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Abstract

Objectives: The use of interactive mobile health (mHealth) applications to monitor patient-reported postoperative pain outcomes is an emerging
area in dentistry that requires further exploration. This study aimed to evaluate and improve the usability of an existing mHealth application.

Materials and methods: The usability of the application was assessed iteratively using a 3-phase approach, including a rapid cognitive
walkthrough (Phase |), lab-based usability testing (Phase ll), and in situ pilot testing (Phase lll). The study team conducted Phase I, while
providers and patients participated in Phase Il and IIl.

Results: The rapid cognitive walkthrough identified 23 potential issues that could negatively impact user experience, with the majority classified
as system issues. The lab-based usability testing yielded 141 usability issues.; 43% encountered by patients and 57% by dentists. Usability
problems encountered during pilot testing included undelivered messages due to mobile phone carrier and service-related issues, errors in
patients’ phone number data entry, and problems in provider training.

Discussion: Through collaborative and iterative work with the vendor, usability issues were addressed before launching a trial to assess its efficacy.

Conclusion: The usability of the mHealth application for postoperative dental pain was remarkably improved by the iterative analysis and
interdisciplinary collaboration.

Lay Summary

In this research study, we wanted to understand how much pain patients were feeling after getting dental treatment. To figure this out, we
used a mobile phone app where patients could tell us how much pain they had. Before starting this main study on a large group of patients, we
wanted to make sure the app was easy to use. We tried different ways to test the app and make it better. We asked the study team, dentists,
and patients for feedback. Dentists and patients talked about problems with the app and how hard it was to use. When we did a test run at real
dental places, we found more issues like messages not getting through, mistakes when entering phone numbers, problems with training, and
registration issues. The main thing we learned is that it is important to check if an app is easy to use in different ways and to include feedback
from dentists and patients. We worked closely with the company that made the app to fix these problems before starting the main study to see
if the app could help patients with their dental pain after surgery.

Key words: dental informatics; mHealth applications; usability testing; dental pain; patient-reported outcomes.

Background and significance methods. Patient-reported outcomes (PROs) represent a crit-
Dental pain has been identified as one of the most commonly ical component of comprehensive pain assessment.” PROs
occurring dental adverse events." While providers recognize allow clinicians to directly assess a patient’s symptoms, symp-
that the pain experienced by some patients is unavoidable, =~ tom burden, functional status, health behaviors, health-
efforts should be made to mitigate and, where possible, related quality of life, and care experiences.

prevent its physical and emotional burden through Dentists’ limited ability to actively assess patients’ postop-

pharmacological and non-pharmacological management erative pain levels has led to pre-emptive opioid prescriptions
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(Rxs) despite the risk of developing addiction and inferior
post-op pain relief.>* In context, >500 000 people in the
United States have died from an opioid overdose over a 20-
year time span (from 1999 to 2020).° For their part, the US
dentists have prescribed opioids more frequently than any
other healthcare providers, accounting for ~12% of all
opioid prescriptions; 31% of prescriptions were for 4-7 days,
and 20% were for 8 days or more, which may be excessive
for many dental procedures and increase the risk of abuse.
For example, dentists’ opioid prescriptions for pain manage-
ment of third molar extractions from opioid-naive adoles-
cents and young adults were associated with a 6.8%
statistically significant increase in persistent opioid use and a
5.4% increase in the subsequent diagnosis of opioid abuse.®
These statistics underscore the public health impact of pre-
scribed opioids as well as the potential for dentistry to use
PROs as a means to record both their use and dissemination.

Data derived from patient-reported sources are useful in
measuring pain and management outcomes as they provide
first-hand patient accounts.”® Questionnaires have been
administered to dental patients via phone or email to gauge
their pain and management experiences.” Still, post-
procedural communication between patients and their health-
care providers does not always occur, and when it does, the
interaction can be resource-consuming for both parties.'® To
reduce this commitment, medicine has used mobile Health
applications (mHealth) to gather PROs, for example, pain
outcomes after surgery and patient pain medication use.'®
Growing evidence suggests that mobile phones are effec-
tive! ™% for the reporting of patients’ symptoms, symptom
burden, health status, health behaviors, and health-related
quality of life. CareSmarts represents an illustration of
mHealth reporting capabilities. The mHealth diabetes plat-
form utilized automated text messaging software to encour-
age self-care and care coordination between nurses and
physicians. Nundy et al found that HbA1c levels were signifi-
cantly improved from 7.9% in the pre-period to 7.2% in the
post-period in the treatment group (mHealth application
users). At the same time, no change in HbAlc was observed
in the control group.'' The use of mHealth applications to
inform clinical care remains largely unexplored in dentistry
despite the increasing evidence of such emerging health infor-
mation technologies (IT). In an effort to accelerate their use,
an accounting of the mHealth landscape followed by compre-
hensive testing must occur before these mHealth technologies
can be widely adopted in dentistry.'>'?

