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Abstract

From the literature, it is evident that clinicians would use a mobile application only if they are motivated to do so, and lack of clinical and end-user
engagement is one of the most common barriers affecting broader mobile health (mHealth) app adoption.

This research aims to answer two questions related to mHealth apps in hospitals:

A. How to provide the best user-experience for clinicians in daily routine bases and

B. How to create a clinician-centric framework for wider mHealth apps adoption in hospitals?

We propose a 6S framework focused on clinician-as-a-user, by analysing current mobile apps available for clinicians in hospitals with some level of

clinical decision support. Based on the analysis and market review, we found that the best number of main screens required for a successful healthcare
app is six. Finally, the app design/framework was evaluated for user engagement, ease of use and adoption by a broader user group consisting of
researchers, clinicians and Health IT engineers.

Keywords: mHealth app framework; Patient monitoring application; Smartphone-based monitoring; Framework for user experience and clinical
decision support application

Abbreviation: 6S: Six-Screen; EMRAM: Electronic Medical Record Adoption Model; HIMSS: Healthcare Information and Management Systems Society;

ISO: International Organization for Standardization

Introduction

The use of mHealth applications (apps) are increasing as aresult
of the presence of low-medium-end hardware, various screen sizes,
specifications and affordable pricing. Monitoring apps usually have
three key capabilities: the ability to ‘view’ information, the ability
to ‘do’ clinical tasks and the ability to ‘act’ (e.g. providing alerts and
notification) [1-3]. Clinicians are increasingly considering the use
of smartphone apps to monitor vital signs as they offer accuracy
and the ability to apply clinical decision support layered on top of
the new/existing vital signs data [2]. However, currently, there are
few apps available that clinicians can use in hospitals to monitor a
patient’s vital signs using integrated medical devices.

The purpose of developing a six-screen (6S) app framework
was to provide clinicians with the best user experience with an app
navigation that was as simple as possible. There are many use-cases
for the proposed app design framework in hospital care settings
including general ward monitoring, and specialist/intensive care
monitoring [3-5].

Challenges of mHealth Application Design

It is evident from the literature that the mHealth studies
are utilizing the Smartphone’s efficiency as a tool for clinician-

patient communication, healthcare educational reference and
key information resource for patients as well as providers [6].
Furthermore, recent studies show positive patient perception of
physicians who use Smartphones in the clinical setting regardless of
the patient age, race, gender or income. A user-centered approach
is the key to the success of any mobile healthcare app [6].

Consequently, a close end-user collaboration should be
established in the early stages of app design. Poor user acceptance
is a key factor limiting wider clinical adoption of monitoring apps
[6-8]. A clinical and patient focus should be applied when designing
any healthcare app. Highly sophisticated functionality becomes
irrelevant if the end-users do not understand the intended use of
the app or its user interface. An ideal mHealth app design should
carefully consider what is essential from the clinician’s perspective
(such as the saving of time), the environment the clinician works in
and the conditions in which the clinical staff may use the mHealth
app.

From the literature, we found some main factors required for
wider mHealth app adoption such as:
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A.  Evidence of smartphone app(s) tested/evaluated in
hospital care settings involving senior clinicians;

B.  Continuous involvement of medical professional and end-
user in the app design; and

C. Provision of accurate data analysis and interpretation
to the medical professional via a smartphone app within a
reasonable time-frame.

Table 1: Currently available smartphone apps for clinicians.

The ‘6S’ refers to a six-screen approach for a mobile healthcare
app. This research investigated and explored selected medical
apps (for monitoring patients and their vital signs and for clinical
decision support) available for clinicians in the app market (iTunes
and Play Store) [9] as shown in Table 1. The majority of the apps are
available on cross-platform (Android as well as i0S) and provides
an average of six main screens to capture and display the domain
information and have six to eight sub-screens for more detailed
information as detailed in Table 1.

