/nearly
all/about half/some/nearly none/none/don’t know), (4) whether
the participant would recommend the intervention to a friend
who should reduce alcohol consumption (response options:
yes/unsure/no/don’t know), and (5) whether the participant had
used any additional support during the intervention (response
options: no/yes).

Participants from the control group were asked 5 questions.
Each question had 4 or 5 fixed-response options and offered an
optional free-text comment field, except for question 2 for which
only a free-text comment was provided.

Drinking habits of the control group were explored by the same
2 questions as for the intervention group: (1) change in drinking
habits since the beginning of the trial (response options: I drink
more, I drink less, I drink the same amount as before, I stopped

drinking, I don’t know) and (2) possible reasons for having
stopped drinking or drinking less if applicable (only free-text
comment).

Experience with and actions taken from being randomized to
the control group were explored by 2 questions: (1) experience
of having to wait for support from the program (response
options: disappointed because I expected to get support
immediately/ok because I had time to reflect upon my alcohol
habits/didn’t matter/don’t know) and (2) actions taken while
waiting for support from the program (response options: I used
other support [type of support was to be specified]/I decided to
reduce my consumption until I got support from the program/I
tried to reduce my consumption without support/I continued to
drink as before/don’t know). The final question explored
whether control group participants felt that the information
regarding the study design was sufficient when signing up
(response options: yes, very good/yes, ok/no I lacked
information [type of information was to be specified]/don’t
know).

Data Analysis
Descriptive analyses of the distribution of the responses to the
12 questions for the intervention group and 5 questions for the
control group were performed. In the first step of the analyses,
all free-text comments to each question were read by 2 authors
(UM and CL). In the second step, UM chose a variety of the
most crucial free-text comments for each question. In the third
step of the analysis, UM presented the chosen comments to the
other authors and, after discussion, the comments that captured
the main content of the specific question regarding the aim of
the study were chosen. The free-text comments were used to
underscore and illustrate the pattern of responses to the
fixed-response options. The number after each comment
represented the individual code that was assigned to each of the
respondents. “/.../” showed that part of the free-text comment
had been omitted.

Results

Overview
Baseline data were used to assess differences between
responders and nonresponders. Variables included sex, age,
marital status, total number of standard drinks consumed per
week, number of episodes of heavy drinking, highest estimated
blood alcohol concentration, and the number of negative
consequences experienced. The response rate for the intervention
group was 38.2% (176/460). As can be seen in Table 1, the
baseline characteristics of responders were similar to those of
the nonresponders except for sex; the data indicated that females
were over-represented in the responders group. The response
rate for the control group was 29.6% (129/436). No significant
differences were found among participants and nonparticipants
with respect to baseline characteristics (Table 2).
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Table 1. Baseline characteristics of the responders and nonresponders in the intervention group follow-up.

P valueResponders (n=176)Nonresponders (n=284)Variable

.001a108 (61.4)157 (55.3)Sex, n (% female)

NSc24 (3.5)24 (5.5)Age (years), median (IQRb)

NS106 (60.2)182 (64.1)Marital status, n (% single)

NS12 (8.25)12 (10)Total weekly alcohol consumption (in standard drinks), median (IQR)

NSHeavy episodic drinking, n (%)

32 (18.2)79 (27.8)Two or three times a month

92 (52.3)149 (52.5)Once or twice a week

52 (29.5)56 (19.7)Three times or more a week

NS1.32 (1.12)1.37 (1.11)eBACd, median (IQR)

NS3 (3)3 (3)Number of negative consequences, median (IQR)

aPearson’s chi-square test indicated that the distributions in the 2 groups differed significantly (χ2
1=10.652, P=.001).

bIQR: interquartile range.
cNS: not significant.
deBAC: estimated blood alcohol concentration.

Table 2. Baseline characteristics of the responders and nonresponders in the control group follow-up.

P valueResponders (n=129)Nonresponders (n=307)Variables

NSa72 (55.8)172 (56.0)Sex, n (% female)

NS23 (5)24 (6)Age (years), median (IQRb)

NS71 (55.0)185 (60.3)Marital status, n (% single)

NS11 (8)12 (10)Total weekly alcohol consumption (in standard drinks), median (IQR)

NSHeavy episodic drinking, n (%)

43 (33.3)87 (28.3)Two or three times a month

68 (52.7)150 (48.9)Once or twice a week

18 (14.0)70 (22.8)Three times or more a week

NS1.33 (1.35)1.48 (1.22)eBACc, median (IQR)

NS2 (3)3 (3)Number of negative consequences, median (IQR)

aNS: not significant.
bIQR: interquartile range.
ceBAC: estimated blood alcohol concentration.

In the intervention group, 70.4% (124/176) of the participants
provided at least one comment to the 12 questions and the other
29.5% (52/176) did not offer any additional comments. In the
intervention group, 54.5% (96/176) participants provided
comments on possible reasons for having stopped drinking or
drinking less, 15.9% (28/176) on the question about change in
drinking habits during the program, and 2.3% (4/176) on the
question on the time between receiving and reading the
messages. On average, approximately 20 comments were
provided for each question.

In the control group, 50.3% (65/129) of the participants provided
comments to the 5 questions, and the other 49.6% (64/129) did
not offer any additional comments. As in the intervention group,
most comments were on possible reasons for having stopped
drinking or drinking less (42.6%, 55/129) and the question on

changes in drinking habits during the program (7.0%, 9/129).
The fewest number of comments was provided for the question
on whether the participants found that the information regarding
the study design was sufficient when signing up 4.6% (6/129).
On average, around 17 comments were provided for each
question.

We report the responses to the relevant questions and include
citations from the free-text comments for each heading.

Changes in Drinking Habits and Reasons for Reduced
Consumption

Intervention Group
In the intervention group, 34.6% (61/176) of participants
reported that they consumed the same amount of alcohol as that
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before the intervention, 51.7% (91/176) stated that they were
drinking less, 4.5% (8/176) stated that they had stopped drinking
altogether, 4.0% (7/176) stated that they were drinking more
than before, and 5.1% (9/176) answered that they did not know.
In the free-text comments, some participants expressed that
participation in the study helped them reflect on their alcohol
consumption, leading to changed drinking habits.

I don’t want to stop drinking at a party, but I reflect
more on my consumption since I started participating
in the study. So participation has probably affected
me positively [2540432]

I reflect about my consumption more. I have fewer
binges, but I still drink far too much at times and get
memory loss. [254551]

Not the greatest change, but for example, I don’t drink
at home before the party any more. [2545551]

Increased awareness of negative consequences was expressed
as the main reason for reduced alcohol consumption among
participants in the intervention group who reduced or stopped
drinking during the intervention. In their comments, many
described having experienced consequences regarding
economics, health, relationships, and exam results.

I’m more aware of the negative consequences that
come with drinking and for me that means that I now
want to start living a healthier life. [2540768]

I think more about what alcohol does to my health,
the economy, relationships, work, etc [2540888]

I reflect more about my drinking nowadays. And I
think more about how much I drank or how much I
planned to drink and how that affects me. Thus, I
sometimes completely refrain from alcohol or choose
to drink less when something is to be celebrated. I
received a lot of good advice from the study.
[2540874]

Increased motivation, loss of control when drinking, and
emotional consequences of alcohol consumption were also
mentioned in the free-text comments.

Motivation. /.../ I say and do things that I’m ashamed
of the day after drinking. I get anxiety and I get very
sick the day after. [2568730]

Because I don’t like to get these memory shutters.
What made me think was when you had to count the
units of alcohol and I saw how much I drank.
[2537333]

Some participants also described their reduction in alcohol
consumption because of life changes, such as getting pregnant,
moving to another city, entering working life, as well as new
social networks and relationships.

Change of habits because of a new job. [2540674]

Changed living situation, I don’t live in a student city
any longer. [2541284]

Control Group
Of the participants in the control group, 41.1% (53/129) reported
that they drank the same amount as that before the trial, 32.5%

(42/129) stated that they were drinking less, 1.5% (2/129) stated
that they had stopped drinking alcohol, 11.6% (15/129) stated
that they drank more than before, and 13.2% (17/129) answered
that they did not know. The reasons for reduced consumption
seem to be similar to those of the intervention group, such as
awareness of their drinking habits, which in turn affected
changes in lifestyle.

I don’t hang out with the same people anymore /.../ I
don’t have the same drinking habits that students in
Norrkoping have [2154339]

I feel better. I have a healthier relationship with
alcohol. I live together with my partner now. I focus
more on my studies, training, and health. [2539339]

Satisfaction With the Structure of the Intervention
The intervention began with a request to all participants in the
intervention group to define a goal for their drinking habits. Of
the participants, 77.8% (137/176) agreed that having to define
a goal was good or very good at the beginning of the
intervention.

I think it was good because you always thought about
that goal. Once you drank, you thought about exactly
how much you drank, which caused you to drink less.
[2540464]

Well, it made me feel guilty when I answered the text
messages and wrote how much I had been drinking
this week. [2568862]

On the other hand, 2.3% (4/176) of the participants reported
that setting a goal was bad, and one participant commented that
it created an expectation from the participant and therefore had
the opposite effect.

I felt concerned about the demands or expectations,
and it had the opposite effect [2541027]

The variation in the content of the text messages from facts to
motivational and practical advice was appreciated by 76.7% of
the participants (135/176), particularly among those who
reduced or quit drinking. Some participants emphasized the
need for different content because people have different needs;
some wanted more facts, and 34.6% (61/176) said the variation
was bad or very bad.

A good variety in order to cover the different areas
that may cause problems. [2540491]

People do handle things differently - then variety is
good. [2544151]

I liked when there were facts, eg, how alcohol affect
sleep. Even more facts like that would be good!
[2546086]

The duration of the 6-week intervention was perceived to be
adequate by 55.1% of the participants (97/176).

During the program, I thought it was an unnecessarily
long number of weeks and not very fulfilling. It was
only afterward that I began to think that it was quite
worthwhile. I think the length of it was the most
rewarding aspect for me, to actively reflect on alcohol
for a relatively long time. [2543442]
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Of the participants, 17.0% (30/176) stated that it was too short,
and 19.9% (35/176) stated that it was too long. One participant
suggested sending less than one text message per day.

No problem with 6 weeks, but maybe not with text
messages every day. It felt almost tedious. For me,
the problem arose at the weekends when there was a
party, and that is the time when you might need the
text messages as a reminder. [2541735]

Of the participants, 54.5% (96/176) found the number of
messages per week to be about right; 34.1% (60/176) thought
there were too many messages. One participant said that they
looked forward to the daily text message, but that there was a
lot of information to digest.

Every day I looked forward to the text messages, but
on the other hand it was very extensive /.../there was
a lot of information to take in [2540677]

On average, 19.9% (35/176) of participants read the text
messages immediately when they received them, 53.4% (94/176)
read the messages within 1 hour, 15.3% (27/176) read the
messages within a couple of hours, and 2.3% (4/176) of
participants read the text messages the next day.

Satisfaction With the Content of the Intervention
Regarding the content of the text messages, 64.2% of
participants (113/176) in the intervention group found the
content good or very good. Among those who were in favor of
the content, some emphasized that the messages changed how
they thought about alcohol consumption, and they were
reminded about why they wanted to reduce or stop drinking.
Others stated that the messages made them reflect on their
drinking in a more conscious way.

Interesting information. I had expected horror
propaganda, but many of the issues were about
putting your alcohol problems in perspective and
reflecting on your habits [2540667]

Of the participants, 6.2% (11/176) found the content bad or very
bad. Some participants who were still drinking as before
perceived the messages as irritating and impersonal. One
participant described the messages as a bad joke.

Aggravating. It was like a bad joke, obvious and
impersonal. But the program gave us good laughs at
our party anyway. I thought it was so bad that I ended
in advance. [2544204]

A total of 27.8% (49/176) did not find the content either good
or bad. Some emphasized that the actual content of the messages
was not very important; rather, it was more important to be
reminded and encouraged to think about one’s alcohol
consumption.

I did not feel like it was the content itself that
mattered, many of the text messages repeated things
I already know. For me what made the difference,
however, was being reminded to be aware of my plans
for drinking - which I did by reading the text
messages. What was in the messages did not matter.
And, it felt like someone was supervising a little when

the messages came, which also made me less
motivated to drink. [2539338]

Some thought that the messages were interesting and relevant
initially but then became repetitive, and they suggested shorter
messages less often and that the messages should be sent out
earlier in the evenings, before they started to drink. More
supporting and motivating messages before weekends were
appreciated.

You had the chance to analyze your decision to drink,
so sometimes you chose not to drink alcohol because
you were affected by the message. [2543929]

The proportion of messages that the participants perceived to
be useful differed. Only 35.8% of participants (63/176) thought
that all or nearly all messages were useful for their situation.
Some experienced that the messages gave a feeling that
somebody cared.

I was thankful for the messages in any case. It felt
like someone cared, although virtual. [2540886]

Among those who were still drinking the same amount as before
the intervention and who estimated that none of the messages
were useful, one participant said that the messages had the
opposite effect: a desire to drink.

Seemed that the messages were far too goading and
made me think of alcohol more and to drink more,
the opposite of their purpose [2541098]

In all, 80.7% of participants (142/176) stated that they had read
all or nearly all the messages and only 7.9% of participants
(14/176) reported that they only read a few or none of the
messages. Furthermore, 48.3% of the participants (85/176) said
that they would recommend the intervention to a friend, 39.2%
(69/176) said that they were unsure or did not know if they
would recommend the intervention, and 12.5% (22/176) would
not recommend it.

Uncertain. If one really needs help, more action is
required. But it can be a good way to reflect on ones’
drinking as well as being reminded. [2540432]

Yes, but only if it's a person who has previously
thought about reducing his or her alcohol
consumption. For a person who had not reflected on
it earlier, the program would probably not be so
useful. [2540768]

Of the participants, 95.4% (168/176) had not used additional
support during the intervention. Seven free-text comments
mentioned the use of the following additional support: reading
a book regarding the power of habits, face-to-face encounters
with professionals, dialog with relatives, medication, and
therapy.

Experiences of Being Randomized Into the Control
Group
Among the participants in the control group, 40.3% (52/129)
expressed that it did not matter that they had to wait for access
to the intervention, and 20.9% (27/129) stated that it was fine
to wait because it gave them time to reflect on their
consumption, whereas 27.9% of participants (36/129) expressed
disappointment with having to wait for support.
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Of course, I wanted to get the support as quickly as
possible, but there were no big problems having to
wait. [546113]

However, having to wait seemed a bit frustrating at
first. [2544776]

Regarding actions taken while waiting for access, 48.1% of the
participants (62/129) claimed that they continued to drink as
before, and 34.9% (45/129) tried to reduce their consumption
without any support; 3.1% of participants (4/129) reported that
they decided to wait until they were given access to the
intervention, and the same number of participants reported that
they used other aids, such as medication and support from the
alcohol-dependence units.

The final question explored whether the participants in the
control group found that the information regarding the study
design was sufficient when signing up. Of the participants,
67.4% (87/129) stated that the information was good or very
good, 27.1% (35/129) answered that they did not know, and
5.4% (7/129) stated that they did not think that the information
was sufficient.

You did not really know what you were getting
yourself into; the study was quite unclear and it was
hard to know when the 3 months had passed or were
still ongoing [2540443]

Discussion

Principal Findings
The main findings of this study are that most of the participants
in the intervention group state that participation in the study
helps them to reflect on their consumption, leading to altered
drinking habits and reduced alcohol consumption. Most of the
participants appreciate the variation in the content of the text
messages from facts to motivational and practical advice. The
results also shine light on the experience of being allocated to
a control group and that it does not matter that they must wait
for access to the intervention.

Despite the low response rate of 34%, participants in this user
evaluation study provided valuable information regarding
alcohol consumption and changes in drinking habits, as well as
user satisfaction and the experience of being allocated to a
control group that can be used in further work regarding
alcohol-related support. A note of caution, however, should be
made. There is an over-representation of females who responded
in the intervention group (Table 1). Apart from this, participants
are broadly representative of the study population (participants
in the RCT).

Many individuals find the support helpful, yet in terms of being
effective toward a general nontreatment-seeking population,
there is more work to be done. The reasons given for reduced
consumption seem to be the same in both the control and
intervention groups: increased awareness regarding negative
consequences for health, economics, relationships, study results,
and work, as well as changes in civil status. However, it is not
possible to say why the reasons are the same in both groups.
New interventions need to focus on the factors that both groups
estimate to be important when it comes to changes in lifestyle.

Previous research shows that despite the promising potential of
text messaging–based interventions, it is difficult to tell how
effectiveness may be optimized through the content and structure
choices [11,17]. This study sheds light on some of these
questions because the results show that the overall structure and
content of the text messaging–based intervention are well
received by most participants, regardless of whether they reduce
their drinking. Most agree that the variation is valuable,
particularly among those who reduced or stopped drinking. One
possible conclusion, also noted in previous research using a text
messaging–based intervention among students who smoked, is
that text messaging–based cessation interventions are more
suitable for those who are motivated to use these types of
programs, and those who are not fully motivated or determined
to change their lifestyle habits may find other types of support
more suitable, for example face-to-face meetings with
professionals [18].