Eighty-five percent of the US adults own a mobile phone,'*
and 67% of patients use their phones to search for health
information.'* Also, a significant proportion of low-income
families only connect to the Internet via mobile phones.'’
These data reflect a favorable patient environment that is
amenable to mobile device use for health-related concerns,
and they further the impetus for dental providers to embrace
health IT as a potential strategy for reporting and delivering
quality oral healthcare.

The literature recently published on dental mHealth appli-
cations is focused on dental hygiene, oral disease screening,
and oral disease prevention.'° However, to our knowl-
edge, such interactive mHealth applications,”' that provide
frequent monitoring of patient-reported postoperative pain
outcomes have not been widespread within the dental litera-
ture. To address this gap, we aimed to evaluate and improve
the usability of an existing application for monitoring dental
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pain through a mobile app. The FollowApp.Care was
selected for this purpose due to its suitability in dentistry and
the company’s commitment to working with the research
team to evaluate and improve the platform. In this research,
we report on a multi-modal approach to evaluate and
improve the usability of FollowApp.Care, a mHealth applica-
tion focused on collecting and transmitting PROs after pain-
ful dental procedures. Our approach incorporated a user-
centered design, widely used for building and improving
mHealth apps.*~*® This evidence-based iterative design proc-
ess considers the end users’ needs in each phase of the design
process.”” Our study demonstrates the first-ever implementa-
tion of the application in the dental clinical setting, providing
important insights into its potential for improving patient
outcomes.

Objectives

Our primary objectives were to: (1) perform usability and
pilot tests to refine the user experience and interface of the
mHealth application for each trial site. (2) Identify potential
implementation barriers and facilitators through a qualita-
tive, user-centered, and iterative process. (3) Determine the
mHealth application’s capacity to capture PROs in dental
practice. These evaluations and improvements were needed
to refine the mHealth application before use in a future
randomized controlled trial.

Methods
Study overview

The following methods were used to evaluate and improve
the usability of the mHealth application FollowApp.Care®’:
(1) Rapid cognitive walkthroughs (Phase I); (2) usability test-
ing (Phase II); and (3) in situ pilot testing (Phase III) (Fig-
ure 1). The study team conducted Phase I. Phases II and III of
the study were conducted at an academic dental institution
(Site A) and a multispecialty large accountable care dental
group practice (Site B). Permission to conduct the study at
both sites was obtained from the Institutional Review Board
at Site A (18-25477). A purposive sample of patients and pro-
viders was used for testing in Phases II and III. Consent for
participating in Phase II, the usability testing, was obtained in
written form. Phase II representative users were provided
“real-life” use cases to complete using FollowApp.Care while
the project team observed. For the in situ pilot testing (Phase
II), provider consent was obtained in written form, while
patient-implied consent was obtained by clicking on a link in
the mHealth app. Figure 1 provides an overview of the 3
phases of the study.

Study population

Phase I did not have study subjects as it was conducted by
study team members who were intentionally selected for their
multi-disciplinary expertise in usability methods, informatics
and/or practicing dentistry. Patients and dental providers
from a large dental group practice in the Pacific Northwest
and a large academic dental practice in California were
invited to participate in Phases II and III. Provider partici-
pants were purposefully recruited from the participating clin-
ics based on their interest in using a mHealth app to
communicate with patients. Patients who attended clinic vis-
its during the specific study period were invited to participate.
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Phase l: Internal Cognitive Walkthrough by study team

= )

[

Examples of issues and solutions identified in this phase:

- Changed Ulinterface settings from UK-based format
to USA-based format for dates
Clarified timeframes related to pain experience asked
in questions

- Identified errorsrelated touser registration

Initial assessment and troubleshooting of the FollowApp. Care dentistand patient Ul by the study team.
Additional mHealth App screenshotsin the Appendix.