App Name Description Main Screens Sub-Screens
Epocrates Drug information, assessment and referrals 5 main screens 6-8 sub-screens
UpToDate Medical knowledge support 3 main screens 2 sub-screens
Doximity Doctor networking 5 main screens 6-8 sub-screens

Read by QxMD Medical literature 5 main screens 6-8 sub-screens
Isabel Diagnosis assistance 6 main screens 5 sub-screens

Figure One-Medical Images

Medical images

6 main screens

6-8 sub-screens

Medscape

Medical reference tool

6 main screens

4 sub-screens

Virtual Practice for Doctors

Free mobile-based EMR

5 main screens

6-8 sub-screens

Alive ECG

Records, displays and transfers single-channel ECG readings

4 main screens

8 sub-screens

BP Log

Manual record and display of blood pressure including graph view with

date and time

2 main screens

4 sub-screens

mHealth Apps Maturity Matrix

Figure 1 shows a simple to complex user workflow for mobile
healthcare apps with four levels of complexity [10]. The simple
to complex scale was derived from the internationally recognized
Electronic Medical Record Adoption Model (EMRAM) developed

by the Healthcare Information and Management Systems Society
(HIMSS) [10]. The x-axis shows the simple to complex matrix
aligned with the four levels of complexity comprising view-only
information, do-able tasks and actions via clinical decision support
related to the y-axis.

Medication
Management and
Clinical Decision
Support

— Action

Clinical
Assessments and
Documentation

DO

Integrated with
EHR, LIS, RIS

— View Only

Stand-alone
Application

Simple

Complex

Figure 1: Simple to complex maturity and clinical workflow for mobile healthcare applications [10].
EHR=Electronic Health Record; LIS=Laboratory Information System; RIS=Radiology Information System

Level I: Stand-alone apps

The majority of apps today fit into this category, providing
clinicians with limited and specific point-of-care information for
one particular use-case or specialty.

Level II: Apps integrated with third-party systems

Clinical and information workflow can be managed within the
app to provide information for third-party system (e.g. patient’s
electronic health records, laboratory information or radiology
information).
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Level III: Apps with clinical documentation functionality

providing clinical documentation when required can be a
challenging. However, the use of apps on mobile devices can enable
clinical documentation and preparing handover notes quickly.
Nevertheless, the management of the workflow associated with
clinical documents can be complex and challenging.

Level IV: Medication management and clinical decision
support

Medication management introduces a whole new level of
complexity. The app can provide important information when
making decisions about drug-drug interactions, drug-allergies or
drug-food allergies.

6S Application Design Framework

The proposed 6S framework was developed by adopting three
approaches:

A.  Firstly, we reviewed current mobile apps available for
clinician-as-a-user in the acute care setting with some level of
clinical decision support. Based on the review of available apps,
we found that the optimal number of main screens required for
a successful healthcare app was six.

B. Secondly, we conducted user feedback, clinical
engagement and consultation to design the framework with
the appropriate number of screens required to capture the key
information required by the clinician. Initially, ten screens were
selected, after clinical consultations and feedback we optimized

this to the six screen-6S design frameworks.

C. Finally, the app design framework was reviewed for
user engagement, ease of use and ease of adoption by a wider
clinical user group consisting of eight individuals, including
researchers, clinicians and Health IT professionals.

We propose that the following principles should be followed to
ensure the best user-experience of an mHealth app [6-8]:

A.  The design of the app should entail as few steps as
possible to complete a task. In an emergency, for example, a
nurse can alert the response team with the push of a button
without a flurry of text messages, emails or phone calls.

B.  Use of icons and images instead of text should be used
to cater for users who have English as a second language.
For example, a delete icon, rather than text, would enable
recognition by both English and non-English speakers.

C. Minimize the amount of information available, warnings,
messages, notifications or external links, and screen usability
factors.

Table 2: 6S framework summary description.

The proposed framework adopted a user-centered approach,
focusing on the clinicians-as-a-user to be engaged in the everyday
practices and duties rather than on an idealized or non-existing
scenario or use-case. Evidence shows that clinicians will use an
app only if they are motivated to do so [6-8]. Consequently, the
framework was designed with the following considerations:

A.  Well-documented interaction design patterns, as outlined
in Fogg’s behavior design model [11];

B. Identification of the clinicians’ daily needs through early
engagement, clinical and design feedback;

C.  Exploration of different user-engagement techniques, like
gamification, and leaderboard, that were tested with real-world
users in a real-world context.