Participants in the intervention group who appreciated the
content stressed that the messages changed their thinking about
alcohol consumption. Among participants who were less
appreciative of the content, some emphasized that the content
itself is of less importance. Instead, most of the gain is in being
reminded and encouraged to reflect on one’s consumption. It
is unclear if it is the content of the messages or the frequent
reminders and reinforcement of having committed oneself to
reduce one’s drinking that matters. Similar results were shown
in a previous study using a text messaging–based intervention
to stop smoking among young people [19], and mechanisms of
the effect of this type of intervention remain to be identified
and studied further. The remarks that the same messages are
perceived as irritating, impersonal, and repetitive by some and
useful by others reflect the limitations imposed by untailored
interventions and highlight the difficulty in developing an
intervention that fits all, an issue that has been discussed
extensively [20]. The variation in content is appreciated by most
participants, but the proportion of messages that the participants
perceived to be useful differs. The feeling of being cared for is
mentioned as important among those who think that the
messages are valuable to their situation.

Additional support is used by few, and because the intervention
should be a complement to other support provided at the
universities, the results are not affected in any direction.
Previous research shows that only a minority of students seek
advice and support from student health care, and our results
emphasized the need to further develop new means of reaching
students who drink excessively [21].

Being randomized into a control group implies having to wait
for support for approximately 3 months, but 40.3% of the
participants (52/129) expressed that delayed support did not
matter. Some used the waiting time to reflect on their
consumption. Concern regarding the ethics of assigning
participants actively ready for change to control groups has been
raised [22] and asking participants in control groups to wait to
seek treatment may lessen their natural help-seeking behaviors
[23]. However, participants in this study were free to seek other
treatments, but only a few chose to do so; indeed, half of the
participants continued to drink as before.

JMIR Hum Factors 2018 | vol. 5 | iss. 3 |e23 | p.20http://humanfactors.jmir.org/2018/3/e23/
(page number not for citation purposes)

Müssener et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


The strengths of this study are that participants were recruited
from 14 colleges and universities in Sweden and that there were
many free-text comments to most of the questions. The
intervention is fully automated and did not require the user to
remember to log in to a web portal or similar website throughout
the intervention.

Limitations
Limitations of the study include the low response rate and the
relatively short questionnaires used to explore the views of the
participants. The duration of the intervention was adequate for
only about half of the participants, indicating that the optimal
duration of the intervention is still to be established.

Several steps have been taken to ensure the validity of the
results. Two authors read the free-text comments independently
many times. The first author selected a variety of the most
crucial free-text comments, and then the chosen free-text
comments were presented and discussed with the other authors,
and comments that captured the main content of the specific

question about the aim of the study were chosen. Free-text
comments not agreed on by all authors were excluded.

Conclusions
Reflecting on alcohol consumption may help young people
change their drinking habits and reduce their alcohol
consumption. Variation in the content of the intervention from
facts to motivational and practical advice seems to be
satisfactory, but the optimal duration of the intervention, as well
as the number of messages per week, is still to be established.
Further work is needed to determine what aspects matter to
support students who wish to reduce or quit drinking. To obtain
such knowledge, students’ experiences are probably highly
significant, especially in the context of improving understanding
of the mechanisms behind a successful text messaging–based
intervention. Deeper knowledge is needed about whether it is
the content itself that is important or if the gain is in being
reminded frequently and encouraged to reflect on one’s
consumption.
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Abstract

Background: D2Refine provides a Web-based environment to create clinical research study data dictionaries and enables
standardization and harmonization of its variable definitions with controlled terminology resources.

Objective: To assess the usability of the functions D2Refine offers, a usability study was designed and executed.

Methods: We employed the TURF (task, user, representation, and function) Usability Framework of electronic health record
usability to design, configure, and execute the usability study and performed quantitative analyses. D2Refine was compared for
its usability metrics against two other comparable solutions, OntoMaton and RightField, which have very similar functionalities
for creating, managing, and standardizing data dictionaries. We first conducted the function analysis by conducting one-on-one
interviews armed with questionnaires to catalog expected functionality. The enrolled participants carried out the steps for selected
tasks to accomplish specific goals and their feedback was captured to conduct the task analysis.

Results: We enrolled a group (n=27) of study developers, managers, and software professionals to execute steps of analysis as
specified by the TURF framework. For the within-model domain function saturation, D2Refine had 96% saturation, which was
4 percentage points better than OntoMaton and 28 percentage points better than RightField. The manual examination and statistical
analysis of the data were conducted for task analysis, and the results demonstrated a significant difference for favorability toward
D2Refine (P<.001) with a 95% CI. Overall, 17 out of 27 (63%) participants indicated that D2Refine was their favorite of the
three options.

Conclusions: D2Refine is a useful and promising platform that can help address the emerging needs related to clinical research
study data dictionary standardization and harmonization.

(JMIR Hum Factors 2018;5(3):e10205)   doi:10.2196/10205

KEYWORDS

usability study; data dictionary; interoperability; electronic health records; usability framework; metadata; standardization

Introduction

The process of creating and managing interoperable metadata
is challenging. Additionally, the use of spreadsheets or simple
tabular forms to express and organize metadata definitions is
widespread in the research community. The environments with
spreadsheets and tabular interfaces are common, simple, and
flexible, and familiarity with creating content in them reduces
the learning curve considerably. The trend, toward the ability
to manage metadata using the simple tabular interface of a

spreadsheet, is also evident from the list of metadata tools
identified by Stanford University Libraries [1]. These solutions
have nontrivial installation, configuration, and workflow steps
to create and manage metadata. The translation of metadata is
usually proprietary and does not adhere to a standard format,
reducing interoperability. A standard representation of metadata
would assist metadata developers to identify a minimal core set
of information and help create metadata models with enhanced
interoperability and shared semantics. In our ongoing studies
[2], D2Refine Workbench [3] (D2Refine for short) is being
developed to address these issues and to make the process of
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creating metadata easier using a simpler interface and
disseminated models with enhanced interoperability. This greatly
reduces the complexity, learning curve, and additional
documentation and transformation steps that would otherwise
be needed to make models usable outside their local context,
when shared.

D2Refine is built on top of an open-source solution called
OpenRefine [4] (formerly known as Google Refine), which
offers a simpler, spreadsheet-like interface. D2Refine leverages
the extensible OpenRefine framework to augment customizable
services to create terminology bindings for standardization
efforts. It extends export mechanism to serialize models into
standard formats to persist and share with other metadata
developers. Our objective was to design and conduct a usability
study, following the proven methodology of the TURF (task,
user, representation, and function) framework of electronic
health record (EHR) usability [5], to assess the usability and
usefulness of D2Refine platform. The TURF framework
comprises four analysis areas of focus to facilitate designing
and conducting an effective usability study. The TURF
framework helps us gauge three aspects of a system: useful
(ability to support the work domain), usable (easy to learn, use,
and error-tolerant), and user satisfaction (likability). The TURF
framework guidelines for function and task analyses were
employed in this usability study for D2Refine. The novelty of
this usability study was that it selectively adopted the TURF
framework’s systematic and nonconfounding function and task
analyses guidelines for identifying comparable features of an
environment against one or more competing environments. The
applicability of the TURF framework guidelines saved us time
and effort related to setting up our own guidelines and processes;
we instead focused on evaluating environments. Two
comparable open-source solutions, OntoMaton [6], developed
by Investigation, Study, and Assay (ISA) Tools using the ISA
framework, and RightField [7], developed by University of
Manchester, were selected for side-by-side comparison with
D2Refine. The choices of comparable environments came from
our own knowledge about these systems and from a list of
metadata tools created by Stanford University Libraries [1].
OntoMaton is a set of plugins to Google Sheets that allows users
to manage and standardize data dictionaries, whereas RightField
offers similar capabilities through a Java library programmed
to work with Microsoft Excel. RightField uses Apache POI
Library [8] and Protégé Web Ontology Language (OWL) API
[9] to work with spreadsheets and ontologies, respectively. Since
all three environments present very similar interfaces
(spreadsheet or spreadsheet-like) to clinical study developers,
the user analysis and representation analysis aspects of the
TURF framework were deferred and not included in this
usability study.

This paper describes the requirements collection, execution,
and results of the usability study. It includes the selection and
results of metrics for function analysis and quantitative
evaluation through task analysis. While the function analysis
provides insights into the usefulness of D2Refine, the task
analysis throws light on the usability of D2Refine for a selected
set of tasks. The task analysis is extended to quantify the

satisfaction level of the participants, who completed the selected
set of tasks.

Methods

Study Design
D2Refine, OntoMaton, and RightField offer viewing,
standardizing, and serializing capabilities for data dictionaries
with their simple tabular interfaces. In the following subsections,
we briefly introduce them and describe their comparable
capabilities that are included in the usability study. The TURF
framework is the guiding element in this usability study and as
we introduce the relevant aspects of the framework. We also
describe the participants, who are the most important part of
this study.

Materials

D2Refine Workbench
As mentioned above, D2Refine is developed by extending an
open-source platform, OpenRefine, to help clean up and
organize data in an intuitive manner to anyone who is conversant
working with spreadsheets. This greatly reduces the learning
curve as D2Refine allows a user to create data dictionaries
simply by arranging data dictionary variable definitions as rows.
In addition, D2Refine leverages the OpenRefine’s capability to
directly import and ingest content directly from Web-based data
dictionaries such as those from the database of Genotypes and
Phenotypes (dbGaP) [10]. Figure 1 shows a data dictionary in
D2Refine that is imported directly from dbGaP (by using the
web address of the data dictionary). The dbGaP metadata
elements are marked to demonstrate how simply D2Refine
processes and represents them to the user.

D2Refine further extends the built-in reconciliation service
mechanism of OpenRefine to standardize the data dictionary
variables. D2Refine can add and utilize any Common
Terminology Services 2 (CTS2) [11]-compliant terminology
service to search and link terms to the data dictionary variable
definitions. The D2Refine workbench comes preconfigured
with a default reconciliation service, the National Cancer
Institute’s (NCI) Lexical Enterprise Vocabulary System
(LexEVS) CTS2 Service [12], which provides a quick-start for
users to standardize the data dictionary content. D2Refine’s
export or import extensions provide a way to serialize content
to a desirable standard or customized format. Although
D2Refine implements an extension to serialize a data dictionary
to openEHR’s Archetype Definition Language (ADL) [13]
format, its evaluation for usability was not included in this study.

OntoMaton
The OntoMaton Google Widget, developed by ISA-Tools [14],
is a plug-in widget that works with Google Spreadsheet [15]
documents. Once this widget is augmented to Google
Spreadsheet as an add-on, it can be invoked to display a
right-hand side panel that shares screen with the spreadsheet.
OntoMaton lets users connect and search biomedical terms from
the National Center for Biomedical Ontology’s Bioportal
[16,17], Linked Open Vocabularies [18], and Ontology Lookup
Service [19].
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OntoMaton allows searching with key-phrases in individual
and batch mode and organizes by grouping the result candidates,
in an effort to help users select an appropriate match and create
a terminology (term) binding (linking a cell value to a reference
of a controlled vocabulary term; Figure 2). These term bindings
are stored as additional worksheets as part of the user’s original
data dictionary definition spreadsheet.

RightField
RightField is another open-source dataset annotation tool
developed by the University of Manchester [20] and the
Hiedelberg Institute for Theoretical Studies [21] (Figure 3). It
is designed to work as a standalone Java application, which uses
Apache’s POI [8] to manage data dictionary content in and as
Microsoft Excel documents. Similar to OntoMaton, RightField

opens up a right-hand side panel with a selected set of ontologies
to search and select. A user can create or open an existing
Microsoft Excel document to work with RightField and
standardize the content. RightField is programmed to load
multiple ontologies to work with, although it slows down the
lookup and sometimes adversely alters the ontology hierarchy
tree rendering.

The RightField Ontology Term Annotator allows user to create
term bindings for a cell value with a selected matched term from
the ontology (illustrated in Figure 3 with a dashed arrow).
RightField lets users store a term binding along with a constraint
to validate instance data, by allowing the choice of either a class
hierarchy or an instance of the matched ontology term.
RightField, similar to OntoMaton, manages the term bindings
by augmenting auxiliary worksheets to the user’s spreadsheet.

Figure 1. A dbGaP Data Dictionary viewed in D2Refine. The column headers describe the metadata elements (variable id, name, type, etc) of a data
dictionary. dbGaP: database of Genotypes and Phenotypes.

Figure 2. The OntoMaton Ontology Annotator works with Google Spreadsheets as an add-on to a user’s Google Spreadsheets account.
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Figure 3. A term binding in the RightField Ontology Term Annotator.

The TURF Framework of EHR Usability
The TURF Framework of EHR Usability guided the
implementation of a usability study to compare environments
and defined the ways of measuring the dimensions of usability
for each. We used the TURF framework to assess the usefulness
of a system by employing the function saturation metrics to
help portray coverage of the useful functional capabilities. The
task analysis helped us measure efficiency and robustness in
task completion workflows and helped us understand the efforts
required to accomplish user goals, error prevention, and recovery
and learnability, that is, how usable the system was for doing
the work. Additionally, the satisfaction level of users could be
captured with surveys, interviews, and questionnaires attached
to the various tasks users completed over the course of the study.

Methods of Usability Study
Following institutional review board approval and participants’
provision of informed consent, we enrolled 27 participants. Out
of these, 15 participants were clinical study developers and 12
participants were a mix of administration and information
technology professionals, who develop and support applications
for health sciences research at Mayo Clinic, USA. Most of the
study developers who participated already used various
applications to create, manage, and disseminate clinical study
artifacts. For example, some of them were responsible for
creating case report forms [22], which are equivalent to data
dictionary definitions. These case report forms are composed
together, similar to data dictionaries, to design and conduct

studies for various domains of healthcare research. Many of
these workflows included referencing- and linking-controlled
terminologies for their list of terms and codes. Enrolled
participants were invited and vetted for their knowledge and
familiarity with the clinical study data dictionaries. Employing
the TURF framework for evaluating the usability of D2Refine
hinged on recording and learning from the experiences of the
participants as D2Refine was compared with OntoMaton and
RightField. This study was a combination of two types of
analyses: the function analysis and the task analysis. The data
gathered helped us quantitatively identify the usability strengths
and weaknesses of one system over another, which made it
easier to state our conclusions for each system involved.

Function Analysis
The idea of the function analysis is based on measuring the
usefulness of a system by its implementation of essential
functions. Function analysis helps identify the implementation
of critical functions, without which a system will fail. One of
the initial steps of function analysis is to identify the functions
and the work domain under which they fall. The functions fall
in at least one of the three categories: (1) Functions that a system
implements, (2) Functions that users want, and (3) Functions
that actually get used to carry out the tasks to accomplish goals.
The TURF framework describes these categories as three
models: the Designer Model, User Model, and Activity Model,
respectively. The level of usefulness of a system is proportional
to the overlapped regions of these three models. The TURF
framework recommends organizing the identified functions into
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a work domain ontology. The collected functions are further
evaluated to filter nonessential functions from critical functions.

The Questionnaire Design for the Function Analysis

Awareness about the functions that fell into the three models
of the TURF framework yielded creation of an effective and
useful work domain ontology. This work domain ontology
clearly depicted the functional coverage of participating
environments. To catalog the desired functionality (and weigh
them against implemented and used functions), we designed a
questionnaire for the study participants. This questionnaire
queried participant’s existing environments as well as what
functionalities they wanted to see implemented in a solution.
They were quizzed about ways in which they created, stored,
and disseminated dataset definitions and their use of controlled
vocabularies. The questionnaire included multiple-choice
questions as well as questions for detailed free text responses.
A careful capture of information from participants proved useful
in listing their problems, expectations, and recommendations
for an ideal environment.

The TURF Metrics

We computed two function saturation metrics of the TURF
framework to assess usefulness. The Venn diagrams of TURF
framework’s Domain Models [23] in Figure 4 are ways of
understanding the coverage (the overlapped areas among the
three models) of the functions. The metrics describe the
quantitative overlapped portions of implemented functions in
an environment (Designer Model) that the user wanted (User
Model), and which were eventually used during activities
(Activity Model) to accomplish a task.

Within-model domain function saturation: This metric quantifies
the functional coverage by the current implementation of
functions and is computed as the ratio of domain functions to
total functions in the Designer Model. This is calculated as the
sum of the number of functions in the regions of D, E, and G
divided by the sum of the number of functions in the regions
of A, D, E, and G (Figure 4). The number of functions in regions
A will be inversely proportional to the domain function
saturation or coverage.

Across-model domain function saturation: This is the ratio of
domain functions in the Designer Model to the domain functions
in all three models (Designer, User, and Activity). It is calculated
as the sum of the numerators of the fractions in the regions of
A, D, E, and G divided by the count of all domain functions in
all three models (Figure 4).