Phase ll: Lab-based Usability Testing sessions where dentists and patients participated

Simulated scenario: Patientin pain

Phasel lll: In-situ Pilot testing at clinical sites A and B

Actual patients at risk for pain

Dentists and patients user-testing
FollowApp.Care using a speak-aloud technique

Dentists and patients Ulimprovements

Continuous assessment,
M i i troubleshootingand
improvement by study teamin
— preparationfor the
™ Randomized Clinical Trial.

Dentists and patients using FollowApp.Care

Figure 1. Overview of the 3 phases of the study: Phase 1: Cognitive walkthrough, Phase Il: Usability Testing, and Phase Ill: Pilot testing. We
acknowledge Engin Akyurt on Unsplash for the photo “A girl with a toothache,” and Kopparapu and Tenzen on CleanPNG for “Apple Cartoon—iPhone 5"

and “Apple Cartoon—Laptop.”

The source of potential participants was the pool of patients
and dentists at either a large dental group practice in the
Pacific Northwest or an Academic dental institution in Cali-
fornia. Eligible providers were dentists with a minimum of
2 clinic sessions per week (1 day) and at least 6 months of
practice experience. Eligible patients were English-speaking
adults (>18 years) who had undergone specific, likely post-
operative, painful dental procedures. Both patients and den-
tal providers (dentists) needed access to a working
smartphone with internet capabilities. The criteria used for
purposive sampling were based on sex and age. We tried to
recruit ~50% male, 50% female, and participants of all age
groups.

Materials

FollowApp.Care is a communications platform to collect
patient-generated health data before or after a dental proce-
dure to inform care decisions, drive quality, and generate
actionable performance reports.’® This patient-monitoring
mobile phone platform is currently used in the United States,
the United Kingdom, Spain, and Australia. FollowApp.Care
can be deployed through any text message-enabled smart-
phone and configured to deliver language translations (eg,
Spanish) as well as generate aggregate reports at the patient,
provider, practice, and organizational levels. The research
team engaged with FollowApp.Care due to the suitability of
the platform for dentistry and their commitment to

participating in the usability assessments and iteratively
improving their platform based on our findings.

The FollowApp.Care mHealth app platform was used to
administer the mHealth survey consisting of validated items
from the PROMIS® and APS-POQ-R?! surveys. FollowApp
had 2 user interfaces (UI): one for dentists and a second one
for patients. Dentists could manage their patient’s mHealth
survey responses through the dentists’ UI. Surveys were deliv-
ered to patients, and answers were collected through the
patients’ UI. Neither dentists nor patients had to download
FollowApp.Care from an application store platform since it
is a web-based app that can be accessed through any web
browser.

While dentists could access the dentists’ UI through their
mobile phones, we focused on access to the platform using a
web browser on a computer. After logging into the app, den-
tists were able to register patients, set up the surveys, review
their patients’ responses, and send them manual or auto-
mated text messages through the app. Patients could only use
the patients Ul through their mobile phones since access was
granted via a unique link embedded within a text message
(see Appendix for screenshots). The sender’s mobile phone
number always came from a generic 5-digit number set up by
FollowApp.Care. Therefore, patients had no access to their
dentists’ mobile phone number. Once a patient completed a
survey, responses were collected in the system, and the dentist
was notified if the patient’s pain, swelling, and bleeding levels



triggered an alert or if the patient sent a comment to the den-
tist. Alerts were sent to providers via email or text message;
these included a link that directed the dentist to the patient
profile that triggered the alert. Once alerted, dentists could
resolve the alert by contacting the patient through the mes-
saging application or “acknowledge” the receipt of the alert
with the option to phone/contact the patient outside the
application or perform no action. Patients also always had
the option to contact the provider’s office outside of using the

app.