The 6S framework with user-flow

The 6S framework covers the system maturity, application
complexity and various levels of integration required for a
successful mobile healthcare app.

Screen login: This should be the first entry point for the
app including login, welcome and a home screen for privacy and
security of health information. There may need to be sub-screens
for first-time registration or identity confirmation.

Screen context: This screen should help users identify the
context for which the app will be used. For example, selecting
patients, topic, disease, type of care, etc.

Screen information: This screen is used to view the critical
information related to the user’s query. It will give the user a
background and, in some cases, current information to decide the
next steps. For example, previous vital signs, previous medications,
history of falls or admissions in the last 30 days.

Screen data capture: This screen allows users to capture new
information or update previous information within the app.

Screen task and actions: After having access to the previous
and current information, this screen should enable users to perform
actions based on the known information. The ability to ‘do’ or ‘act’
within the app enhances the user engagement when compared to
‘view’ only apps.

Screen contact: This screen should help users to reach beyond
the current app boundary. For example, if further information is
required, then the user can connect with other persons or systems.
Advanced communication tools should also be part of this screen.

Figure 2 shows the 6S framework with user-flow for each screen
and Table 2 describes the 6S framework features, functionality and
screen-wise complexity.

Screen . - q q q
Number Title Description Feature/Functionality Complexity
1 Login Login; welcome; home or initial screen Mandatory security and privacy N/A
2 Context Patient; specialty; location; t}.rpe of service or Clinician-as-a-user; clinical settings; Simple

role-based service
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. . Real-time; current information or history/ Source system integration; holistic view of health Simple to
3 View Information . . ) .
related information information complex
4 Captur::i(l)?lforma- New data capture; various data sources Structured data capture; real-time information Complex
5 Actions Task; reminders, warnings; alerts Data analytics; machine learning; clinical decision Complex
support
6 Contact Various communication channels Communication; information sharing N/A
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Login Context View Capture Actions Contacts
. View +  Alerts
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Figure 2: The 6S framework and its high-level architecture with user-flow for each screen.

6S Framework Evaluation and Validation

Task-based evaluation

The International Organization for Standardization (ISO)
defines usability as the “extent to which a product can be used
by specified users to achieve specified goals with effectiveness,
efficiency and satisfaction in a specified context of use” [12-14].
This definition identifies three factors that should be considered

when evaluating usability.

A.  The user: the person who interacts with the product

(app);

Each of these factors may have an impact on the overall design
of the app and, in particular, will affect how the user interacts with
the app. To measure how usable a system is, the ISO standard
outlines three measurable attributes:

A.  Effectiveness: accuracy and completeness with which

users achieve specified goals;

B.  Efficiency (time): resources expended about the accuracy
and completeness with which users achieve goals;

C.  Satisfaction: freedom from discomfort and positive

B.  The goal: the intended outcome;

C. The context of use: the users, tasks,

(hardware, software and materials), and the physical and social

equipment

attitudes towards the use of the product.

A web-based, free wireframing tool has been used to create the

interactive (near-real) wireframe based on the 6S framework. This
tool was used to capture the key statistics relating to the app usage

environments in which a product (app) is used.

Table 3: App design evaluation criteria.

by the evaluators, including the time spent on each screen, clicks,

navigation, etc.

Screen Number Title Task Standard App Navigation Required Evaluation Outcomes
Click on register E1:100% (5/5)
Fill in the registration fields E2:100% (5/5)
1 Login Please login Save the registration screen E3:100% (5/5)
Go back to login screen E4:100% (5/5)
Login using your details

Click on add new patient E1:100% (5/5)
Fill in the new patient fields E2:100% (5/5)

2 Context Please E;)i(:i}elg}c“ianpgf; ;;)r bring Save the new patient screen E3:100% (5/5)

Go back to patient list E4:80% (4/5)

Select your patient
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3 View Information Please view pulse rate

Select the patient

E1:100% (5/5)

Select the vital signs screen

E2: 100% (5/5)

Navigate to the pulse rate

E3: 80% (4/5)

Check and confirm the date and time

E4: 80% (4/5)