The user questionnaire, discussed in the previous section, was
instrumental in capturing the domain functions in these three
models. An OWL [24] work domain ontology was created to
persist and gain statistical insight into the list of uniquely
identified functions. This ontology had a number of top-level
OWL classes to partition functions into three models: Design,
User, and Activity. Each identified function descended from
these top-level classes and each instance of such class related
to its implementation in one or more environments. Arranging
the classes and instances this way allowed us to quickly and
programmatically compute TURF metrics for functional
coverage. A set of scripts in Python [25] were developed to
query the work domain ontology by using SPARQL Protocol
and RDF Query Language [26]. These utility scripts were also
used to dynamically create Venn diagrams to illustrate results
for better understanding.

Figure 4. The Venn diagrams of the TURF (task, user, representation, and function) Framework’s domain models are labeled to help understand the
domain function saturation metrics computation.
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Task Analysis
The TURF framework describes task analysis as the process of
identifying the steps (mental and physical) and their
interdependence to carry out an operation by using a specific
representation in an environment. In this usability study, the
task analysis steps that the participants followed were relatively
simple and straightforward. Since all three environments used
very similar spreadsheet-like interfaces, the task analysis focused
on fair comparison of performing few selected tasks in each of
the environments. The order of selecting the environments to
perform tasks was random to avoid bias. Each participant was
provided the introduction and appropriate documentation to the
three testing environments, D2Refine, OntoMaton, and
RightField, in a separate tutorial session. The tutorial sessions
were conducted to make participants familiar, comfortable, and
conversant in the performance of tasks to accomplish goals of
creating, editing, persisting, and standardizing data dictionary
elements.

In addition to providing verbal feedback, the participants
answered two questions for each task performed in each of the
environments. These two questions captured their level of
satisfaction using a 5-Point Likert scale [27] (strongly disagree,
disagree, neither agree nor disagree, agree, or strongly agree).
Although the time taken to perform each task was also recorded,
it was not used in weighing one environment’s superiority over
another to avoid it being a confounding factor. The third element
of the task analysis was a survey, one for each environment,
which recorded the users’ overall experiences.

The Task Design for the Task Analysis

The participants were given three identical tasks to perform,
common to each of the environments: the task of creating and
viewing a data dictionary, editing an existing (the newly created
dictionary in the first step) data dictionary, and standardizing
the variable names of the data dictionary. Aiming for fair
comparison, each task had an identical number of steps and
method of performing the tasks, and the participants were
instructed to follow these steps precisely. At the end of each
task, participants were instructed to save the work and check
for any loss of work during the save operation.

The first task of creating a data dictionary instructed them to
start with an empty data dictionary and then add three variables
and their constraint definitions. The second task of editing the
data dictionary involved re-opening the data dictionary and
adding and editing select variables. The third task (Textbox 1)
was to use the variable name as a search key-phrase to search
for a matching term from a controlled vocabulary. Each
environment had a way of executing the search (block search
for all variable names as well as searching for each variable
name separately). Once the search result set was presented, each
participant chose the best match and created a link between the
variable name and a reference to the controlled vocabulary term.
These steps made sure an informed valid term binding was
created for each variable name.

The participants answered two questions at the end of each task
to gauge if the environment allowed them to accomplish the

task well and the satisfaction associated with accomplishing the
task, according to their perceived understanding and expectation
of the goal. Each question was measured using a 5-Point Likert
scale [28] with increasing scores: strongly disagree (1, lowest
score), disagree (2), neither agree or disagree (3), agree (4), and
strongly agree (5, highest score). Question III was originally
designed as part of the representation analysis, which was
excluded from the scope of this usability study. It was designed
to capture the level of difference between what each user
expected from the system and what the user actually did to
accomplish the goal. The results were computed with a focus
on responses to Question II, rather than Question III.

Survey Design for the Task Analysis

In an effort to capture additional data that included a
participant’s overall experience with an environment, we
included a set of survey questions (Textbox 2) related to the
organization of interface elements, robustness (failure and
recovering from a failure, eg, error messages and navigation),
auxiliary user interface elements, and easiness with which
information about next step could be found.

Survey questions also included overall satisfaction and comfort
in using the environments. Each of the 9 survey questions had
a binary response: Yes or No. An absence of response was
counted as a No. Each survey question was also assigned a
weight to compute the weighted average score for each
environment, in addition to an unweighted average score. At
the end, each participant was asked to pick their favorite
environment and to rank the environments as first, second, and
third in the order of their preference.

The participants were encouraged to provide feedback and
convey their experiences, which were recorded as comments.
These comments were cataloged and provided useful insights
and much sought-after features expected from environments to
manage metadata definitions.

Statistical Methods

Function Analysis

The TURF framework metrics (domain function saturation:
within-model and across-model) were calculated by using the
proportions of functions to demonstrate the functional coverage
of each environment. These metrics provide instant
understanding of critical and overhead functions each
environment implements.

Task Analysis

The Kruskal-Wallis test [27], which is a nonparametric method
of testing, was chosen to perform the Analysis of Variance [29]
for ranking the environments. This method was employed
because we did not want to assume normality and our sample
size was marginal for parametric testing. A significant
Kruskal-Wallis test indicates that an environment is significantly
different from others, but it does not indicate how it is different
(better or worse). For our purposes, the mean score was
determined to be adequate as a mark of overall user experience.
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Textbox 1. Task details of Study Task 3: to standardize a variable using its name.

3. Searching & Binding Controlled Terminology Terms

a) Open the data dictionary updated in previous task.

b) Search and Link all the cell values of ‘Name’ column only. This might involve searching for values that do not find matches.

c) Verify that all four values in of ‘Name’ column have been linked.

d) Save (if needed) and Close the data dictionary.

e) Please write (or tell the study conductor) answers to the following questions.

Please record your feedback about this task in this particular environment:

I. Task completion time: ________minutes _______seconds

II. The system allows me to accomplish the task well?

1. _____Strongly disagree

2. _____Disagree

3. _____Neither agree or disagree

4. _____Agree

5. _____Strongly agree

III. The system enables me to accomplish the task well, according to my perceived understanding and expectation of the goal?

1. _____Strongly disagree

2. _____Disagree

3. _____Neither agree or disagree

4. _____Agree

5. _____Strongly agree

Textbox 2. A set of survey questions with their assigned weights were given to the participants to assess their overall experience and level of satisfaction
in each of the three environments.

Q1. It was simple to use this system. (0.75)

Q2. I can complete my work quickly and efficiently with this system. (1.0)

Q3. It was easy to learn to use this system. (1.0)

Q4. The information provided with this system is clear. (1.0)

Q5. The organization of the information on the system screens is clear. (1.0)

Q6. Whenever I make mistake using the system, I recover easily and quickly. (1.25)

Q7. It is easy to find information I needed. (1.0)

Q8. I feel comfortable using this system. (1.5)

Q9. Overall, I am satisfied with this system. (1.0)

In the task analysis, there were 26 participants, as one of the
participants withdrew before we could conduct the task analysis.
As there were more than 2 groups (3 environments), it was
useful to see contrasts among environments to precisely
understand the performance of one environment compared with
another.

To assess these pairwise system differences, we subsequently
performed the chi-square test [30]. Pairwise chi-square tests
were performed on the dichotomous outcomes in the same
manner as we employed for the Likert ranked scores.

A scale transformation was performed prior to the statistical
testing, on the Likert scale, from (1, 2, 3, 4, 5) to (−1, −2, 0, 1,

2), to use zero as the center response for better understanding
of the results, as a response of three was neutral, below being
negative and above being positive. In addition to statistical
testing, we also describe our findings in a descriptive
side-by-side display of responses for each of the questions.

Results

Overview
The results of this usability study not only confirm the
usefulness of D2Refine over the other environments but also
offer useful insights into potential feature requirements. The
participants discussed their experiences with existing systems
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and workarounds that they had to take to overcome the lack of
functionality and to get jobs done.

Function Analysis Metrics
After analyzing each participant’s responses to the user
questionnaire and filtering the overhead functions, 98 distinct
functions were identified. We used Protégé OWL Editor [31]
to create the work domain ontology (Figure 5), where these
functions were created as OWL classes and instances. The
properties of OWL instances assisted storing membership of a
function to its domain model and each participant’s responses.

A Python-based utility queried this work domain ontology to
calculate the TURF framework metrics and corresponding Venn
diagrams to depict the function coverage. Figure 6 shows the
function coverage for three environments. There were 91, 92,
and 93 distinct functions for the three environments,
respectively. There were 10 common functions that were
implemented so far and task analysis employed these common
functions like creating and editing data dictionaries. D2Refine
had the largest number of functions in the overlapped areas of
three models, indicating that testers favored its usefulness more,
in comparison to OntoMaton and RightField. D2Refine also
showed the least number of unused implemented functions. The
results show that D2Refine had the most function saturation by

implementing 25 out of 26 critical Designer Model functions
compared with OntoMaton (implemented 16 out of 20 Designer
Model functions) and RightField (implemented 11 out of 16
Designer Model functions). Both metrics of the TURF
framework for the domain function saturation were calculated
(Table 1) among the three platforms, where D2Refine had an
edge over others.

The domain function saturation metrics also agreed with the
observations of function coverage. It shows that overall,
D2Refine implemented 28% of all functions, which was 7
percentage points better than OntoMaton and 11 percentage
points than RightField. For the Within-Model domain function
saturation, D2Refine had 96% saturation, which was 4
percentage points better than OntoMaton and 28 percentage
points better than RightField.

Table 1 shows the TURF framework metrics of domain function
saturation calculated according to their definitions in the sections
“Function Analysis Metrics” and “The TURF Metrics” and
Figure 4. D2Refine implemented 25 out of 26 Domain Model
Functions, resulting in 96% coverage for Within-Model Function
Saturation. The Across-Model Function Saturation was 28%,
wherein D2Refine implemented 26 out of the 91 identified
functions. Similar metrics were computed for OntoMaton and
RightField.

Figure 5. The Work Domain Ontology helped organize and catalog 98 distinctly identified functions.

JMIR Hum Factors 2018 | vol. 5 | iss. 3 |e10205 | p.31http://humanfactors.jmir.org/2018/3/e10205/
(page number not for citation purposes)

Sharma et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 6. Venn diagrams of function coverage.

Table 1. The TURF (task, user, representation, and function) framework metrics of domain function saturation calculated according to their definitions.

RightFieldOntoMatonD2RefineDomain function saturation

n (%)Nn (%)Nn (%)N

11 (68)1616 (80)2025 (96)26Within-model

16 (17)9320 (21)9226 (28)91Across-model

Task Analysis Results
The results for the task analysis are shown in Tables 2 and 3.
Table 2 shows when all three environments were compared for
the three identical tasks and mean of their responses for the two
questions were tallied. The statistics show that a statistically
significant environment score was most helpful in accomplishing
the given task well. Please note that while D2Refine was directly
comparable with OntoMaton and RightField for Tasks 1 and 2
(creating and updating a data dictionary), it clearly stood out
for Task 3 (P<.001, Kruskal-Wallis test). Figure 7 shows the
participant’s responses to the Likert scale choices for the Task
3 questions, which were the most interesting part of the task
analysis. Task 3 was nontrivial in all three environments, as it
required searching for a matched term and creation of term
binding. Both bar charts for Task 3 reflect the favorability of
D2Refine over the other two environments.

Here, Table 2 shows the satisfaction level of participants for all
three environments, compared during task analysis. The P values
show significant differences and indicate a clear leaning toward
D2Refine, especially for Task 3. Table 3 shows the pairwise
comparison of D2Refine with OntoMaton and RightField. We
observed significant differences for Task 1 and Task 2,
indicating that the participants’ experiences were not
significantly different for the tasks of creating and editing data
dictionaries. However, the statistics showed strong significant
differences for Task 3, the task of searching and linking cell
values with controlled terminology terms. In other words, the
P values in Table 3 indicate that D2Refine is significantly
different from OntoMaton and RightField. Taking into account
the statistical leaning toward D2Refine, as exhibited in Table
2, for Task 3, these significant differences indicate the
favorability of D2Refine.
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Table 2. Satisfaction level comparison of the three environments using the average score on Likert scale.

P valueaRightFieldOntoMatonD2RefineTask and questions

Task 1

<.1180.91.51.3Question 1b

<.0140.71.40.8Question 2c

Task 2

<.0360.81.51.5Question 1

<.0170.61.41.2Question 2

Task 3

<.001−1.1−0.11.2Question 1

<.001−1.3−0.21.1Question 2

aP values were calculated using Kruskal-Wallis test for a significance level of.05.
bQuestion 1: The system allows me to accomplish the task well?
cQuestion 2: The system enables me to accomplish the task well, according to my perceived understanding and expectation of the goal?

Table 3. Pairwise comparison between D2Refine and OntoMaton and RightFielda.

Environment comparisonTask and questions

D2Refine vs RightFieldD2Refine vs OntoMaton

Task 1

.19.05Question 1b

.56.023Question 2c

Task 2

.027.89Question 1

.041.35Question 2

Task 3

<.001<.001Question 1

<.001<.001Question 2

aStatistics show significantly different experience for the tasks (especially Task 3); P values were calculated using Kruskal-Wallis test for a significance
level of.05.
bQuestion 1: The system allows me to accomplish the task well?
cQuestion 2: The system enables me to accomplish the task well, according to my perceived understanding and expectation of the goal?

JMIR Hum Factors 2018 | vol. 5 | iss. 3 |e10205 | p.33http://humanfactors.jmir.org/2018/3/e10205/
(page number not for citation purposes)

Sharma et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 7. A side-by-side comparison of the three environments for Task 3 of searching a term and creating terminology binding for a variable name,
showing a favorable trend for D2Refine: (a) The system allows me to accomplish the task well? and (b) The system enables me to accomplish the task
well, according to my perceived understanding and expectation of the goal?

Task Analysis Survey Results
The responses for the 9 survey questions were tallied for their
mean scores. We also compared their overall choice for a
favorite environment, if it were to be used by participants on
regular basis. These results of the survey questions are listed in
Table 4. Even though some statistics did not show significant
differences (especially for Task 1 and Task 2) among the three

environments, participants showed a strong leaning toward
D2Refine for using it to create, update, and standardize the data
dictionaries and other metadata creation needs. Here, we
demonstrate significant differences with highly significant P
values (P<.001) using the Kruskal-Wallis test for survey sum
scores (weighted and nonweighted) and chi-square test for
categorical choice for a favorite system.
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Table 4. Side-by-side comparison of the three environments for the survey results (weighted and nonweighted) and for overall favorite environment.

P valueaRightFieldOntoMatonD2RefineMeasure

<.001b1.13.85.4Nonweighted survey (mean score)

<.001b1.14.15.8Weighted survey (mean score)

<.001c0917Participant’s favorite environment (participants)

aP values were calculated using Kruskal-Wallis and chi-square tests for a significance level of .05.
bKruskal-Wallis test.
cChi-square test.

Discussion

Principal Findings
In the first prototype of D2Refine, we extended the OpenRefine
platform to create and import data dictionaries and standardize
them using a CTS2 Reconciliation Service. The aim was to
determine D2Refine’s usability and effectiveness in managing
data dictionaries. Our approach of conducting a moderated
usability study in which D2Refine was compared with similar
solutions was subsequently clarified. The TURF Framework of
EHR Usability was a great tool for designing and planning this
usability study. The participants were recruited from a group
of interested individuals and included study developers,
administrators, information technology professionals, or end
users. All had adequate domain knowledge and familiarity with
data dictionaries. The tutorials and introduction to these
environments were carefully created to avoid favoring a
particular environment. This helped us in reducing learning
curve greatly for participants and minimizing any confounding
factor like lack of domain knowledge.

The interface and workflow steps are almost identical in these
three systems for obtaining a data dictionary, updating it, and
standardizing its variables. While OntoMaton and RightField
leverage the capabilities of Google Spreadsheets and Microsoft
Excel, respectively, D2Refine leverages OpenRefine.
Participants were given identical or equivalent empty
spreadsheets to help carry out the steps. The structured and
unstructured responses were gathered and used to calculate
TURF metrics and perform statistical side-by-side comparisons.

This usability study provided much needed feedback and insight
into the usefulness of D2Refine. The TURF Framework of EHR
Usability proved to be a great tool to evaluate the usefulness of
each of the participating environments. The function analysis
questionnaire helped develop the work domain ontology and
also identified 98 distinct functions for possible implementation.
Function analysis metrics demonstrated significantly better
function coverage (both within and across domain) for
D2Refine, as compared to OntoMaton and RightField. Task
analysis showed favorable significant differences for
accomplishing the identified tasks with D2Refine, especially
for term search create terminology binding. Participants’
feedback to survey questions and overall experiences favored
D2Refine.

Limitations
While the participants were able to complete their work in all
three environments, there were some issues and errors
participants faced and some issues translated into
recommendations for future improvements. We have highlighted
the participants’ observations, complaints, and wish-list items
that were captured during the task analysis.

The process of typing in the variable definitions was relatively
easier in OntoMaton and RightField because participants were
directly working with the actual spreadsheets, whereas the
D2Refine interface required additional clicks to navigate from
one cell to another. Additional steps were needed to add blank
rows for new variables in D2Refine. The participants noticed
that none of the environments validated the values as they were
typed in. The integrated metadata elements (to create and edit
data dictionary) of D2Refine platform confused participants
with the data dictionary metadata.