Phase I: rapid cognitive walkthrough

The multidisciplinary research team members individually
performed a rapid cognitive walkthrough of the mHealth app
from August 24, 2018, to November 5, 2018. The rapid cog-
nitive walkthrough is an analysis method focused on under-
standing and improving the usability of a system through use
and exploration.”” The walkthroughs occurred after the
study team received a virtual overview of the mHealth appli-
cation from the developers during the initial planning stages
of the study. A facilitator organized the walkthrough process
and prepared the walkthrough team for the session. A single
notetaker recorded the output of the cognitive walkthrough.
Subsequently, each team member completed the FollowApp.
Care user-related tasks to identify potential issues. The tasks
included completing patient surveys and reviewing the den-
tist’s dashboard. All reported issues found during the rapid
cognitive walkthroughs were collected, organized, and
reviewed for accuracy. There were no discussions about the
design during the walkthrough.

To analyze the rapid cognitive walkthrough findings, we
used qualitative descriptive theory.** A single investigator (A.
M.L-N) classified each issue into system, content, and work-
flow categories. System issues were related to the mHealth
U, content issues were related to the survey questions, and
workflow issues were related to using the mHealth app
within the dental care workflow.>* Through a consensus
process, a second investigator (M.F.W.) confirmed the classi-
fication to minimize preconception biases.

Phase Il: usability testing

One-hour semi-structured interviews were conducted for
usability testing of FollowApp.Care from December 3, 2018,
to December 7, 2018, at sites A and B. The participants had
no prior knowledge or experience with the mHealth app. The
semi-structured interviews consisted of simulated scenarios
describing a 7-day postoperative dental experience. In 1-hour
blocked sessions, the participants interacted with the
mHealth app following the simulated scenario while using a
think-aloud protocol.>” Each session was moderated by a
research study team member (M.F.W.). Another team mem-
ber (A.M.L-N.) managed the mHealth app’s force-send fea-
tures, recorded the participants’ verbal thoughts, and
observed their actions. Patients’ hand movements and com-
puter and mobile phone screens were recorded. The usability
testing video recordings were imported into NVivo 12 soft-
ware for the qualitative analysis. Additionally, the usability
of FollowApp.Care was evaluated in accordance with the
Heuristics from the Better EHR General Design Principles
classification of the NCCI&DMHC.?® Finally, the System
Usability Scale (SUS) survey®” was administered to partici-
pants at the end of each semi-structured interview using
Qualtrics Survey Software.

JAMIA Open, 2024, Vol. 7, No. 1

All observational data were transcribed verbatim and con-
verted into a structured table with timestamps. Data quality
was assessed by randomly reviewing 3 transcriptions and lis-
tening to the audio recordings. Two investigators conducted
the initial coding stage by analyzing each sentence of the tran-
script and tagging the transcript lines into thematic codes.
Next, advanced coding was done by developing a data dic-
tionary, comparing the codes, identifying patterns, and
grouping them into unique themes. Conceptual saturation
was considered satisfied during the data analysis process
when no new concepts were emerging from the data. Theo-
retical saturation was achieved when no new properties or
dimensions of a category or theme were identified. Two cate-
gorization rounds were conducted to achieve consensus in the
classification of codes and concept integration. The thematic
analysis included categorizing each finding into the
following:

a) Finding type of:

e User Comment: “Patient has never used an applica-

tion like FollowApp before.”

Usability Issue: “Dentist is confused by pain scale

questions and would like the pain level to be more

user friendly.”

User Suggestion: “Patient would like to be able to

send pictures to show how an ‘abscess or blister’ looks

like, so they can confirm if he/she needs to come in or
not.”

e Other: “Dentist likes that questions are automated
and sent at a certain time without him having to think
about sending them.”

b) Location of the usability issues and potential solutions
to fix the problems.

* Examples: Locations in the Ul (patients’ interface or
dentists’ interface), icons within a screen, questions in
the questionnaire, and specific steps in the clinical
workflow.

c) Types of usability issues according to the Heuristics
from the Better EHR General Design Principles classifi-
cation of the NCCI&DMHC.?® Each usability issue was
further classified according to the following;:

* Level of impact on the usability

* High impact: were those items that could have a
dramatic impact on improving usability

* Medium impact: were those that would have a sig-
nificantly positive impact and should be addressed
but were not deemed urgent, and

* Low impact: those that would have a minimal
impact on user experience could be addressed
based on extra time and resources.