Recognize the normal or abnormal pulse

tation

rate
Select the patient E1:100% (5/5)
Select the vital signs screen E2:100% (5/5)
4 Capture Informa- Please capture the patient’s Navigate to the enter temperature E3:100% (5/5)
tion temperature Enter the temperature value accurately E4:100% (5/5)
Check and confirm the value and date and
time
E1:100% (5/5)
i E2:100% (5/5)
5 Actions Please recognize any alerts/ Respond to the alerts/ actions as needed
actions E3:100% (5/5)
E4:100% (5/5)
Select the patient E1:100% (4/4)
Select the contact screen E2:100% (4/4)
Please call specialist for consul-
6 Contact

Navigate to the on-duty specialist/ consul-
tant

Make a call using the call icon E4:100% (4/4)

E3: 100% (4/4)

Four individuals took part in the evaluation of the app design
backed by the 6S framework; a medical doctor with 10years of
health IT systems experience (E1), a registered nurse with =7 years
of experience (E2), a medically trained patient effectiveness advisor
with 2 years of experience (E3) and an UX/UI designer with 4years

of experience (E4). Table 3 shows the evaluation criteria for the app
design and the evaluation outcome. Six tasks were given to each
evaluator (E1-E4) (one task from each main screen), and feedback/
outcome was collected in real-time based on the ‘Standard App
Navigation Required’ (Table 3) compared with the actual navigation.

Table 4: Details the evaluator analysis and outcomes for six-screen tasks for accuracy, time for each task and satisfaction.

Task Evaluator Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Average

E1 100 100 100 100 100 100 100

Accuracy (%) E2 100 100 100 100 100 100 100
E3 100 100 80 100 100 100 97
E4 100 80 80 100 100 100 94
E1 60 150 45 122 10 48 72.5
E2 75 166 55 119 10 65 81.6

Time (sec)
E3 50 195 50 126 10 35 77.6
E4 90 202 60 136 10 40 89.6
E1l 1 1 1 1 1 1 1
E2 1 2 1 1 1 1 1.16
Satisfaction (1-7)*

E3 1 2 2 2 1 1 1.5
E4 1 2 3 1 1 1 1.5

*Satisfaction rating was based on a standard 7-point scale where 1=very satisfied and 7=not satisfied (extreme, moderate
and slight options for satisfaction and dis-satisfaction with a neutral option as well)

Screen-specific tasks were created in collaboration with the
wider user group to test the 6S app framework efficiency when
used by the real users. The unique feature and strength of this
research were the involvement and engagement of clinicians in the
app design from the early stages. Information viewing was found to

be slightly confusing for screen iii (E3 and E4) due to the font and
information format. Table 4 shows the evaluation criteria for the
proposed app. The average accuracy of completing a given task was
recorded as 97% (100% accuracy is achieved if the user completed
all six tasks), time taken for each task was on average 7.5s (when
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compared to 6.6 seconds by an expert) and the overall navigation
was termed as ‘easy to understand’ on a scale of 0-5 (O=very
difficult, 1=difficult, 2=Neutral, 3=Good, 4=easy to understand and
S5=very easy).

Scenario-based evaluation

We selected the below two acute care settings scenarios to
validate the proposed 6S framework and to confirm the utilization
of six screens design for clinician’s workflow to respond to each of
the below cases.

In the below scenarios, we assumed a 6S framework-based
mHealth application to collect bedside vital signs, calculate and
identify risk and some decision support activities.

Nurse-as-a-user-monitoring older adult’s vital signs
at the patient’s bedside

Scenario: Mr. A. is an 89-year-old man who is fatigued, unwell
and worried about small details. Mr. A. was admitted to hospital with
a possible lower respiratory infection and congestive heart failure.
Over the next two days, Mr. A’s vital signs need to be monitored by
the duty nurse so that any deterioration can be alerted in real-time
for prompt action [11-13].

In the above scenario, the nurse could monitor Mr. A’s vital
signs using the proposed app design framework, using a step-by-
step nurse workflow as described below.