For some participants, OntoMaton failed to query and retrieve
results, and for some searches, result set categorization was
incorrect. Preserving and presenting the term binding details
were confusing for OntoMaton and RightField environments.
There was no guidance for users to make informed choices when
creating term bindings, especially in the case of OntoMaton and
RightField. In the case of D2Refine, users could see the term
details from reusing the reconciliation service, but this D2Refine
functionality could be improved.

The behaviors of interface elements of RightField were
disappointing. The column width and font size were very small
and cell values were lost due to nonstandard or incorrect
interface implementation. There were numerous issues with
loading multiple ontologies in RightField and working with
them. RightField failed to load moderate to large size ontology,
and partial load forced us to reset the working environment and
resulted in lost work. RightField always lost the term binding
details when data dictionaries reopened and hence heavily
discouraged its use.

Although we selected common functionalities for comparison,
there are other capabilities that each environment offered, in
their own way. We did not include these additional capabilities
in this study because they were not common across all three
environments. However, two additional features of D2Refine
(1) configurable CTS2 Reconciliation Service and (2)
serialization of data dictionary into a standard format like
openEHR ADL are worth mentioning here.
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D2Refine has a built-in reconciliation service, configured to
connect to NCI’s LexEVS CTS2 Service, which allows users
to search for a term in controlled terminologies at NCI. Although
the built-in connection service is similar to what OntoMaton
and RightField offer, D2Refine lets users add any additional
CTS2 compliant service end-point to its list of available
reconciliation services. Although the capability of augmenting
the reconciliation service for any CTS2-compliant
representational state transfer server is not included in this
usability study, D2Refine still proves its worth with its built-in
reconciliation service, which is at least on-par with OntoMaton
and RightField. D2Refine can also persist a data dictionary by
serializing it into a standard format such as openEHR ADL [32],
which enhances interoperability and makes it shareable and
reusable.

Note that installing and configuring OpenRefine for D2Refine,
like any other application, requires an additional step that users
have to take before D2Refine can be used. This additional step
might hinder D2Refine’s reach to a wider community, and
hence, it forces us to replicate and integrate D2Refine into
existing environments. At present, the environments of
Microsoft Excel, iMedidata RAVE [33], and SAS Data
Management Software [34] are the top choices of participants
for starting and working with data dictionaries. These

participants indicated their desire to extend these existing
environments to avail the features of D2Refine. As a stand-alone
application, D2Refine would still be greatly helpful as a
complementary solution to ease the process of study design.

Conclusions
The benefits of D2Refine’s simpler interface and reconciliation
feature were validated by this usability study. Even though
D2Refine is a prototype for performing data dictionary
management, it compares favorably with other existing
platforms and environments, which have been evolving over
the recent years. The results of this usability study show clear
interest and favorability toward the D2Refine platform.
Participants not only wanted to see it develop but also to use it
as an auxiliary solution that complements their work
environment. This usability study provided valuable data as we
evaluated our strategy for D2Refine and informed the
improvement areas for future development. We believe that the
outcome of this work will significantly improve the capabilities
of existing informatics tools to manage heterogeneous clinical
study data dictionaries and their standardization to improve
semantic interoperability of the resulting data models. The
artifacts including questionnaires, work domain ontology, and
Python utility produced in this study are available online [35].
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Abstract

Background: The US National Cancer Institute (NCI) developed software to gather symptomatic adverse events directly from
patients participating in clinical trials. The software administers surveys to patients using items from the Patient-Reported Outcomes
version of the Common Terminology Criteria for Adverse Events (PRO-CTCAE) through Web-based or automated telephone
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interfaces and facilitates the management of survey administration and the resultant data by professionals (clinicians and research
associates).

Objective: The purpose of this study was to iteratively evaluate and improve the usability of the PRO-CTCAE software.

Methods: Heuristic evaluation of the software functionality was followed by semiscripted, think-aloud protocols in two
consecutive rounds of usability testing among patients with cancer, clinicians, and research associates at 3 cancer centers. We
conducted testing with patients both in clinics and at home (remotely) for both Web-based and telephone interfaces. Furthermore,
we refined the software between rounds and retested.

Results: Heuristic evaluation identified deviations from the best practices across 10 standardized categories, which informed
initial software improvement. Subsequently, we conducted user-based testing among 169 patients and 47 professionals. Software
modifications between rounds addressed identified issues, including difficulty using radio buttons, absence of survey progress
indicators, and login problems (for patients) as well as scheduling of patient surveys (for professionals). The initial System
Usability Scale (SUS) score for the patient Web-based interface was 86 and 82 (P=.22) before and after modifications, respectively,
whereas the task completion score was 4.47, which improved to 4.58 (P=.39) after modifications. Following modifications for
professional users, the SUS scores improved from 71 to 75 (P=.47), and the mean task performance improved significantly (4.40
vs 4.02; P=.001).

Conclusions: Software modifications, informed by rigorous assessment, rendered a usable system, which is currently used in
multiple NCI-sponsored multicenter cancer clinical trials.

Trial Registration: ClinicalTrials.gov NCT01031641; https://clinicaltrials.gov/ct2/show/NCT01031641 (Archived by WebCite
at http://www.webcitation.org/708hTjlTl)

(JMIR Hum Factors 2018;5(3):e10070)   doi:10.2196/10070
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Introduction

Symptomatic adverse events (AEs) such as nausea and fatigue
are common in cancer clinical trials [1]. Historically, this
information has been reported by clinicians using the National
Cancer Institute (NCI) Common Terminology Criteria for
Adverse Events (CTCAE), the most commonly used system for
AE reporting [2]. To enable patients to directly report this
information, the NCI recently developed the Patient-Reported
Outcomes version of the CTCAE (PRO-CTCAE) item library
as a companion to CTCAE. PRO-CTCAE includes 78
symptomatic AEs; for each symptomatic AE, 1-3 distinct items
are used to evaluate the presence, frequency, severity, and
associated interference with usual or daily activities for a total
of 124 items [3]. PRO-CTCAE is designed to be administered
frequently in trials, for example, weekly, and it records the worst
magnitude for severity assessment, in accordance with the tenets
of AE reporting. These AEs can be individually elicited and are
not aggregated into global scores compared with other reporting
methods. Development and testing of PRO-CTCAE items,
including validity, reliability, responsiveness, mode equivalence,
and recall period, have been previously reported [4-6].

As part of the development of the PRO-CTCAE items, prototype
software was developed [7]. The key functionalities were
derived from an iterative process, including patients, clinical
trialists, administrators, NCI, and Food and Drug Administration
stakeholders, and included the following:

1. Professional (clinician and research associate) interface:
This includes a form builder that enables selection of
PRO-CTCAE items and a configurable alert system that
activates emails if patients miss a scheduled self-report or
patients self-report a severe or worsening AE. Additionally,

it includes tools for displaying patient-reported information
with various levels of access restriction, given the use of
the software by different user types.

2. Survey scheduling: A graphical calendar that enables
scheduling or timing of patient survey administration, which
is configurable by study and has the ability to shift dates in
real time at the patient or study level if treatment schedules
are modified during a given trial.

3. Patient survey interface: Surveys are administered to
patients through a Web-based survey that presents questions
for each AE together on a page (based on prior research)
[8] or an automated telephone interactive voice response
(IVR) system. “Conditional branching” is included for AEs
with more than one question and a free text box is included
at the end for patients to add additional symptoms via
dropdown options or to enter unstructured text.

Creating such a system is complex, given the necessity for
considerations around security and privacy, diverse computer
literacy levels of patients, the need to integrate PRO data into
the workflow of professionals, and required compliance with
US government Section 508 specifications to ensure that the
software was accessible to users with disabilities [9]. Thus,
before scaling the system for large-scale implementation in
clinical trials, we sought to optimize its usability by testing with
end users (patients and clinical trial staff). We have described
the usability assessment of the PRO-CTCAE system with a
combination of evaluation methods in order to facilitate future
adoption of the system into oncology research efforts [10] and
improve clinical data collection and patient safety [9].

The aims of this study were (1) to perform a heuristic evaluation
of the software to determine functionality problems, deviations
from best practice, and compliance with regulations; (2) to
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conduct Round 1 of the initial usability testing using both
quantitative and qualitative methods with target users, patients
with cancer, and professionals that treat cancer; and (3) to refine
the PRO-CTCAE system with software development and
re-evaluate its usability with Round 2 of testing and include
remote testing and IVR system evaluation.

Methods

Study Approach
A protocol for usability testing was approved by the institutional
review boards at the NCI and 3 participating institutions, Duke
University (Durham, NC), MD Anderson Cancer Center
(Houston, TX), and Memorial Sloan Kettering Cancer Center
(New York, NY). The study approach to test and refine the
PRO-CTCAE software consisted of two interrelated
components, heuristic evaluation, followed by successive rounds
of iterative user-based usability testing (Figure 1), to interrogate
the following discrete, well-established domains [10,11]: ease
of learning, efficiency of use, memorability, error frequency
and severity, and subjective satisfaction (Multimedia Appendix
1) [12].

Aim 1: Heuristic Evaluation
Heuristic evaluation is an inspection method that identifies
usability problems through examination to evaluate compliance
with recognized principles [13]. Usability experts interacted
with the system and performed all tasks involved in creating
and completing a survey to identify common issues related to
collection and communication of PRO-CTCAE data for cancer
clinical trials [14]. Usability heuristics were applied to all tasks
of both patient and professional users to facilitate patient
symptom reporting [15]. Results were organized into heuristic
categories and discussed by the research team in order to
develop solutions, guide software modifications, and identify
potential challenges prior to user-based testing [16].

Aims 2 and 3: User-Based Usability Testing
User-based testing involves observation of end users to evaluate
the ease of navigation, interaction with application features,

ability to perform essential functions, and satisfaction with task
flow [17]. We performed user-based testing of the PRO-CTCAE
software with patients receiving systemic cancer treatment and
among professional users (physicians, nurses, and research
associates). We obtained informed consent from all users for
participation in this study.

The usability investigative team (represented by the authors)
analyzed the PRO-CTCAE software core functionalities and
identified key tasks for testing [18]. The performance of these
tasks by end users was directed by experienced evaluators using
semiscripted guides that incorporated the “think-aloud” method
[19] (see Multimedia Appendix 1 and Patient and Professional
Protocols in Multimedia Appendix 2). Evaluators monitored
how test subjects interacted with the system, while users were
concurrently asked to describe their thoughts and actions during
which comments were documented. These comments were
categorized into usability problem types and classified as
positive, neutral, or negative [20]. We flagged all comments
that contained suggestions for improvements for review.
Furthermore, a “task completion” scale ranging from 0 to 5 was
developed to gauge the difficulty of each usability task (Table
1). After testing, all users completed the System Usability Scale
(SUS) that evaluated the usability from 0 to 100, with high
scores indicating high usability and scores above 68 indicating
better than average usability [21,22].

Consistency among evaluators at each site was emphasized
during on-site training conducted by experienced usability
evaluators (MS and LH) and was supplemented by subsequent
remote booster training. To capture the evaluations of
professional staff, evaluators followed a semiscripted guide that
was based on prior analysis of key system functions [23].
Accordingly, two rounds of testing were planned, with a targeted
sample size of 40-65 professionals (physicians, nurses, and
research associates) and 160-195 patients. Based on the
conceptual saturation of usability testing issues, the study design
included an option to add a third round if usability issues were
not resolved through refinement between the first two rounds
of testing.

Figure 1. Study description and usability testing plan. IVRS: interactive voice response system (automated telephone).
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Table 1. Quantitative task completion.

Score descriptionAssistance and score

Assistance not necessary

Completed task easily5

Task performed with hesitation or single error4

Achieved task with confusion or with multiple inappropriate clicks3

Assistance provided

Completed with single prompt2

Task performed after multiple prompts and help1

Despite prompts, task not completed correctly0

The investigative team, in collaboration with human factors
consultants, reviewed the results in Round 1 to create solutions
and software revision priorities to address the identified
limitations in functionality and usability. Subsequently, we
tested these modifications in Round 2 and again reviewed to
determine if issues were satisfactorily resolved or if further
revision or testing was warranted. “Usability” was predefined
as the presence of a ceiling effect in the performance
measurement and resolution of all identified significant problems
amenable to software innovation [19].

Patient Testing
Patient testing focused on the completion of PRO-CTCAE
questions using two different available data entry interfaces,
Web-based interface and IVR system. We approached patients
receiving outpatient systemic cancer treatment in clinic waiting
rooms and invited them to participate in this study if they could
speak English and did not have cognitive impairment that would
have precluded the understanding of informed consent and
meaningful participation in a usability testing. An accrual
enrichment strategy was employed to oversample for participants
who were ethnically and racially diverse, had high school
education or less, were aged >65 years, and had limited baseline
computer experience. The accrual of participants with these
characteristics was monitoring during weekly calls; we discussed
strategies for recruiting and enrolling patients with these
characteristics.

In Round 1, all participants were asked to perform a series of
scripted tasks (eg, log in the system, answer survey questions,
and add a symptom), while being observed in private areas of
clinic waiting rooms. Evaluators took notes regarding user
responses to scripted tasks and questions and audiorecorded the
interactions for subsequent transcription and analysis.

In Round 2, patient participants were asked to complete a series
of PRO-CTCAE tasks while being monitored in the clinic or
remotely without assistance or supervision. For remote testing,
patient participants were assigned either to use the Web-based
interface or IVR system. Instructions for using these interfaces
were provided on an information card with login instructions,
and an instructional video was also available. After the remote
completion of the PRO-CTCAE tasks, an evaluator contacted
each participant and asked semiscripted questions about the
usability that focused on ease-of-use and difficulties associated
with each task. Remote use was emphasized in Round 2 because

it was anticipated that many future trial participants would be
accessing the PRO-CTCAE software from home and would not
have staff available to assist.

Physicians, Nurses, and Research Associates Testing
The evaluators observed the users as they completed a scripted
series of tasks and audiorecorded encounters for transcription
and analysis. In Round 1, the testing was evenly distributed
among professional roles, whereas in Round 2, the testing
focused predominantly on research associates, as it was
anticipated that they would perform a majority of tasks
associated with scheduling and processing of PRO-CTCAE
data during trials.

Study Sites
We enrolled all participants from 3 academic cancer hospital
outpatient clinics and their affiliated community oncology
practices (Duke University, MD Anderson Cancer Center, and
Memorial Sloan Kettering Cancer Center). Recruitment was
monitored weekly to ensure that the accrual was on schedule
and enrichment procedures were being followed and to reinforce
consistency of study methods.

Statistical Analysis
All data were entered into REDCap version 4 (Vanderbilt
University, Nashville, TN) SPSS version 21 (IBM, Armonk,
NY) was used for analyses. For each usability task, we compared
the mean task completion score between each round using
independent sample t tests and compared them with other tasks
in the same round using repeated measures analysis of variance
(ANOVA). We performed pairwise comparisons following
ANOVA using the Tukey’s Honest Significant Difference test.
Furthermore, all statistical tests were two-sided, and we
considered P<.05 as statistically significant.

Results

Aim 1: Heuristic Evaluation
The system was inspected by 2 usability experts using
established heuristics to identify usability issues and propose
solutions. Tables 2 and 3 shows the results of this evaluation,
including heuristic categories, usability problems, and
modifications to the software prior to user-based testing. For
example, inspection of a patient Web-based interface revealed
that small radio buttons for symptom scoring tended to be
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difficult to use by people with poor eyesight and limited
dexterity. Thus, the buttons were made larger and the severity
of symptom was included in the button (Figure 2). Heuristic
and initial patient testing identified difficulty with the use of
radio buttons to indicate response choices for symptom
collection, lack of apparent progress indicators, and the size,

color, and positioning of navigation buttons (forward and
backward) as potential usability issues. Based on these findings,
improvements were made to the interface, such as larger buttons,
improved indication of button functions, and graphical and
numerical progress indicators.

Table 2. Results of the heuristic analysis and resulting software solutions (patient).

Patient interface solutionPatient interface issueHeuristic categories

Quantify number of pages or questions remaining and show
progress

Users cannot tell how many questions remain in a surveyVisibility of system status

Match the shape of buttons to function and add pictures to
buttons

Buttons are not representative of their functionMatch between the system

and the real worlda

Optimize size, shape, location, and color of forward and
backward buttons

Navigation to move backward and forward not clearUser control and freedom

Present labeling in consistent formatInconsistent labeling of PRO-CTCAEb symptom termsConsistency and standards

Increase size, labeling, and spacing of buttonsSmall buttons close together, which increases the risk of
selecting the wrong button

Error prevention

Enlarge or enhance appropriate buttons; avoid open spaces
and scrolling

Too many radio buttons in variable positionsAesthetic and minimalist
design

Create help documentationaNo help availableHelp users recognize and
recover from errors

Create large target area for clicks and touch; make text
larger and use easy-to-read font, and appropriate for color-
blind individuals

Radio buttons difficult to use; text too smallDisability accommodationsc

aDefined as functionality intuitively matching the intended function.
bPRO-CTCAE: Patient-Reported Outcomes version of the Common Terminology Criteria.
cItem is not part of standard traditional heuristics and was added for the specific needs of our patient population.