* Out of Scope: were those issues or usability ses-
sions that did not pertain to the study objectives.

* Suggested timeframe to address the issue

* Short-term: were those issues that should be
addressed immediately

* Medium-term: addressed by the next major release
of the mobile dental application or within 1 year

* Longer-term: were those that would be addressed
within a 2-year timeframe.

The frequency and percentage of the heuristic principles
that were violated were calculated. SUS survey results were
analyzed using Brooke’s scoring system to determine the
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overall usability of the mHealth app in Phases IT and IIL.*”
The results from the usability testing were used to refine fur-
ther and configure FollowApp.Care. Each item on the SUS
questionnaire was reported using a 5-point Likert scale rang-
ing from strongly disagree to strongly agree. Survey responses
were analyzed quantitatively using the SUS scoring system.
The score yields a single composite number ranging from 0 to
100, measuring the overall usability of FollowApp.Care.
Mean overall usability scores were calculated along with
standard deviations.

Phase lll: pilot testing

The pilot testing was conducted from June 24, 2019, through
January 14, 2020. Study team members worked with the
study participants from each site and gathered all usability
issues encountered while using the mHealth app either via
email or on weekly team calls.

Quantitative data were collected through the assessment of
fidelity and administration of the SUS questionnaire.>” The
SUS questionnaire was given at 2 time points: (1) before start-
ing the use of the mHealth app and (2) after at least one
patient had completed the seventh day survey. The fidelity
metrics for both patients and providers were specified in
Table 2. The SUS was administered through Qualtrics Survey
Software and was analyzed using methods described in
Phase II.

The fidelity measures were calculated using descriptive sta-
tistics. Frequency distributions with percentage contributions
were used to report the distribution of each categorical metric
and means and standard deviations were used to characterize
continuous variables.?”

Results

Subjects

The rapid cognitive walkthrough conducted during Phase I
had no study subjects as it was conducted by our multidisci-
plinary team of experts, including 4 dentists, 2 dental hygien-
ists, and researchers with usability expertise. Participants
recruited for Phase II Usability testing included 6 patients
and 9 providers. Participants recruited for Phase III Pilot
testing included 34 patients and 12 dentists (see Table 1).
Some dentists participated in Phase II only, while others par-
ticipated in both Phases II and III. The majority of the dental
providers were general dentists, except 1 oral surgeon and 1

endodontist. Nine dental providers came from the academic
institution, and 7 worked at the multispecialty large account-
able care group practice.

Phase | result: internal rapid cognitive walkthrough
of prototype A

During the rapid cognitive walkthrough of the mHealth app,
23 issues with the potential to have a negative impact on
users’ experience were identified. The majority were catego-
rized as system issues (n=17, 74%), followed by content
issues (n=4, 17%). Two issues (9%) related to the workflow
and implementation of the app within the clinical context.

Overall, 13 issues belonged within the dentists’ UI (57%),
and 10 belonged within the patients” UI (43%). Among all
issues identified in Phase I, 17 (74%) were classified as hav-
ing a high impact on usability, 4 (17%) were classified as
having a medium impact on usability, and 2 (9%) were classi-
fied as having a low impact on usability. We did not identify
any issues that were out of the scope of the project; 21 (91%)
of the issues needed to be addressed in the short term, and 2
(9%) in the medium term.

Phase Il result: usability lab testing of prototype A

We conducted 15 semi-structured interviews lasting between
35 and 160 minutes with an average duration of 60 minutes.
The first and second rounds of analytical conceptualization
and re-classification of issues to achieve a consensus yielded
141 usability issues. Among all issues, 42% were classified as
system issues of the mHealth app interface (n=159), 35%
were related to the content (n=50), and 23% were associ-
ated with the workflow process of the use of the mHealth
app in the participants’ environment (z=32). Of the 141
issues, 43% were encountered by the patients (#=61) and
57% by the dentists (7=280). In terms of impact level on
usability, 76 (54%) issues were classified as having a high
impact on usability, 16 (11%) were classified as having a
medium impact on usability, 3 (2%) were classified as having
low impact on usability, and the remaining 46 issues were
considered out of scope for this study (33%). We identified
86 (61%) of the issues needing to be addressed in the short
term, 6 (4%) in the medium term, and 50 (35%) that would
not be addressed. Rewording questions on the mHealth sur-
vey to improve clarity for the patient was an example of a
short-term issue. Participating dentists pointed out that the
communication with their patients needed to be appended to

Table 1. Demographic information of the participants involved in Phases Il and Ill. No participants were enrolled for Phase I.