Screen I: Nurse’s first-time registration as an app user (one-off
only) applies;

Screen II: Select the patient (Mr. A);
Screen III: Nurse can check current vital signs;

Screen [V: Nurse can fill any standard assessment form or risk
score based on the patient’s treatment protocol;

Screen V: Add clinical notes for any significant changes;

Screen VI: Nurse can make a call, text message, video call, or
email an on-duty consultant or lead nurse for further consultation.

Doctor-as-a-user-treatment plan for a post-surgical patient
using clinical decision support

Scenario: Patient B is a male aged 47years who arrived in the
post-surgical care unit after successful hip and head surgery. Patient
B’s vitals were not stable during the operation, and consequently,
the surgeon requested repeated assessment of vital signs every
15minutes for two hours.

The nurse noticed changes in the oxygen saturation and pulse
and notified the on-duty doctor of the changes in Patient B’s status.
The doctor could use the app to see Patient B’s vital history, recently
completed warning scores, assessments and also search evidence-
based medical databases for further insights into the patient B’s
clinical status. A step-by-step workflow using the proposed app
framework for the doctor is described below:

Screen [: Doctor’s first-time registration as an app user (one-off
only), doctor can login into the app using the registration details;

Screen II: Confirm patient first name, last name and select the
patient (Patient B);

Screen III: Check and analyses recent vital signs as well as
historic data;

Screen IV: Add clinical notes for the next on-duty nurse;

Screen V: Check clinical assessment scores (e.g. early warning
score) and also link to an evidence-based knowledge-base for
possible conditions, care plans and treatment pathways;

Screen VI: Email or text message recent vital signs to a heart
specialist. A video teleconference call to a heart specialist for quick
consultation is possible.

The proposed app design framework was evaluated using the
best-practice guidelines for a successful healthcare mobile app
[6]. The criteria included user engagement and standard design
architecture for medical device integration [6]. The proposed app
framework demonstrated the ease of use of the screens for the
clinicians in real-world clinical settings.

Discussion and Conclusion

Apps are being rapidly developed and marketed with little end-
user feedback, and many are quickly disappearing from the mobile
marketplace [14-17]. It is critical that mobile healthcare apps meet
user expectations if there is to be a wider adoption of mHealth apps
in clinical care settings.

We proposed a 6S framework for use by clinicians in an acute
care setting to enable patient monitoring of vital signs and clinical
decision support. The framework suggests four to six screens
are required for a patient monitoring app for its optimal use by
clinicians, justified from the literature review and similar apps
available on the market (Table 1).

Some of the critical areas covered in this research are:

A.  Clinician-cantered mobile app design and development of
a framework for clinician-as-a-user; and

B.  Clinical engagement from the early design phase.
This research examined two areas;

A.  How to provide the best user experience for the clinicians
when it comes to using the mobile healthcare app during their
daily routine and

B. How advances in such technology could ensure diagnostic
accuracy, prompt intervention and optimum quality of
healthcare delivery could be achieved [18].

The evaluators in this study were drawn from a pool of
individuals who had participated in similar research on a previous
occasion and had experience in mHealth apps. Our findings are also
limited because only so much can be determined from evaluation
of an interactive design prototype for a mobile app design (not the
actual developed app). Future research is needed to understand the
effectiveness of this app design and other mHealth tools developed
using the 6S framework or similar approach. Additional user could
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be used for evaluation of the screen workflows and more extensive
usage and outcome data needs to be collected to enable cost/benefit
analyses that would further validate this approach for developing
mHealth apps [19-22].

Clinical information such as electronic medical records,
nursing communication tools and personal health records need
to be connected to the broader healthcare delivery ecosystems for
efficient clinical outcomes. Smartphone-based patient monitoring
(vital signs) and clinical decision support apps could be seen as
potential standard/best practice tools that will enable clinicians
to deliver better and more accurate health outcomes. The design,
implementation and evaluation of these technologies require
rigorous and systematic workflow methodologies. The clinician-
orientated workflow methodology and the available automated
tool can assist researchers with collecting data that can significantly
help in future decision making [20-23].

However, information on literacy, education or cognitive
functioning of the evaluators was not collected. Variability in each
of these factors is likely to affect the participant’s use of mobile
technology and should be included in the future work.
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