Table 3. Results of the heuristic analysis and resulting software solutions (professional users).

Professional interface solutionsProfessional interface issueHeuristic categories

Create a spinning icon to show when the system is process-
ing a task

Users cannot tell during pauses if the system is processing
a task or is frozen

Visibility of system status

Add clear terms for functions (eg, “finalize” to finish a
survey); add a graphical calendar to display or alter patient
survey schedule

Users cannot tell if the survey is ready for patients to
complete; survey schedule presented as a list instead of the
calendar

Match between the system

and the real worlda

Provide ability for users to organize interface and modules
that they use most often

No ability to customize interfaceUser control and freedom

Present labeling in consistent format; enable data to be
downloaded for analysis in common formats

Inconsistent labeling of PRO-CTCAEbsymptom terms; no
ability to download collected data in a standardized format

Consistency and standards

Present information in a clear calendar formatDates difficult to read, interpret, or change in the survey
schedule

Error prevention

Software defaults study number and site for users once
entered; software auto-populates user preferences or data

Software does not remember study number or site for a
user; the user has to frequently re-enter same data

Recognition rather than re-
call

Create dashboard displaying key information and upcoming
surveys

No “dashboard” of essential or time-sensitive dataFlexibility and efficiency of
use

Make more functions easily available on the dashboardMenu buttons are difficult to useAesthetic and minimalist
design

Provide popup messages to help correct and prevent future
errors

No explanations provided to users to understand causes of
errors

Help users recognize and
recover from errors

aDefined as functionality intuitively matching the intended function.
bPRO-CTCAE: Patient-Reported Outcomes version of the Common Terminology Criteria.
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Figure 2. Screenshots of the Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events (PRO-CTCAE) before and
after usability improvements to benefit end-users: patient.

In the Web-based interface for professional staff, the survey
scheduling function was modified from a horizontal list to a
more intuitive calendar graphic (Figure 3). Testing with
clinicians and research associates identified difficulties in setting
and changing schedules for the survey administration to patients.
This was improved for Round 2 with the addition of a
calendar-type layout with drag-and-drop functionality that
enabled survey schedules to be easily configured and modified
at the patient level.

Aim 2: User-Based Usability Assessment

Participants
Multimedia Appendix 1 shows the characteristics of patients
and professionals (physicians, nurses, and research associates)
who participated in the usability testing. A total of 169 patients
participated; 54.4% (92/169) were females, 18.3% (31/169)
were older than 65 years, 31.9% (54/169) were nonwhite, 26.0%
(44/169) had high school education or less, and 18.3% (31/169)
had limited prior computer experience. Next, 47 professional
users participated, including 51% (24/47) clinicians and 49%
(23/47) research associates. Clinicians comprised 26% (12/47)
physicians and 26% (12/47) nurses.

Patient Usability Testing: Round 1
Round 1 testing identified favorable initial usability, with a
mean SUS score of 86 for the patient Web-based interface (95%

CI 83-90). Figure 4 shows the mean scores for each of the
specific tasks using the task completion 0-5 scale. Across all
tasks, the mean score was 4.47 (95% CI 4.31-4.62). The only
task that was significantly more difficult compared to other
tasks was logging into the system (task score 3.67; 95% CI
3.18-4.16; P<.001) as shown in Figure 4.

In addition, 51% (90/175) of the comments generated from the
think-aloud procedure in Round 1 signified a positive appraisal
of the system usability, despite using a protocol designed to
find usability problems (Multimedia Appendix 1). Furthermore,
45.1% (79/175) of the patient comments identified areas for
improvement, including difficulties with passwords, logging
into the system, and problems with the standardized category
“match between system and real world” (ie, the task does not
intuitively match the intended function).

Professionals (Clinicians and Research Associates)
Usability Testing: Round 1
Overall, usability of the system based on the SUS score was 71
(95% CI 60-82). Figure 5 shows the mean task completion score
for professional staff users. Moderate to high initial usability
was seen across tasks with a mean score of 4.02 (95% CI
3.82-4.21).
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Figure 3. Screenshots of the Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events (PRO-CTCAE) before and
after usability improvements to benefit end-users: professional staff.

Figure 4. Task performance by patients using the 0-5 quantitative task completion scale (Table 1) and tasks from Multimedia Appendix 1. IVRS:
interactive voice response system.
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Figure 5. Task performance by professionals using the 0-5 quantitative task completion scale (Table 1) and tasks from Multimedia Appendix 1.

Several tasks were identified by professional users as difficult
or cumbersome, including determining the number of PRO
surveys to be administered, monitoring patients’ completion of
surveys, and creation of a schedule for survey administration.
Determining the number of surveys to be scheduled was rated
as significantly more difficult than other tasks (task score 2.55;
95% CI 1.90-3.20; P=.002), with a trend in task completion
score indicating difficulty with scheduling the initial date for
survey administration (task score 3.36; 95% CI 2.55-4.19;
P=.08).

In Round 1 testing, professionals offered 141 comments about
system usability and provided recommendations to the improve
the flexibility and efficiency of use and to provide an aesthetic
and minimalist design, recognition rather than recall, a match
between the system and the real world (ie, the functionality
intuitively matches the intended function), and consistency
(Multimedia Appendix 1).

Aim 3: System Improvements Between Rounds of
Testing
Between rounds of user-based testing, software modifications
were made based on study results. Specific improvements
included functionality for remembering user preferences (eg,
defaulting to a user’s institution, specific study number or name,
and calendar preferences), minimizing the number of required
clicks and dialog boxes, and simplifying the design to make the
system more intuitive (Figure 3; Multimedia Appendix 1;
specific example shown in Figure 2).

A major change to the clinician interface involved the inclusion
of a calendar view for PRO-CTCAE survey scheduling. This
calendar view could also simultaneously display scheduled
surveys for multiple participants on the same day (Figure 3).
Other significant changes included the creation of a
“dashboard”-type screen upon login, which displayed clinical
alerts, upcoming surveys, and the monthly calendar of surveys.

Patient Usability Testing: Round 2
In Round 2, usability remained high with a mean SUS score of
82 (95% CI 76-88) for the patient Web-based interface as tested
in the clinic compared with a mean score of 86 (P=.22 for
comparison) in Round 1. Participants who tested the Web-based
interface or IVR system remotely and without staff assistance
provided mean SUS scores of 92 (95% CI 88-95) for the home
Web-based interface and 89 (95% CI 83-95) for the IVR system.

Task completion scores were also high with average score of
4.58 (95% CI 4.45-4.72) for the patient Web-based interface
testing in the clinic, 4.85 (95% CI 4.77-4.93) for remote Web
testing, and 4.74 (95% CI 4.66-4.82) for remote IVR system
testing (Figure 4). Notably, logging into the system continued
to be documented as a significant problem when using the
patient interface in the clinic where internet connections were
inconsistent; the mean score for the task of logging into the
system was significantly lower than that for other tasks (3.93:
95% CI 3.46-4.41; P=.001). The scores for the remainder of
tasks were not found to be markedly different, and the presence
of consistently high scores across tasks suggested a ceiling
effect.

We analyzed patient user comments separately for clinic-based
versus remote use and classified them thematically (Multimedia
Appendix 1). The most common theme was “difficulty in
logging into the system,” which substantially improved between
Rounds 1 and 2 (2.3% in Round 2 vs 9.1% of comments in
Round 1). The second-most common critique was a lack of
“match between the system and real world” (ie, functionality
not intuitively matching the intended function), and this
mismatch decreased after Round 2 testing (1.7% vs 8.6%). The
IVR system component of the PRO-CTCAE system generated
negative comments regarding “visibility of system status”
(3.7%) and “flexibility and efficiency of use” (2.0%). Based on
these results, we concluded that a satisfactory level of patient
usability had been attained.
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Professional Staff Usability Testing: Round 2
Round 2 testing with professional staff focused on specific
usability issues that had been identified in Round 1 and modified
through software modifications. In Round 2, the SUS score was
75 (95% CI 69-82), compared with the Round 1 score of 71
(P=.47 for comparison). Across all tasks, the mean task
performance score was 4.40 (95% CI 4.26-4.54), which was
significantly improved from Round 1 (vs 4.02, 95% CI
3.82-4.21, P=.001). Usability scores improved for the 2 tasks
with marked difficulty in Round 1, specifically, “determining
the number of surveys to be scheduled” (improved from 2.55
in Round 1 to 4.69, 95% CI 4.14-5.24, P<.001) and “creating
an initial survey administration schedule” (improved from 3.36
in Round 1 to 4.00, 95% CI 3.44-4.56, P=.19). Furthermore,
the task of “naming a form and adding a symptomatic toxicity”
significantly improved from 3.90 in Round 1 to 4.52 (95% CI
4.24-4.80; P=.04).

Compared with Round 1, professionals offered fewer negative
comments regarding “aesthetic and minimalist design,” as well
as “match between the system and the real world” (Multimedia
Appendix 1). Negative comments persisted in the heuristic
domains of “recognition rather than recall” and “flexibility and
efficiency of use.” The investigative team discussed these
comments and concluded that they were consistent with the
learning curve typically associated with the use of any complex
software and that further modifications to address these
comments were unlikely to improve usability of the system.

Discussion

A rigorous usability evaluation of a software system for the
PRO-CTCAE survey administration, using heuristic and
user-based testing with 169 patients and 47 staff members, with
iterative modifications between rounds of testing, yielded a
highly usable system for electronic capture of PRO-CTCAE
responses. As the system for survey scheduling and
administration must be integrated into the complex workflow

of cancer clinical trials, comprehensive usability testing by both
patients and professional staff was essential. In comparison to
many usability assessments, this study included a relatively
large and diverse sample that included patients, clinicians, and
research associates as users. Moreover, a purposeful enrollment
strategy to achieve a patient sample that was diverse with respect
to age, ethnicity, educational attainment, and digital literacy
strengthens the generalizability of our results.

Based on these favorable usability outcomes, the PRO-CTCAE
software system has been implemented in 5 large, multicenter
cancer clinical trials in the NCI National Clinical Trials Network
and the NCI Community Oncology Research Program (NCORP;
NCT01515787, NCT02037529, NCT02414646, NCT01262560,
NCT02158637). These findings have also informed the
specification of the required functionalities for a downloadable
mobile app to collect PRO-CTCAE data within the Medidata
Rave clinical trials data management system, thereby supporting
the inclusion of PRO-CTCAE in numerous NCI-sponsored
cooperative group trials.

This study has several limitations, which should be considered
while interpreting the results of this study. First, the system was
only assessed in outpatients, and therefore, it is not known
whether comparable usability would be seen in hospitalized
patients. Second, the sampling did not include participants with
visual, auditory, or tactile impairments that might restrict their
use of computer hardware or a telephone-based IVR system use
of hardware. Finally, we did not enrich our sample for
participants with performance status impairment, and
approximately 20% of patients enrolled were older than 65 years
and had lower digital literacy.

In conclusion, heuristic evaluation followed by iterative rounds
of multistakeholder user-based testing and refinement evolved
the PRO-CTCAE software into an effective and well-accepted
platform for patient-reporting of symptomatic AEs in cancer
clinical trials.
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Multimedia Appendix 1
Information on usability domains used to define the PRO-CTCAE system; tasks included in the evaluation of the patient portal
and professional interface; patient user demographics; professional user demographics; patients’ qualitative comments about the
system; professionals’ qualitative comments about the system.
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Multimedia Appendix 2
Professional and patient think-aloud protocols.
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Abstract

Background: Providing clinical performance data to health professionals, a process known as audit and feedback, can play an
important role in health system improvement. However, audit and feedback tools can only be effective if the targeted health
professionals access and actively review their data. Email is used by Cancer Care Ontario, a provincial cancer agency, to promote
access to a Web-based audit and feedback tool called the Screening Activity Report (SAR); however, current emails that lack
behavior change content have been ineffective at encouraging log-in to the SAR.

Objective: The objective of our study was to describe the process and experience of developing email content that incorporates
user input and behavior change techniques (BCTs) to promote the use of the SAR among Ontario primary care providers.

Methods: Our interdisciplinary research team first identified BCTs shown to be effective in other settings that could be adapted
to promote use of the SAR. We then developed draft BCT-informed email content. Next, we conducted cocreation workshops
with physicians who had logged in to the SAR more than once over the past year. Participants provided reactions to
researcher-developed BCT-informed content and helped to develop an email that they believed would prompt their colleagues
to use the SAR. Content from cocreation workshops was brought to focus groups with physicians who had not used the SAR in
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the past year. We analyzed notes from the cocreation workshops and focus groups to inform decisions about content. Finally, 8
emails were created to test BCT-informed content in a 2×2×2 factorial randomized experiment.

Results: We identified 3 key tensions during the development of the email that required us to balance user input with scientific
evidence, organizational policies, and our scientific objectives, which are as follows: conflict between user preference and scientific
evidence, privacy constraints around personalizing unencrypted emails with performance data, and using cocreation methods in
a study with the objective of developing an email that featured BCT-informed content.

Conclusions: Teams tasked with developing content to promote health professional engagement with audit and feedback or
other quality improvement tools might consider cocreation processes for developing communications that are informed by both
users and BCTs. Teams should be cautious about making decisions solely based on user reactions because what users seem to
prefer is not always the same as what works. Furthermore, implementing user recommendations may not always be feasible.
Teams may face challenges when using cocreation methods to develop a product with the simultaneous goal of having clearly
defined variables to test in later studies. The expected role of users, evidence, and the implementation context all warrant
consideration to determine whether and how cocreation methods could help to achieve design and scientific objectives.

(JMIR Hum Factors 2018;5(3):e25)   doi:10.2196/humanfactors.9875
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Introduction

Audit and feedback is a widely adopted strategy to improve
clinical practice guideline adherence [1]. However, audit and
feedback tools can only be effective if physicians access them
to review their clinical performance data. Physicians who do
not see their performance feedback data are not likely to use it
for quality improvement [2]. Email is commonly used to
communicate with physicians and can be an effective channel
for encouraging guideline-recommended care [3] and access to
Web-based educational opportunities [4]. Cancer Care Ontario,
a provincial government cancer agency, uses email
communications to encourage primary care physicians to log
in to a Web-based cancer screening tool called the Screening
Activity Report (SAR).

The SAR is a Web-based audit and feedback tool aimed at
improving cancer screening-guideline adherence among primary
care physicians in Ontario, Canada. The SAR contains
patient-level information about rostered patients (ie, patients
that are enrolled with a physician) who require action regarding
cancer screening (eg, due for screening, overdue for screening,
and require follow-up to an abnormal result). To promote regular
SAR use, Cancer Care Ontario sends monthly emails to family
physicians to inform them that the SAR data has been updated.
However, the content of these monthly emails appears to be
ineffective at promoting access to the SAR; only 2.37%
(129/5445), 3.76% (207/5512), and 4.09% (227/5552) of the
SAR-registered physicians logged in to the SAR in February,
March, and April 2017, respectively [5]. Additionally, in the
same period, less than half of recipients opened the email and
only about 7% clicked on the embedded link to access the SAR
[6]. Thus, there is a need to understand how to develop emails
that are more effective at encouraging family physicians to log
in and use the audit and feedback tool.

There may be a number of reasons why physicians do not open
the monthly SAR email, including feeling overwhelmed by the
number of emails received and having limited time to open
emails [7]. Another potential reason may be that physicians
dismiss these emails owing to a lack of compelling content (eg,
benefits to the physician and patient of using the SAR). It may
be possible to improve SAR access with content that employs
a behavioral science approach to address barriers to SAR use.

In this paper, we describe our process and experience of
developing email content involving cocreation workshops and
focus group discussions with physician SAR users. The goal of
this process was to develop user- and behavior change technique
(BCT)-informed email content for a study testing variants of
the email [8]. Using BCT classification systems helps to build
evidence about which behavior change intervention components
work and under what conditions [9].

Methods

Design and Setting
We conducted cocreation workshops and focus groups with
family physicians in Toronto and Kingston, Ontario, Canada
between January and April 2017. Final email products were
tested in a 2×2×2 factorial experiment with Ontario physicians
registered for the SAR [8].

Email Development Process
We used an iterative process to develop user-informed email
content that operationalizes 3 BCTs. Textbox 1 illustrates the
steps involved in our email content development process.
Throughout the process, we engaged relevant decision makers
at Cancer Care Ontario to review content and provide feedback
to ensure that the final products would be implementable.
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Textbox 1. Email content development process.

Step 1. Interdisciplinary research team selects behavior change techniques (BCTs) and develops draft content.

• Reviewed existing literature on behavior change among physicians [10].

• Identified potential BCTs from Michie et al’s BCT taxonomy (v1) [11].

• Held a team creative writing session to develop sample messages inspired by the examples on Michie et al’s BCT taxonomy [11].

Outcome: Sample messages that operationalized BCTs to bring to cocreation workshops for critique, refinement, or replacement by participants.

Step 2. Recruit users.

• Used a combination of purposive [12] and convenience sampling [13] to recruit adopter and nonadopters for cocreation workshops and focus
groups.

• Adopter = physician user who had logged in to the SAR more than once within the 12 months prior to our recruitment period.