Total phase II

Phase III: Pilot testing Total phase III

Patients Dentists

Male Female Total Male Female Total

Phase: Phase II: Usability lab testing

User type: Patients Dentists

Gender: Male Female Total Male Female Total

Age group <25 y.o. — — 0 — — 0
25-34y.0. — 1 1 4 1 S
35-44y.0. 1 — 1 1 3 4
45-54y.0. — — 0 — — 0
55-64y.0. — 2 2 — — 0
65-74y.0. 1 1 2 — — 0
75-84y.0. — — 0 — — 0
Totals 2 4 6 5 4 9

0 2 3 N — — 0 5
6 7 2 9 5 4 9 18
N 3? 47 8? — 1 1 9
0 4 3 7 — 1 1 8
2 — — 0 — — 0 0
2 — — 0 — — 0 0
0 2 4 6 — — 0 0
15 18* 16" 35 5 6 11 45

This table summarizes the demographic information of the participants involved in Phase II: the Usability testing, including 6 patients and 9 providers.
Participants recruited for Phase III: Pilot testing included 34 patients and 12 dentists.
% One patient in Phase III, age group 35-44 years did not provide gender information.



Table 2. Pilot-testing results: fidelity measures outcomes.
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Description

Results

Fidelity measures
(patients) FollowApp.Care Profile was created

Received SMS/Email notifications on Day 0

Patient Response Time

Response rate Day 1

Response rate Day 3

Response rate Day 5

Response rate Day 7

Signed consent forms before training

Completed 1-h training

Verified FollowApp.Care Profile

Unique Identifiers provided

Completed SUS Survey

Number of Log-Ins

Number of Successful Log-Ins

Number of Unsuccessful Log-ins

Number of Alerts triggered

Number of Alerts Resolved

Number of Alerts Resolved by chat

Number of Alerts Resolved by phone

Fidelity measures
(dentists)

Number of Alerts resolved by Acknowledgement

Number of Alerts Unresolved
Average Response Time to Alerts

Provided verbal consent and received the Information Sheet

100% of patients completed it (35/35)

100% of patients had a FollowApp profile (35/35)
100% of patients received it (35/35)

6 hours 12 minutes (SD: 17hrs. and 55 minutes)
54% of patients responded (19/35)

57% of patients responded (20/35)

54% of patients responded (19/35)

57% of patients responded (20/35)

100% of dentists completed it (11/11)

100% of dentists completed it (11/11)

100% of dentists verified their profile (11/11)
100% of dentists had a unique identifier (11/11)
100% of dentists completed the SUS survey (11/11)
Total number of Log-Ins: 74

71.6% of Log-Ins successful (53/74)

29.4% of Log-Ins unsuccessful (21/74)

60% of messages triggered an alert (9/15)

100% of alerts triggered an alert (9/9)

44% of alerts were resolved by chat (4/9)

11% of alerts were resolved by phone (1/9)

22% of alerts were resolved by Acknowledged (2/9)
No alerts were left unresolved (0/9)

9 hours 58 minutes (SD: 6 hours 55 minutes)

their EHR for legal reasons, which required developing addi-
tional functionality to address the need, which was an exam-
ple of a medium-term issue. An issue considered long term
and not addressable during the project period was adding the
ability for patients to capture a photo of their health concern
using their mobile device and sending it to their dentist
through the app. An overlap in Phases I and II, identified by
the study team and study subjects, included terminology like
“Response Rate” and “Engagement Rate.” Both rates were
viewed as “unclear” and violated the principles of “Match
between system and world” and “Use user language.” All
other issues found in Phase I were solved before Phase II.

If an issue appeared more than once, it was only docu-
mented one time; non-duplicated issues summed to 141
issues. In terms of the heuristic principles that were violated
(Figure 2), 54 issues referred to a lack of match between the
mHealth app and the world (38%), and in 43 cases, the sys-
tem did not follow the users’ language (30%). Other usability
issues included a lack of visibility of system state (n=13,
11%), help and documentation challenges (=12, 9%),
users not feeling in control (n=12, 9%), lack of flexibility
and efficiency (n=11, 8%), problems with minimizing the
user’s memory load (7=11, 4%). Other issues were associ-
ated with violations of the principles of minimalist design
(n=4, 3%), consistency and standards (=4, 3%), reversi-
ble actions (#=3, 2%), preventing errors (=3, 2%), good
error messages (n=1, 1%) and informative feedback (n=1,
1%). No issues were identified that were out of the scope of
the project; 21 (91%) of the issues needed to be addressed in
the short term, and 2 (9%) in the medium term.

All participants in Phase II completed the SUS survey. It
appears that patients found the system or product to be
highly usable, with a SUS score of 93, whereas providers
found it less usable, with a score of 65 (Figure 3).

After identifying all usability issues, the mHealth app
developers modified Prototype A’s dentists’ and patients’ Ul,
transforming Prototype A into Prototype B. Prototype B’s
dentists’ major modifications included an improved design

where the dashboard’s features were more user-centered and
task-oriented. The changes to the patients’ Ul were minor,
such as improved screen visibility by adjusting the contrast
between text font and background. Screenshots of the patient
Uls (before and after re-design) are included in the Appendix
(Supplementary Material).

Phase Il result: pilot testing of prototype B

Table 2 reports the descriptive statistics for the fidelity meas-
ures recorded in Phase III. The SUS score for providers during
pilot testing is shown in Figure 3. The usability errors identi-
fied during the pilot testing of prototype B included: (1) unde-
livered messages due to mobile phone carrier and service-
related issues, (2) errors in patients’ mobile phone number
data entry, (3) problems in the training of providers, and (4)
mHealth app registration issues.

Discussion

Through a multi-phase iterative usability evaluation, we sig-
nificantly improved the first version of a mHealth app for
monitoring patient-reported postoperative dental pain. The
evaluation highlighted the importance of formally assessing
usability.*®3? Tt allowed us to discover challenges in the use
of the patient and dentist Ul, understanding of the pain-
related content questionnaires [based on the PROMIS*’ and
APS-POQ-R?' questionnaires], and disruptions in the work-
flow of clinical practice. Our combined approach, which uti-
lized different usability testing methods, provided different
perspectives from cognitive and heuristics experts, system
experts, patient users, and dentist users.*' Each type of
method allowed us to capture a more comprehensive view of
usability and identify critical issues that may have been
missed if we had only used one method.**** We also demon-
strated the value of engaging an existing mHealth application
developer as part of the usability evaluation process. The
findings from the research were used to iteratively improve
their production platform for patients and providers.
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Match between system and world I 350
Use userslanguage I 0%
Visibility of system state N 11%
Help and documentation I 9%
Usersin control I 9%
Flexibility and efficiency N 8%
Minimize memory load 1l 4%
Minimalist Design 1 3%
Consistency and standards 1l 3%
Reversible actions (undo) M 2%
Preventerrors M 2%
Good error messages 1 1%
Informative feedback I 1%
Figure 2. Issues found during the usability testing lab sessions: Heuristic violations. This figure quantifies and contrasts the count and percentage each

of the heuristic principles’ violations, sorted from the heuristic principle most frequently violated (lack of match between the mHealth app and the world)
to the least heuristic principle least frequently violated (informative feedback).

Phasell:
Usability Testing

Patients

Dentists

Phase lll:
Pilot project

Standard average usability >68

0 10 20 30 40

50 60 70 80 90 100

Figure 3. Average SUS score by group: the SUS score among patients and dentists during Phase Il and Phase lll. The SUS score among patients during
Phase II: Usability testing was 93, and among providers, it was 65. The SUS score among providers during Phase IlI: Pilot testing was 69. *Patients did

not answer the SUS in Phase Ill since we did not change it from Phase II.