• Nonadopter = physician users who had not logged in to the SAR within those 12 months.

• Definitions were developed in collaboration with Cancer Care Ontario. Cancer screening for any given patient does not need to happen
more than once per year; therefore, it is reasonable to check who is overdue annually. However, it is ideal to do so more often to minimize
how far overdue a patient would be and to identify patients that require follow-up to an abnormal result. Additionally, many physicians
access the SAR once a year to calculate their cancer screening rates for their application to earn an annual Preventive Care Bonus.

• Participants were offered a Can $200 gift card in appreciation of their time and effort.

Outcome: Nine adopter participants for cocreation workshops. Eleven participants (adopter and nonadopter) for focus groups. No participant took
part in more than one cocreation workshop or focus group.

Step 3. Conduct cocreation workshops with adopters.

• Adapted interview guides for workshops from a planning and design tool for codesign workshops [14].

• Held one 2-hour workshop with adopter participants in Toronto, Ontario. Participants provided feedback on BCT-informed messages developed
by the research team in step 1 and produced emails with content that they thought would convince their nonuser counterparts to log in to the
SAR.

• Audio-recorded workshops and created detailed notes of reactions to content. Research team met to review adopter-generated content and
considered the valence (positive or negative) of reactions to each BCT-informed message developed during step 1, the evidence of effectiveness
of each BCT, and the potential risks of using messages given any negative reactions.

• Research team developed 2 emails that combined user-generated content and researcher-developed BCT-informed messages to bring to the
second workshop.

• Held one 2-hour workshop with adopter participants in Kingston, Ontario. Participants provided feedback on both emails and refined as needed.

• Research team met to review detailed notes from audio recordings, analyze content for underlying BCTs, and review the valence of reactions.

Outcome: Adopter-generated content and feedback to sample messages.

Step 4. Pretest content with adopters and nonadopters.

• Held three 2-hour focus groups in Toronto and Kingston, Ontario with different adopter and nonadopter participants in each.

• Sent emails that were developed and refined by adopters and the research team in step 3 to participants. Participants viewed emails on their
personal cell phone during the focus group. Participants provided reactions and refined content as needed.

• Following each session, the research team met to review detailed notes from audio recordings and discuss user-generated content and participant
feedback including verbal reactions to the materials and recommendations for content changes. Considerations for content changes included
scientific evidence of effectiveness for each BCT, strength and frequency of the reaction (eg, severity of sentiment such as strong distaste or
strong liking, number of participants that shared similar reactions), and feasibility of implementing the recommendation.

Outcome: Adopter-generated content and feedback to emails produced in step 3.

Step 5. Finalize products (emails) for testing.

• Developed 8 different email versions using the user-generated and BCT-informed content that was refined and finalized by the end of step 4.

• Variants of email differed by the number of BCTs operationalized, resulting in different word counts and length.

Outcome: Eight email variants for testing 3 BCTs in a 2×2×2 factorial randomized experiment [8].
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Results

Participants
Although we made an effort to recruit adopters for cocreation
workshops and nonadopter participants for focus groups,
challenges with recruitment required us to be open to the
inclusion of adopter participants in the focus groups. Table 1
and Table 2 show the participant characteristics for cocreation
workshops and focus groups.

Behavior Change Techniques
The full list of BCTs that were initially selected by the research
team and considered throughout the project can be found in
Multimedia Appendix 1.

The 3 BCTs to be tested as part of the 2×2×2 factorial
randomized experiment include the following: anticipated regret,
material incentive (behavior), and problem solving. The final
operationalizations of each BCT can be found in Multimedia
Appendix 2. The final email with all 3 BCTs can be found in
the Multimedia Appendix 3.

Key Tensions and Resulting Changes to Email Content
Over the course of the email development process, we used 3
main sources of input to inform decisions about content,

including scientific literature, SAR users, and Cancer Care
Ontario communication policies. Tensions arose when these
sources of input conflicted with each other.

Conflict Between User Preferences and Scientific
Evidence
Given the evidence that physicians’ decisions are influenced
by the desire to minimize regret associated with a potentially
wrong decision [15-17], we developed anticipated regret content
and rendered it in the form of a reflective question. At first, we
considered missing an abnormal result to be the outcome of
regret (ie, “How would you feel if you missed an abnormal
result?”). However, after discussion with adopters, we refined
the anticipated regret content to more explicitly focus on the
effect of missing an abnormal test result on patient outcomes
(ie, “How would you feel if a patient had a poor outcome
because you missed an abnormal test result?”).

Tensions emerged when users’ reactions conflicted with
evidence about the effectiveness of the anticipated regret. Focus
group participants expressed feelings of guilt and anger when
they read the message and indicated that they did not want to
have an emotional response when reading an email. Focus group
participants described the anticipated regret content as
“confrontational,” “combative,” and “not a nice way of starting.”

Table 1. Participant characteristics for cocreation workshops.

Cocreation workshop #2 in Kingston,
Ontario (n=2)

Cocreation workshop #1 in Toronto,
Ontario (n=7)

All cocreation workshops (n=9)Characteristic

Gender, n

112Male

167Female

Type of user, n

279Adopter

000Nonadopter

Years practicing family medicine

12-303-323-32Range

211315Average number of years

Table 2. Participant characteristics for focus groups.

Focus group #3 in Toronto,
Ontario (n=5)

Focus group #2 in Kingston,
Ontario (n=3)

Focus group #1 in Toronto,
Ontario (n=3)

Total for all focus
groups (n=11)

Characteristic

Gender, n

3126Male

2215Female

Type of user, n

2014Adopter

3327Nonadopter

Years practicing family medicine

5-3218-304-274-32Range

19241920Average number of years
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One participant restated this message as:

How would you feel if you were a murderer? How
would you feel if you screwed up? [SAR Non adopter
P019]

Further, participants articulated that the content implied that
they were not doing their job well. For example, one participant
stated:

You know it happens, but you don’t have to sort of
start off a positive report that says “we would really
like...we think this report is really encouraging you
to use it, it can help you with A, B, and C, but you
know what really if you missed a test result you’re
shitty, you’re really lousy, you’re going to be sued,
so use this tool.”...that’s just so condescending,
negative on...you know the stress in our life is already
there, we don’t need to be told that we feel bad when
things go bad. [SAR Non adopter P016]

Exploration of reactions in focus groups revealed that the
content, though evoking negative emotions, motivated several
participants to read the email further; for example, one
participant said:

I would read more but I would be pissed off. [SAR
Non adopter P017]

Another participant acknowledged that the guilt was motivating,
aligning with evidence behind the BCT:

I think the first line is good, how would you feel if
patient had a poor outcome because you missed an
abnormal test result? I think that’s every doctor’s
fear because we go through so many results and we’re
making decisions very quickly and it is possible to
miss test results, which everybody’s done. And
sometimes you get lucky and it’s not a big deal, and
sometimes you don’t and you feel horrible about it
so I think the guilt thing in there is good, and it’s
motivating. [SAR Non adopter P011]

Thus, although we recognized that too much fear can result in
physicians avoiding the desired behavior (ie, logging in to the
SAR), we believed that these strong negative reactions had the
potential to engage recipients and maintain their attention,
something that the previous SAR email was seemingly unable
to do. We tried to avoid a judgmental tone that would evoke
anger and to emphasize in the content that followed the
anticipated regret message that logging in to the SAR could
mitigate feelings of fear and anxiety about missing critical
cancer screening results.

Participants also had negative reactions to the embedded
problem-solving strategies for making time to access the SAR.
The problem-solving BCT requires analysis of factors
influencing the behavior and selecting strategies that overcome
barriers or increase facilitators [11]. Our problem-solving
strategies for improved SAR use were informed directly by
adopters’ real-world experiences, which included assigning a
delegate to access the SAR on their behalf to overcome time
pressures. One adopter described why nonadopters such as her
colleagues need problem-solving strategies:

Because it dumbs [accessing the SAR] down, it makes
it a stepwise option for them to do. It’s perfect. It’s
perfect. That’s what they need. They just need
someone to take them by the hand and say, ‘Brian,
print this out and give it to Dale and she will book
you 15 minutes.’ They can’t find 15 minutes in their
life to do this so this is a recipe for following through.
It’s really good. I like it a lot. [SAR Adopter P008]

Nevertheless, several focus group participants expressed that
they would not use these strategies, often stating that resource
and time constraints prevented them from employing them in
their practice. In some cases, participants disliked the strategies
proposed because they felt that they were unnecessary; for
example, one participant said that if they are going to do any
clicking, they might as well click into the SAR rather than click
into their calendar to make a reminder about logging into the
SAR. Moreover, focus group participants described this strategy
to book time in their calendar as “patronizing,” “trivial,” and
“petty.” For example, one participant stated:

I think some of the tips are unnecessary. Like, book
some calendar time. I know I can do that. I know it’s
one of those things everyone should fit in their
schedule; however, they can’t. So telling me to put it
in your calendar, I’m a grown up. [SAR Non adopter
P018]

Though our goal was to provide strategies that helped users
overcome time and workload challenges, participants often
wanted to eliminate the BCT-informed content and
recommended that we “just get to the bottom line- log in to the
SAR.”

Privacy Constraints Around Personalizing Unencrypted
Emails With Performance Data
One significant source of tension occurred when organizational
privacy constraints restricted our ability to respond to some
content and design changes offered by participants, especially
in the case of personalizing content using individualized
performance data and embedded performance comparator data.

When prompted with the following message “10,000 women
in Ontario need follow-up to an abnormal pap test; is one of
them yours?,” focus group participants wanted the statement to
be more personal and reflect the number of their patients that
require follow-up:

Send me an email saying I got 7 abnormal and give
me a link to log in. You don’t have to give me patient
demographics and names or whatever. Or you can
say, ‘we’ve identified patients based on whatever you
know, please log in to this to get your confidential
list’...you’re sending out an email that you want us
to sort of attract physicians, you want to sort of catch
them, you want to say. ‘Hey listen, we’ve identified
all these abnormal results, they’ve been sitting here
in our whatever database.’…notify me that I have 8
patients, that I guarantee you would motivate me to
open up and then follow-up but... [SAR Non adopter
P019]
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Yeah, the fact that I got an abnormal it’s helpful for
me to know. You’re helping me because you’re
actually letting me know that there’s some abnormals
you want to make sure that I am aware of them and
you want to make sure it’s like you feel as if your part
of a team, ‘Hey we’re sending you this as a reminder
that you have some abnormals.’ You sort of feel like
it’s not the stick, and the carrot is that you’re actually
improving on patient care. [SAR Non adopter P017]

Though participants wanted varying degrees of personalized
data (eg, Ontario rates vs individualized follow-up rates), it was
clear that personalized data regarding the number of their own
patients that required follow-up resonated with participants and
had the potential to prompt SAR access.

In addition to personalized data, participants expressed a desire
to have performance comparator data. Adopters described
performance comparator information as “definitely the most
unique thing” about the SAR in comparison to other tools used
to monitor cancer screening in their practice, such as electronic
medical records. One adopter expressed feeling comfort in
numbers:

Because you have no sense of [how] the rest of the
family physicians in Ontario are functioning...you
really do function in a bubble. [SAR Adopter P008]

Similarly, focus group participants found this benefit of the
SAR “very interesting” and noted that it sparked curiosity. One
participant stated that they were interested in the comparison
data from both a medical and legal standpoint:

...I am interested in that if I have a glaring difference
from other practices, I want to know that from both
a medical and a legal point of view. [SAR Non
adopter P013]

Although most focus group participants agreed that comparison
information was useful, they also reported that the content used
to communicate this feature of the SAR was not as compelling
as it could be. One participant suggested that the comparator
data would be a strong motivator to use the SAR:

If the data was planted right in the email. Like, this
is you, this is people in the LHIN, and this is people
in Ontario. [SAR Non adopter P012]

Furthermore, focus group participants thought an image
displaying their performance data would motivate them to log
in to the SAR, especially if the image showed that they were
underperforming in comparison to their peers:

If there was an image there that I had a gauge of
where I was so if I fell below the benchmark I’d
probably feel pretty bad about it and I’d want to
increase it. [SAR Non adopter P012]

Our research team consulted the Cancer Care Ontario privacy
team to understand which data level we could report in the email
(eg, Ontario vs individual) and whether we could embed
performance data in the content of the email. Performance data
are considered personal information, and an error in sending
could result in the disclosure of personal information of a
physician to an unintended recipient. Given this potential privacy

breach, Cancer Care Ontario refrains from sharing any personal
information in emails. Thus, content with personal data was not
an option. However, reporting aggregate data at the Ontario,
regional, or Local Health Integration Network (LHIN)-level
was deemed appropriate because it could not be traced back to
the performance of an individual physician. Our team decided
that LHIN-level data would be the most compelling solution
because it was the smallest unit of aggregate data that we could
report. We attempted to make the concept about comparison
data more salient by associating the use of the SAR for
comparison data with social norms: “Thousands of Ontario
family doctors access the SAR to compare their screening rates
to other family doctors in Ontario and their region.”

Cocreation Methods Versus Study Objectives
Our research team has extensive knowledge of behavior change
theory and its application; however, at the beginning of this
study, we had limited understanding of users’ experience with
the SAR and what email content would compel physicians to
access the SAR. Accordingly, the research team made great
efforts to create conditions for meaningful and substantial user
participation in the development of emails. Adopter-generated
emails developed during the first workshop yielded descriptions
of the SAR and meaningful content about its benefits based on
user experiences. However, most content did not explicitly align
with a BCT and content that did was often limited to the material
incentives BCT; for example, each adopter-generated email
referenced how the SAR helps to track or achieve specified
levels of preventive care needed to earn their annual Preventive
Care Bonus. Moreover, participants often cited comparator
information as a major benefit of the SAR, but we could not
identify a BCT that accurately reflected this benefit. The
research team encountered tensions around the desire to be true
to cocreation methods that prioritize user-generated content and
the need to accomplish the study objectives of defining,
operationalizing, and testing distinct BCTs.

To address this tension, we used user-generated emails from
the first workshop with adopters to act as a starting point for
email design and made distinctions between “base content” and
“variable content.” Base content was user-generated content
that was iteratively refined throughout the process and would
remain constant in all emails tested in the experiment; for
example, content about how the SAR provides information
about patients that have abnormal results and require follow-up
was well-received by users and was considered critical
information by the research team for all emails to be tested.
Variable content, on the other hand, was user-informed BCT
content that was created by the research team, focus-tested
among participants, and tested in the factorial randomized
experiment.

Iterative content development began with an open-ended
cocreative exploration of effective communication about the
SAR. During this stage, adopters played a significant role in
generating content, especially non-BCT-informed content.
However, as the content evolved, study and organizational
constraints were sometimes in conflict with user feedback in
our quest to have distinct and defined BCTs for testing within
an applied setting. These constraints often took precedence,
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transitioning the role of the participants from content generators
to content informants as the project progressed. Further, the
role of the research team moved from translators of user ideas
and experiences to decision makers, ultimately, as illustrated
in the tensions above. This transition of roles was necessary to
accomplish the study’s objectives of testing clearly
operationalized BCTs.

Discussion

Principal Findings
This study involved the practical application of scientific
evidence and methods to the development of emails to promote
the use of an audit and feedback tool. We encountered 3 tensions
that may be relevant for others who are considering cocreation
methods to develop similar communication interventions.

The conflict between users’ preferences and the broader
scientific evidence regarding the potential effectiveness of a
BCT highlights that what people seem to prefer and what works
are not always the same. BCTs previously shown to be effective
may not always elicit positive responses during cocreation or
user testing. This tension is not unique to physician users
because it also occurred in previous work with patient users
relating to the development of mailings for people recovering
from acute coronary syndrome [18]. Although users may be
“experts of their experience” [19], they are not always experts
in how to promote behavior change in themselves or in others
[18]. It is necessary for researchers to be thoughtful when
making design decisions because it may or may not be
appropriate to make decisions solely based on whether user
reactions to evidence-based content were positive or negative.
It is the role of the researchers and designers to balance user
feedback with the broader available evidence and explore the
root cause of user reactions during data collection to make
purposeful and informed design decisions.

Organizational constraints, including privacy policies, are a
reality of health systems, which may limit the inclusion of
personal performance data. Though users frequently
recommended embedding personal performance data in the
email, which was a finding consistent with best practices in
audit and feedback design [20], privacy regulations did not
permit our team to include such data in this setting. This created
a situation in which users clearly indicated what they believed
would help them and yet, we were unable to implement their
suggestions.

Interestingly, the inclusion of individualized performance data
may have expanded the scope of the email from an email
intended to drive access to (and use of) an audit and feedback
tool to an email that could actually be characterized as an audit
and feedback intervention itself. There may be an opportunity
in a different context with less stringent privacy regulations to
provide some data, but not all data, to effectively bait the user
to access the audit and feedback tool; for example, the email
may present an overview of what kind of data the user could
have access to if they were to use the tool. This may be more
effective for communications with individuals who are
underperformers rather than strong performers because

participants noted that data indicating underperformance would
motivate action, and research has shown that feedback is most
effective when baseline performance is low [21]. However,
because we were not able to test this, we do not know if this
strategy would, in fact, be effective at driving access to the SAR
or other audit and feedback tools.