FollowApp.Care is a novel mobile application that has
been successfully enhanced to efficiently capture PRO data
on postoperative pain in order to inform clinical management
of acute postoperative dental pain and ultimately to improve
patient health outcomes, experience of care, and provider
performance. The strength of our study lies in the ubiquitous
use of mobile phones, which provides a convenient platform
to collect PRO data. The secure-messaging feature of the Fol-
lowApp.Care system is deployable on any text message-
enabled smartphone, and the high engagement rates among
dental patients underscore its suitability for our study. Fur-
thermore, to the best of our knowledge, no other mobile
application has been developed and tested specifically for use
in the dental office setting, which closely mirrors the specifi-
cations of our study. The collection of PRO data and its use

to inform clinical care is not routinely practiced at most den-
tal offices, despite obvious benefits to patients and pro-
viders.**** FollowApp.Care aims to serve both the collection
and utilization of PRO data. We expect the proactive collec-
tion of PRO data, combined with a rapid response from pro-
viders, will facilitate active participation among patients and
foster the positive belief that their seemingly mundane
actions, such as completing surveys, can make a significant
difference in the quality of care they receive.

In the first phase, a cognitive walkthrough allowed for
early identification of system-related usability issues, provid-
ing more time for software engineers to transform prototype
A to prototype B while evaluating other workflow and con-
tent issues. The lab-based usability testing in Phase II helped
to identify most of the issues with high impact on usability.



At the same time, the quantitative methodology, like the SUS
in Phase IT and II1, allowed us to understand that the provider
Ul had significant usability challenges. Additionally, the
in situ pilot testing allowed us to identify issues such as pre-
dicting undelivered messages and problems with data entry
and training of providers that may have been missed with
only lab-based testing. Using various methods for determin-
ing usability allowed us to capture a more comprehensive
view of the usability of health IT and improve the production
platform for patients and providers. If the cognitive walk-
through and the usability testing were entirely forfeited, the
provider users in the pilot testing would have experienced
more issues and frustrations that could potentially hinder the
adoption of the mHealth app.*® These findings are consistent
with our previous work in assessing and improving the
usability of a dental EHR.*?

The multiple themes identified through the qualitative
analysis of the usability testing interviews showed that the
mHealth app we evaluated was complex in nature. Our anal-
ysis showed that the dentists’ Ul was more challenging than
the patients’ UL Our findings differed from those of Derks et
al*’; they found most of the usability issues in their mHealth
app by testing it with patients, while we found most of the
issues through provider testing.

The limitations of this study relate to the generalization of
results due to a small sample of participants. Provider partici-
pants were purposefully recruited from the participating clin-
ics based on their interest in using a mHealth app to
communicate with patients. Therefore, these participants
may not be generalizable to the larger population. No partici-
pants with visual or motor disabilities were included in the
study; therefore, we have no information on the usability of
the mHealth app when a smartphone uses accessibility fea-
tures like “VoiceOver.” In addition, replication of results
may change with external variables like time and technology
use; we cannot determine how people use technology now
versus how the use of technology in the future might affect
the usability of the mHealth app. In Phase I, a single author
coder with only one second investigator is a weaker way of
assuring the rigor and reproducibility of the findings than
other methods. For dentists, we mainly assessed the web-
based UI using a computer and not the mobile UL We found
early on that dentists were much more likely to use their
clinic computers rather than their personal mobile phones to
access the system. We, therefore, did not compare these 2 dif-
ferent interfaces for dentists and focused our efforts on the
computer UL All patients used their mobile phones to access
the platform, and therefore, we did not test the ability of
patients to use their email and computers to access Follo-
wApp.Care. The platform also was not interoperable with a
dentist’s patient record—although such a feature is on the
development plan for the future. Although the mHealth sur-
vey consists of validated items from 2 valid and reliable sur-
veys, it still needs to be assessed for reliability and validity as
we cannot assure that the revised survey retains the psycho-
metric properties of the original surveys.

Conclusion

This study demonstrated a significant improvement in the
first version of the mHealth app for monitoring patient-
reported postoperative dental pain. It highlights the impor-
tance of multi-phase iterative usability evaluation in the

JAMIA Open, 2024, Vol. 7, No. 1

development of the mHealth application. By using a variety
of methods, such as rapid cognitive walkthrough, usability
testing, iz situ pilot testing, and quantitative SUS evaluation,
we were able to identify and address critical usability issues
in the FollowApp.Care mHealth app for postoperative dental
pain management. Our findings suggest that the app has the
potential to improve patient outcomes and enhance the qual-
ity of care delivered by providers.
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