Cocreation challenges may have occurred throughout this study
because our objective of developing an email with multiple
BCTs required substantial knowledge of BCTs. Adopters were
able to generate concepts and non-BCT-informed content in the
early stages of the research, but their ability to participate in the
cocreation of a product with defined research variables such as
BCTs was, not surprisingly, limited thereafter. This tension
between design goals to develop the best product, service, or
tool for a given context and scientific goals to identify or test
generalizable concepts or theory has been noted in other contexts
[22]. Cocreation methods that invite users to engage in problem
solving may be most appropriate in implementation research
when the study (and design) objectives are flexible, fluid, and
potentially user-driven; for example, cocreation methods may
be helpful when engaging users to provide input on the design
and functionality of products, such as an educational application
aimed at improving knowledge of clinical skills among nursing
students [23] or a complex health information system [24].
However, researchers and design teams are likely to face
challenges using cocreation methods when products require the
application of specific scientific knowledge and should consider
the dynamic and changing role of the users from content
generators to content informants as the product, service, or tool
develops.

Limitations
There are several limitations to this study. First, although we
started with purposive sampling, we eventually turned to
convenience sampling to recruit physicians from Toronto and
Kingston. Convenience sampling could potentially contribute
to selection bias and failure to recruit physicians with diverse
views on how to communicate to physicians about accessing
an audit and feedback tool. Furthermore, we did not purposively
recruit based on adherence to cancer screening guidelines. Future
research with this target audience may consider recruiting based
on performance level to understand if reactions to BCT-informed
content differ between high performers, average performers,
and underperformers. Second, our findings occurred during the
development of email communications about a specific audit
and feedback tool created to help physicians monitor the cancer
screening status of their rostered patients. These findings may
or may not apply to the development of products on different
communication channels, to the development of products that
deal with a different audit and feedback tool, or to a different
audience such as specialists rather than family physicians; for
example, it may be possible that physicians could spontaneously
generate BCT-informed content or products in other contexts.
Third, the analysis of the 2×2×2 factorial experiment is currently
underway, and we do not yet know the impact of the
interventions developed.
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Conclusions
As audit and feedback tools proliferate across health care
systems, there will be an increasing need for effective
communications that promote the access and use of such tools.
Teams within organizations that are tasked with developing
content might consider cocreation methods because they allow
for the development of communications that are both user- and
BCT-informed. This paper describes a repeatable series of steps
that teams could use when pursuing design of implementation
interventions, beginning with engaging users to understand what

kind of content is compelling to them. Users provide honest
feedback about what goes through their mind when they read
the content and can provide thoughtful suggestions to inspire
developers. However, teams working with users may need to
consider whether and how they should balance user feedback
with scientific evidence, organizational constraints, and study
objectives. Thus, the role of users in decision making and that
of BCTs along with the implementation context should all be
considered during planning to determine whether cocreation
methods would be appropriate to accomplish design objectives.
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Abstract

Background: Health apps and Web-based interventions designed for patients with diabetes offer novel and scalable approaches
to engage patients and improve outcomes. However, careful attention to the design and usability of these apps and Web-based
interventions is essential to reduce the barriers to engagement and maximize use.

Objective: The aim of this study was to apply design sprint methodology paired with mixed-methods, task-based usability
testing to design and evaluate an innovative, patient-facing diabetes dashboard embedded in an existing patient portal and integrated
into an electronic health record.

Methods: We applied a 5-day design sprint methodology developed by Google Ventures (Alphabet Inc, Mountain View, CA)
to create our initial dashboard prototype. We identified recommended strategies from the literature for using patient-facing
technologies to enhance patient activation and designed a dashboard functionality to match each strategy. We then conducted a
mixed-methods, task-based usability assessment of dashboard prototypes with individual patients. Measures included validated
metrics of task performance on 5 common and standardized tasks, semistructured interviews, and a validated usability satisfaction
questionnaire. After each round of usability testing, we revised the dashboard prototype in response to usability findings before
the next round of testing until the majority of participants successfully completed tasks, expressed high satisfaction, and identified
no new usability concerns (ie, stop criterion was met).

Results: The sample (N=14) comprised 5 patients in round 1, 3 patients in round 2, and 6 patients in round 3, at which point
we reached our stop criterion. The participants’ mean age was 63 years (range 45-78 years), 57% (8/14) were female, and 50%
(7/14) were white. Our design sprint yielded an initial patient-facing diabetes dashboard prototype that displayed and summarized
5 measures of patients’ diabetes health status (eg, hemoglobin A1c). The dashboard used graphics to visualize and summarize
health data and reinforce understanding, incorporated motivational strategies (eg, social comparisons and gamification), and
provided educational resources and secure-messaging capability. More than 80% of participants were able to successfully complete
all 5 tasks using the final prototype. Interviews revealed usability concerns with design, the efficiency of use, and content and
terminology, which led to improvements. Overall satisfaction (0=worst and 7=best) improved from the initial to the final prototype
(mean 5.8, SD 0.4 vs mean 6.7, SD 0.5).
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Conclusions: Our results demonstrate the utility of the design sprint methodology paired with mixed-methods, task-based
usability testing to efficiently and effectively design a patient-facing, Web-based diabetes dashboard that is satisfying for patients
to use.

(JMIR Hum Factors 2018;5(3):e26)   doi:10.2196/humanfactors.9569

KEYWORDS

diabetes mellitus, type 2; patient portals; qualitative research; consumer health informatics

Introduction

Background
Diabetes is a leading cause of kidney failure, heart disease,
stroke, visual impairment, and nontraumatic lower limb
amputations [1]. Many of these complications can be delayed
or prevented through disease control. Research demonstrates
that diabetes self-monitoring, preventative health services,
medication adherence, regular exercise, and attention to diet
can lead to improved outcomes [2,3]. Despite their importance,
few patients consistently receive all recommended services or
engage in recommended self-care behaviors that can be
challenging to implement and sustain [4,5]. Many patients with
diabetes struggle with the knowledge and motivation necessary
to successfully manage their disease [6].

Interventions aimed at enhancing patients’ motivation, skills,
knowledge, and confidence in diabetes self-care have had limited
success, with many relying on face-to-face interactions that are
costly and challenging to scale [7,8]. Web-based diabetes
self-management interventions have the potential to overcome
these limitations; however, these interventions have also
demonstrated variable effects on patients’self-care and glycemic
control [9,10]. Mixed results have been attributed to differences
in the design and usability of these Web-based interventions,
leading to varying degrees of user engagement [10,11].
Web-based interventions with greater user engagement are
associated with better outcomes [12,13]. However, some
Web-based interventions have not involved end users in the
design process [14,15], and many have failed to include one or
more recommended features for increasing patient engagement,
including (1) ability to track, visualize, and summarize health
data; (2) guidance in response to the data displayed; (3) ability
to communicate with health care providers; (4) peer support;
and (5) motivational challenges using elements of game design
and competition [11,16].

Human-centered design is an approach to software development
that emphasizes optimal user experience by integrating users
directly into the design process and helps ensure the creation
of a suitable user interface [17,18]. One human-centered design
method, called design sprint, is a rapid 5-phase user-centered
process that utilizes design principles to understand the problem,
explore creative solutions, identify and map the best ideas,
prototype, and ultimately test [17,18]. Usability testing ensures
that Web-based interventions meet users’expectations and work
as intended, such that users are able to efficiently and effectively
interact with the website [11]. Although usability testing is
sometimes performed once the Web-based intervention has been
fully developed, incorporating usability testing into the design

process beginning with the earliest prototype provides the
greatest opportunity to inform and improve the user interface
design [17,18].

Objectives
This paper describes the application of design sprint
methodology paired with mixed-methods, task-based usability
testing to design and evaluate an innovative, patient-facing
diabetes dashboard embedded in an existing patient portal, My
Health at Vanderbilt (MHAV) [19] and integrated into an
electronic health record. In particular, we sought to design a
dashboard that addresses the needs of users, allows users to
easily comprehend their diabetes health data, incorporates
recommended strategies for increasing user engagement, and
is satisfying and easy to use.

Methods

Dashboard Design
We utilized a 5-day design sprint methodology [17,18]
developed by Google Ventures (Alphabet Inc, Mountain View,
CA) to design our initial dashboard prototype. The process was
facilitated by an experienced health information technology
expert (ALT) who specializes in user experience (UX) and
product design. A 5-day design sprint approach was chosen
over other iterative agile methodologies because a design sprint
approach offered the ability to rapidly develop a user-centered
solution in the form of a prototype that could be tested and
revised before investing limited research funds into the
programming of the dashboard.

On day 1, we began by mapping out our challenge (Figure 1)
to create a dashboard that would satisfy patients’ desire for
information regarding their diabetes health status and address
existing challenges in patients’ diabetes knowledge and
motivation for diabetes self-management [5,20]. This process
was informed by a review of the literature [14,21-30] from
which we identified factors contributing to the limited efficacy
of existing digital interventions, including (1) absence of
user-centered design [14], (2) lack of integration with the health
care delivery system [22,28], (3) absence of key features to
maximize patient engagement, including patient-centered
motivational strategies [29], and (4) failure to account for the
unique needs of older patients and those with limited health
literacy [30-32]. In addition, we reviewed recommended
strategies to increase patient activation [6,33] (ie, the motivation,
knowledge, skills, and confidence for managing one’s health
condition) using mobile apps [16] and prior research on the
potential role of social comparison information for motivating
diabetes self-care [27,34].
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Figure 1. Whiteboard image mapping out challenge to create a patient-facing, diabetes dashboard.

We also met one-on-one with expert stakeholders (eg, patient
portal users with diabetes, diabetes educators, behavioral
scientists, physicians, educators, and nurses) to ask questions
aimed at enhancing our understanding of the challenge and
refine our map. We identified expert stakeholders by
approaching organizational leaders with a description of the
project and by asking them to identify individuals in their area
who could provide valuable input. For example, we approached
the director of the Vanderbilt University Hospital Patient and
Family Advisory Council who connected us with patients from
the Council, who had diabetes, were current patient portal users,
and expressed interest in improving care for people with
diabetes. Experts’ comments were recorded in the form of how
might we (HMW) statements [17,18]. The HMW method is
used in design thinking to take insights and challenges and
reframe them as opportunities [17,18]. Consistent with design
sprint methodology, experts’ HMW statements were reviewed
(Figure 2) to identify statements that shared a common theme.
This was followed by grouping the statements into categories
based on emerging themes to identify the most useful ideas for
building the prototype. Experts encouraged the authors to
consider how we might design the dashboard to (1) maximize
accessibility, (2) frame diabetes health data in ways that promote
patients’ understanding and motivate health behaviors, (3)
facilitate patient action in response to the data they see (eg,
patient resources and referral services), (4) enable
communication with their health care team, (5) enhance social
supports, and (6) incorporate strategies (eg, goal setting, progress
tracking, and positive reinforcement) that motivate health
behavior and keep users engaged.

On day 2, the existing ideas, architecture, and designs from
health care and other industries related to the challenge were
reviewed to establish the building blocks of our prototype. For
example, existing solutions for displaying health and
performance data and other types of quantitative, longitudinal,
and benchmarked data from other industries (eg, finance and

education) were reviewed. Subsequently, findings from the
review and the meetings with expert stakeholders were used to
sketch our own solutions (Figure 3).

On day 3, the solutions were critiqued and the solutions that
had the greatest potential to successfully meet the challenge in
the long term were decided by consensus. Following this, the
authors adapted the solutions chosen to create a storyboard or
step-by-step plan for the prototype (Figure 4).

On day 4, the authors developed the prototype using Apple
Keynote (Apple Inc, Cupertino, CA) [35]. They collected assets
(eg, stock imagery or icons) and stitched all components of the
prototype together. Keynote slides (ie, screens) were tethered
together using the animate feature to transition from one slide
(ie, screen) to the next based on the action the user performs
within the prototype. This resulted in an initial prototype (Figure
5) that functioned similar to a real webpage and was ready for
the first round of usability testing on day 5. The initial prototype
displayed and summarized 5 measures of patients’ diabetes
health status (ie, hemoglobin A1c [HbA1c], systolic blood
pressure, low-density lipoprotein cholesterol, microalbumin,
and flu vaccination status). The existing literature on patient’s
information needs when interpreting test results and strategies
for improving comprehension was reviewed [36-38]. In addition,
the authors identified recommended strategies for using
patient-facing technologies to increase patient activation and
incorporated dashboard functionality that matched each strategy.
For example, for each measure, the dashboard used graphics to
visualize and summarize health data and reinforce understanding
with a color-coded system (red, yellow, and green) similar to
the National Heart, Lung, and Blood Institute’s asthma treatment
guideline [39] to indicate when action is needed. To facilitate
understanding, we paired each measure with hyperlinks to
literacy level–appropriate educational materials. To help
motivate patients, the dashboard provided patients with social
and goal-based comparison information regarding their diabetes
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health status [27,34]. In addition, using elements of game design,
a star rating provided patients with feedback on the number of
measures at goal. To facilitate communication with their health
care team, patients could click a link to contact their doctor’s
office via a secure message. Reminders for self-care (eg, take
medication, exercise, etc) could be set and delivered to patients’
mobile phones or email, and diabetes self-care goals could be
set and tracked.

Usability Study Design
From September to October 2016, we conducted a
mixed-methods, task-based usability study of dashboard

prototypes with individual patients under controlled conditions.
Patients were recruited from the Vanderbilt Adult Primary Care
(VAPC) clinic. Individual usability sessions lasted between 30
and 75 min. Given that the majority of usability problems are
commonly identified within the first 5 usability evaluations
[40-42], each round of usability testing included between 3 and
6 participants. After each round of usability testing, the
dashboard prototype was revised in response to usability
findings before the next round of testing.

Figure 2. Design sprint day 1—expert comments/ideas organized into categories.

JMIR Hum Factors 2018 | vol. 5 | iss. 3 |e26 | p.63http://humanfactors.jmir.org/2018/3/e26/
(page number not for citation purposes)

Martinez et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 3. Design sprint day 2—solution sketches.

Figure 4. Design sprint day 3—dashboard storyboard.
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Figure 5. Design sprint day 4—screenshot of initial dashboard prototype. A1c: hemoglobin A1c.

Setting
The VAPC clinic is located within the Vanderbilt University
Medical Center (VUMC) in Nashville, TN. The clinic cares for
about 25,000 unique patients annually, of which about 4500
(18.00%) have diabetes. All clinical data are entered into an
electronic health record, and the patients are provided access
to their clinical data via a Web portal.

Participants and Recruitment
Participants were eligible for the study if they had type 2
diabetes mellitus, were English-speaking, were aged 21 years
or older, and were current users of the VUMC patient Web
portal, MHAV. Potential participants were identified
automatically using VUMC’s Subject Locator to query the
electronic health records of patients with upcoming clinic
appointments for discrete inclusion and exclusion criteria.
Identified patients (n=334) were mailed a letter describing the
study and asked to contact the investigators if they were
interested in participating. Interested patients (n=22) contacted
the research coordinator to learn more about the study and
confirm eligibility. Patients who agreed to participate (n=17)
were scheduled to participate in a usability session on the day
of their clinic appointment. Overall, 3 patients canceled due to
weather or a conflicting appointment. A total of 14 patients
ultimately completed a usability session and provided written
informed consent before participating in their session. The
Vanderbilt University Institutional Review Board approved this
research.

Data Collection and Measures
Before the usability testing session, enrolled patients were asked
to complete a short questionnaire before their interview. The
questionnaire included basic demographic questions, including
items about computer and smartphone usage and internet access,
as well as validated measures of health literacy [43] and
numeracy [44]. In addition, data regarding comorbidities were
extracted from participants’ medical record as reported by the
physicians within the patients’ problem list.

Each participant received a standardized introduction to the
dashboard and the think-aloud procedure that allows testing
observers to understand and track a participant’s thought
processes as they navigate the dashboard [45]. One of the
authors (ALT) led each session using a semistructured interview
guide, while another author (WM) observed and took notes.
With a dashboard prototype that contained fictitious patient
data, participants were asked to perform common standardized
tasks including logging in, retrieving HbA1c data, messaging
their doctor, setting a reminder, and setting a goal. The tasks
were designed to represent what typical users might do when
visiting their dashboard. All participants accessed and navigated
the dashboard using a 15-inch MacBook Pro 11,3 (2014
generation) with an external mouse and Chrome Web browser
with default resolution. In addition, after participants attempted
each assigned task (eg, message your doctor), the interviewers
used open-ended questions outlined in the interview guide to
elicit participants’ (1) expectations for the feature’s
functionality, (2) ability to comprehend the information
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displayed, (3) ability to navigate to and from the feature, (4)
satisfaction with the feature, and (5) how the feature might be
improved. Each session was audio-recorded, and the computer
screen was video-recorded using QuickTime Player (Apple Inc,
Cupertino, CA).

To assess and quantify participant satisfaction with the
dashboard, at the conclusion of their usability session,
participants completed 12 items from the Computer System
Usability Questionnaire (CSUQ), which assess participants’
perceptions of the dashboard’s ease of use, likability of the
interface, and overall satisfaction using a 7-point Likert response
scale (1=strongly disagree to 7=strongly agree), with 7 indicating
the highest possible satisfaction [46].

Data Analysis

Task Completion Analysis
Task completion was coded with a usability rating scale utilized
in prior studies [47-49]. Task completion was rated on a
5-category scale: (1) successful/straightforward, (2)
successful/prolonged, (3) partial, (4) unsuccessful/prolonged,
and (5) gave up [47]. Two coders first coded the same usability
session video (not used in the analysis) to calibrate their coding.
They subsequently coded the remaining videos independently.
Disagreements were resolved by consensus, and both coders
were blinded to the dashboard prototype representing the initial
prototype and the prototypes that were revisions.

Interview Analysis
Audio files of interviews were submitted to a professional
transcription service, Rev.com Inc (San Francisco, CA).
Transcripts were checked for accuracy and identifying
information was removed. Deidentified transcripts were
imported into NVivo 10 (version 10; QSR International,
Burlington, VT) for coding and analysis. Similar to other health
app usability studies [47,50], we used selective coding to capture
participants’comments about usability concerns [51]. Participant
comments were sorted into categories that addressed 3 elements
of usability: design, efficiency of use, and content and
terminology [52]. A research assistant with training in qualitative
methods coded all interviews. After the initial coding, a second
trained coder reviewed each code and noted any discrepancies.
The 2 coders then met and resolved any differences by
consensus. Illustrative quotes from participants were edited
slightly for grammar and clarity for inclusion in this paper.
Participants’ comments informed revisions to the dashboard
prototype.

Statistical Analysis
Descriptive statistics were used to characterize the study
participants, task completion, and survey data. All analyses
were completed with SAS version 9.4 (SAS Institute, Inc, Cary,
NC).

Stop Criteria
Data analysis began after the initial round of testing, and the
authors used the findings to inform prototype revisions before
the subsequent round of testing. Additional rounds of testing
were conducted until the majority of participants within a round
of testing (1) were able to successfully complete all tasks, (2)

indicated high overall satisfaction with the dashboard as assessed
by the overall satisfaction item on the CSUQ (score≥6), and (3)
expressed no new usability concerns during the interview (ie,
saturation).

Results

Participants
Table 1 shows participant characteristics. The sample (N=14)
comprised 5 patients in round 1, 3 patients in round 2, and 6
patients in round 3; at this point, the authors reached their stop
criteria. Participants’ mean age was 63 years (range 45-78
years), 57% (8/14) were female, and 50% (7/14) were white.
All participants reported using a home computer, and 64% (9/14)
reported using a smartphone. All participants had home internet
access. Most participants had one or more comorbid diseases
in addition to diabetes.

Task-Based Usability
Figure 6 illustrates task performance among the 5 participants
in round 1 who tested the initial prototype compared with the
6 participants in round 3 who tested the final prototype.
Participants attempted 5 tasks that ranged in complexity from
logging in to setting a reminder.

Tasks: (A) Log-In and (B) Set a Goal
All participants in both rounds straightforwardly logged in to
the dashboard and set a goal.

Task: (C) Identify Most Recent Hemoglobin A 1c

Only one participant in the initial round of testing was able to
identify their most recent HbA1c value from the dashboard. Most
participants had difficulty interpreting the dial display, were
confused regarding which icon on the dial indicated the user’s
most current value, and could not comprehend the HbA1c data.
In response, the authors revised the data display design and
status indicator icons. They relocated the features aimed at
facilitating patients’understanding of their health data, including
a hover over info icon providing a nontechnical description of
the measure (eg, HbA1c) and links to literacy level–sensitive
educational materials so they were adjacent to the data (see
Figure 1 initial prototype and Figure 7 final prototype). After
revisions, all 6 participants in the final round were able to
complete the task and comprehend their data.

Task: (D) Message Doctor’s Office
All 5 participants in the initial round were able to message their
doctor’s office; however, 2 participants hesitated or
demonstrated some confusion despite completing the task.
Participants indicated that they were accustomed to using the
existing messaging icon within the header of the patient portal,
and some struggled to locate the messaging icon within the
dashboard. After revising the icon in response to feedback (ie,
larger text, adding color and a button icon), the majority of
participants in the final round successfully completed the task.
However, 3 participants continued to initially attempt messaging
via the existing icon in the header, one of whom completed the
task only after being directed to the correct button icon.
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Table 1. Participant characteristics.

Round 3 (N=6)Round 2 (N=3)Round 1 (N=5)Total (N=14)Characteristic

58.2 (9.9)75.7 (3.2)62.2 (10.3)63.4 (11.0)Age (years), mean (SD)

Age (years), n (%)

1 (16)0 (0)0 (0)1 (7)40-49

2 (33)0 (0)2 (40)4 (29)50-59

2 (33)0 (0)2 (40)4 (29)60-69

1 (16)3 (100)1 (20)5 (36)70-79

Gender, n (%)

5 (83)0 (0)3 (60)8 (57)Female

1 (17)3 (100)2 (40)6 (43)Male

Race, n (%)

3 (50)1 (33)3 (60)7 (50)White

1 (17)1 (33)1 (20)3 (21)African American

0 (0)1 (33)1 (20)2 (14)Asian

2 (33)0 (0)0 (0)2 (14)Other

Education, n (%)

0 (0)0 (0)1 (20)1 (7)High school degree / graduate
equivalency degree

2 (33)0 (0)1 (20)3 (21)Some college

2 (33)2 (67)1 (20)5 (36)College degree

2 (33)1 (33)2 (40)5 (36)Postgraduate degree

14.0 (13-15)12.7 (11-15)13.2 (12-15)13.4 (11-15)Health literacy, mean (rangea)

15.7 (10-18)17.0 (16-18)13.0 (7-18)15.0 (7-18)Numeracy, mean (rangeb)

6 (100)3 (100)5 (100)14 (100)Home computer userc, n (%)

4 (67)2 (67)3 (60)9 (64)Smartphone user, n (%)

6 (100)3 (100)5 (100)14 (100)Home internet access, n (%)

Comorbidities, n (%)

4 (67)3 (100)3 (60)10 (71)Hyperlipidemia

2 (33)1 (33)0 (0)3 (21)Atherosclerotic cardiovascular
disease

2 (33)3 (100)2 (40)7 (50)Hypertension

1 (17)1 (33)1 (20)3 (21)Chronic kidney disease

aPossible score range: 3 (worst) to 15 (best).
bPossible score range: 3 (worst) to 18 (best).
cIncludes desktops, laptops, or tablets.
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Figure 6. Task-based usability ratings for initial and final prototype iterations. The asterisk indicates that one participant within the final round of
testing was not asked to complete the task due to time constraints. HbA1c: hemoglobin A1c.
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Figure 7. Screenshot of final dashboard prototype. A1c: hemoglobin A1c.

Task: (E) Set a Reminder
Only 2 participants in round 1 were able to set a reminder on
the dashboard. Participants struggled to set the frequency of
recurrence and a stop date for reminders they wished to receive
only for a specified time. Subsequently, the authors revised the
layout of the “set reminder” pop up window to include a clear
start and stop date and time, as well as a drop-down menu to
set recurrences (eg, daily, weekly, etc). After revisions, 4 of 6
participants in round 3 were able to set a reminder, with one
additional participant successfully completing the task with
prolonged effort.

Participant Interviews
Table 2 shows the participants’ comments about usability
concerns grouped by usability area. Several revisions were made

in response to participants’ usability concerns, including
revisions to the display of patients’ health data and star status,
icons indicating the patient’s value and “patients like me” value,
standardizing educational links and adding diet information,
grouping and standardizing action items, enlarging the font size,
and providing a frequently asked questions page (see Figure 1
initial prototype and Figure 7 final prototype).

Satisfaction Survey
Table 3 reports mean scores for the CSUQ items among
participants in round 1 who tested the initial prototype compared
with participants in round 3 who tested the final prototype.
Participants who tested the initial prototype and those who tested
the final prototype rated the usability above average (ie, scores
>4 on a 7-point scale) for all 12 items. The mean score for all
12 items improved between the initial and final prototypes.
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Table 2. Participants’ concerns with dashboard usability.

Illustrative quoteUsability element and unique concern type

Design

It’s very clear to me but I would definitely want to enlarge the size of the font.Font size

I don’t know what [the indicator] is supposed to be. Still I want to figure it out. The person’s goal
would be about 6.2 and the actual would be 7.5. Is that correct?

Patient status indicator

That’s a reminder, oh! That’s a clock symbol. Gotcha. It could be clearer [laughs].Reminder functionality

Not clear that this [icon] is for individual. This [icon] is for group. Up to here [group icon], just add
one more figure so that will show more people.

Patients like me indicator

There’s a star over here, on this side, but does it indicate the same thing as the star rating over here?
By rating, is that telling me that I’m doing poor, good, with my goals?

Star rating

No I wouldn’t have known [I could hover over]. Once you clicked, then I realized.Hover over functionality

The end date [for the goal], you’re talking about the last day of your, I don’t get that. The end date
[for the goal]. Help me.

Goal setting functionality

Efficiency of use

I mean those two things [my medical concerns drop down menu] and the message subject [free text;
are the same].

Redundancy

Content and terminology

I’d actually like to see what my last three [HbA1c] were.Historical values

I don’t even know what [microalbumin] is. I’ve never heard of that.Medical jargon

If you could just do something about diet. I don’t see that on there anywhere. I mean, because that’s
like a big part of it, like what can I eat, what should I eat.

Diet information

You’re not going to be able to communicate with other patients and talk about the key things they do
for support. That might be something you would add.

Online community

Table 3. Computer system usability questionnaire survey items assessing the dashboard usability: initial versus final prototype.

Final prototype (n=6), mean (SD)Initial prototype (n=5), mean (SD)Item

6.3 (0.8)5.6 (1.1)Overall, I am satisfied with how easy it is to use this system.

6.3 (0.8)6.0 (0.8)It is simple to use this system.

6.5 (1.3)5.7 (1.3)I feel comfortable using this system.

6.5 (0.8)6.2 (0.8)It was easy to learn to use this system.

4.8 (1.2)5.6 (1.5)It is easy to find the information I need.

5.8 (1.2)5.4 (1.7)The information provided with the system is easy to understand.

6.5 (0.5)4.2 (2.2)The organization of information on the system screens is clear.

6.5 (0.5)5.4 (1.3)The interface of this system is pleasant.

6.5 (0.5)5.4 (1.1)I like using the interface of this system.

6.2 (0.8)6.0 (0.7)The system has all the functions and capabilities I expect it to have.

6.7 (0.5)5.8 (0.4)Overall, I am satisfied with this system.

6.5 (0.5)5.8 (1.3)The system is visually appealing.

Discussion

Principal Findings
Our study illustrates the use of design sprint methodology
alongside mixed-methods, task-based usability testing in the
design of a Web-based intervention for patients with diabetes.
By using this design approach, we were able to rapidly create
a prototype and rigorously assess task-based usability before

any programming. Task-based usability testing and qualitative
analysis of interviews with a small number of participants
quickly identified usability challenges that led to improvements
in successive iterations. Participant feedback informed changes
in the data display that led to improved comprehension of
diabetes health data. Participants’ usability satisfaction surveys
demonstrated a high level of satisfaction with the dashboard
that improved from initial to final prototype. The final prototype
incorporated recommended strategies to enhance patient

JMIR Hum Factors 2018 | vol. 5 | iss. 3 |e26 | p.70http://humanfactors.jmir.org/2018/3/e26/
(page number not for citation purposes)

Martinez et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


activation across the engagement spectrum, from providing
educational resources to promoting behavior change through
rewards (see Figure 8) [16].

Building Upon Prior Research
Several prior studies have reported the design and usability of
patient-facing health apps and Web-based interventions for
patients with diabetes [50,53-58]. Approaches to the design of
these health apps and Web-based interventions typically employ
some variation of user-centered design [56-59]. A significant
limitation of prior design approaches is the time and cost
involved with the rapidly evolving pace of technology [60,61].
This study is the first in our knowledge to report the design of
a digital health intervention using design sprint methodology
and demonstrate its utility in efficiently and effectively
designing a Web-based intervention that is satisfying to use.

By utilizing design sprint methodology, we were able to create
a viable initial prototype within 5 days. Given the rapidly
evolving technology and patient expectations of health
technology [60,62], efficient yet rigorous design methodology
is essential. We were able to enhance the scientific rigor of the
design sprint approach by using validated measures of usability
[46] and task-performance [47-49], as well as an established
qualitative methodology to analyze interviews and determine
saturation [51]. This approach allows usability concerns to be
identified before programming, potentially saving the researcher
both time and money. Consistent with the findings of Nielsen,

we found that the majority of usability problems were identified
in the first 5 usability evaluations, with diminishing returns after
the eighth evaluation [40-42]. While enrolling additional
participants in our study may have revealed additional usability
concerns, our sample was sufficient to establish a minimally
viable product (eg, final prototype) that allowed us to proceed
to program the dashboard with the reasonable confidence that
most usability issues were identified and addressed. As with
any app or website, ongoing attention to user feedback and
iterative improvements are likely to continue indefinitely as
technology and users evolve. Although some usability studies
employ a large number of participants, this is mostly done to
provide sufficient sample size for quantitative analyses, and
additional participants yield relatively few new usability
concerns [40-42]. In addition, our usability findings build upon
other recent studies of patient-facing diabetes health apps
[50,53,59]. Georgsson et al used a similar mixed-methods
approach to evaluate the usability of their mHealth system for
diabetes type 2 self-management [53]. Similar to this study,
their study included task-based testing with a think-aloud
protocol, semistructured interviews, and a questionnaire on
patients’ experiences using their system. Consistent with
Georgsson et al, we found a mixed-methods approach resulted
in a comprehensive understanding of usability. Our study
extends these findings by demonstrating the effectiveness of
this approach to objectively assess and track usability in
response to iterative revisions of a prototype in the design phase.

Figure 8. Recommended strategies for patient activation and paired dashboard functionality by level of patient engagement.The asterisk refers to the
engagement pyramid reported by Singh et al, 2016 [16]. HbA1c: hemoglobin A1c.
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Our study also has implications for the design of patient portals
and the display of patients’health data. By giving patients direct
access to their health data, patient portals can improve patient
engagement [63] and empower patients to actively participate
in their care [64]. However, research suggests that patients
struggle to understand health data communicated to them via
patient portals [65]. A recent study by Giardian et al suggests
that current patient portals do not display health data in a
patient-centered way, which can lead to misunderstandings and
patient distress [66]. In our study, patients had difficulty
comprehending HbA1c data in the dial display (Figure 1) that
improved with ruler display (Figure 7), demonstrating the
importance of user-centered design. Although the content was
relatively unchanged, we revised the display based on user
feedback, resulting in increased comprehension and improved
visibility of features aimed at facilitating patients’understanding
of their health data.

Limitations
This study has important limitations. We recruited a convenience
sample of patients from a single, large, urban academic medical
center that may limit the generalizability of our findings. Our
sample included patients who were more educated and had
greater computer and internet access than the overall population
of patients with diabetes [67,68]. For future studies, researchers
should consider purposive sampling to recruit patients with
specific characteristics. Given the known barriers to usability
among older patients [15], a strength of our sample was the
inclusion of a majority of patients over the age of 60 years that
allowed us to ensure the dashboard usability among this
demographic. In addition, although we were able to directly
observe individual users as they attempted several assigned
tasks using the dashboard, our data are subject to the Hawthorne
effect (ie, altered behavior due to an awareness of being
observed). Similarly, we did not collect data on how patients
would engage with the dashboard on their own. It would be

useful to collect actual-use data in future studies including the
level of engagement with specific dashboard functions over
time. Although we designed the dashboard with elements aimed
at increasing patient activation, this study focused on the design
and task-based usability of the dashboard and not on the
evaluation of its impact. Further research is needed to test the
efficacy of the dashboard on cognitive, behavioral, and clinical
outcomes including patient activation.

Researchers and others considering using design sprint
methodology should also consider some of the limitations of
the approach. Although a standard design sprint that unfolds
over 5 days is generally recommended [17,18], researchers may
wish to experiment with shorter, or more likely, longer sprints.
Design sprint methodology relies on understanding the user (ie,
the consumer and their needs), and in some instances, it may
be necessary to spend additional time before the design sprint
to understand the target user and their needs and challenges. In
our case, a literature review on the patients’ experiences with
portal use, challenges with diabetes self-management, and the
limitations of existing diabetes apps provided insights about
our target users. Design sprints also rely heavily on the ideas
generated from the solutions sketched by team members on day
2. Therefore, this phase of idea generation should not be
shortened and may, in fact, benefit from more time.

Conclusions
In conclusion, the results underscore the value of design sprint
methodology to efficiently create a viable user-centric prototype
of a Web-based intervention and the importance of
mixed-methods evaluation of usability as a part of the design
phase beginning with the initial prototype. Design sprints offer
an efficient way to define the problem, assess the needs of users,
iteratively generate ideas and develop a viable product for
testing, whereas usability evaluation methods ensure health
apps and Web-based interventions appeal to users and support
their use.
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