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Codesign and Usability Testing of a Mobile
Application to Support Family-Delivered
Enteral Tube Care
Christie F. Cheng, BA,a Nicole E. Werner, PhD,b,c Nadia Doutcheva, MS,b Gemma Warner, MSSW,a Hanna J. Barton, MS,b Michelle M. Kelly, MD, MS,a,c

Mary L. Ehlenbach, MD,a Teresa Wagner, RN,d Sara Finesilver, BA,a Barbara J. Katz, BA,e Carrie Nacht, MPH,a Ryan J. Coller, MD, MPHa

A B S T R A C T BACKGROUND: Enteral tubes are prevalent among children with medical complexity (CMC), and complications
can lead to costly health care use. Our objective was to design and test the usability of a mobile application (app) to
support family-delivered enteral tube care.

METHODS: Human-centered design methods (affinity diagramming, persona development, and software development)
were applied with family caregivers of CMC to develop a prototype. During 3 waves of usability testing with design
refinement between waves, screen capture software collected user-app interactions and inductive content analysis of
narrative feedback identified areas for design improvement. The National Aeronautics and Space Administration Task
Load Index and the System Usability Scale quantified mental workload and ease of use.

RESULTS: Design participants identified core app functions, including displaying care routines, reminders, tracking
inventory and health data, caregiver communication, and troubleshooting. Usability testing participants were 80%
non-Hispanic white, 28% lived in rural settings, and 20% had not completed high school. Median years providing
enteral care was 2 (range 1–14). Design iterations improved app function, simplification, and user experience. The
mean System Usability Scale score was 76, indicating above-average usability. National Aeronautics and Space
Administration Task Load Index revealed low mental demand, frustration, and effort. All 14 participants reported that
they would recommend the app, and that the app would help with organization, communication, and caregiver
transitions.

CONCLUSIONS: Using a human-centered codesign process, we created a highly usable mobile application to
support enteral tube caregiving at home. Future work involves evaluating the feasibility of longitudinal use and
effectiveness in improving self-efficacy and reduce device complications.
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Children with medical complexity (CMC)
often have chronic conditions requiring
medical devices to assist or replace
impaired body functions.1 One of the
most frequently used devices by CMC is
an enteral tube (eg, gastrostomy,
gastrojejunostomy) to deliver nutrition,
hydration, and medications.2 Many family
caregivers report they are underprepared
and undersupported to deliver enteral care
at home.3–5 Beyond the device itself, enteral
care requires families to manage supply
inventory, nutrition routines, and medication
administration; coordinate information
transfer among different caregivers and
longitudinal clinical appointments; and
troubleshoot tube complications.6,7 Although
enteral tubes provide life-sustaining
treatment, they simultaneously introduce
care demands that can influence family
outcomes, such as increased care burden,
social isolation, stigma, and loss of
normalcy.3–5,8–10

The complex nature of enteral tube care also
introduces complication risk. Complications
include stomal problems (skin and mucosal
irritation, infections, bleeding, etc); tube
breakage, leakage, obstruction, and
dislodgement; and errors related to nutrition,
hydration, or medication delivery, any of which
can lead to potentially avoidable emergency
department (ED) visits and/or hospitalizations.11

As such, enteral tube complications can make
up a sizable proportion of overall ED and
hospital use experienced by CMC.2,12

Mobile health (mHealth) and mobile
applications (apps) have the potential to
support CMC enteral tube care, prevent
complications, and improve child and family
outcomes by serving as a portable resource
and organizational tool to improve
collaborative symptom tracking, monitoring,
and management of chronic conditions and
improve caregiver communication.13–15

Although apps to support caregiving exist,
most are designed to support patients with
less complex conditions (eg, asthma,
diabetes), and their impact on health
outcomes is poorly understood.16–18 Our
objective for this study was to use human-
centered design to create and test the
usability of a mobile app to support family-
delivered enteral tube care for CMC at home.

METHODS
Setting and Sample

Our study population included family
caregivers of CMC who used enteral tubes
and were enrolled in the Pediatric Complex
Care Program (PCCP) at a tertiary academic
children’s hospital in the Midwest. The PCCP
provides outpatient and inpatient medical
management and care coordination for CMC
who have chronic conditions affecting
$3 organ systems, who receive ongoing
care from $3 medical or surgical
specialists, and who experienced either
$5 days of hospitalization or $10 specialty
clinic visits in the year before referral. The
PCCP team includes general pediatricians,
advanced practice providers, registered
nurses, care coordinators, nutritionists, and
a social worker. The team provides inpatient
and outpatient care, 24 hour/day availability,
and comprehensive care planning to
enrolled CMC.

Participants were English-speaking family
caregivers of CMC enrolled in the PCCP who
were at least 18 years of age, cared for a
child with an enteral tube, and lived within
1 hour of the institution. Purposive
recruitment was used to enroll participants
with varying education levels, urban and
rural households, and duration of
experience of caring for a child with an
enteral tube. Families participating in
codesign sessions were different from those
participating in usability testing. A
schematic of the study activities is provided
in Fig 1. This study was approved by the
university’s institutional review board.

Overview

We used a 2-stage process to design the
app. In the first stage, we conducted a
participatory codesign process19–27 in which
we collaborated with family caregivers to
design and develop the app prototype. Next,
we conducted 3 waves of usability testing to
further refine the prototype. We describe
each of these stages in detail in the
following sections.

Codesign Sessions: Data Collection
and Analysis

Four codesign sessions with family
caregivers were conducted at 2- to 3-week
intervals, with research team meetings

after each codesign session. Research team
members (N 5 8) included 3 human-
centered design experts, a PCCP nurse,
2 PCCP pediatricians, a professional family
advocate for CMC, and a parent of a CMC.
The research team’s role was to facilitate
codesign sessions, synthesize ideas
proposed by the design session
participants, and create digital mock-ups of
the app for discussion. At each codesign
session, 2 research team members
facilitated discussion and activities. The first
codesign session involved a discussion of
the broad vision of the app,28 the reason for
focusing on enteral care; preliminary
results from previously conducted in-home
interviews with family caregivers of CMC;
and an enteral care support needs
assessment previously completed with PCCP
family caregivers. The sessions began with
participants identifying the overall purpose
of the app, followed by discussion and
affinity diagramming to identify the core
app functions. Subsequent codesign
sessions were focused on identifying and
describing the app user groups and the
desired interface features.

Codesign session data included Post-it
Note groupings generated by family
caregiver participants during session
activities, session audio recordings,
research team observation notes, design
participant notes, and paper prototypes.
The human-centered design experts
analyzed data during and between sessions
(eg, affinity diagramming) such that each
subsequent session built on the findings
from the previous session. For example,
paper prototypes created by participants in
session 2 were transformed into
wireframes (ie, digital designs synthesizing
the paper prototypes) between sessions.
These wireframes were then discussed in
codesign session 3. We used personas29,30 to
define and iteratively refine user groups
from codesign session discussions.
Consensus-seeking discussion of the data
with the research team helped finalize the
overall app purpose, functions, and system
requirements (Fig 2, Supplemental Fig 4).
On the basis of these results, a fully
functioning app prototype was built by a
third-party app developer for usability
testing and iterative refinement.
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Usability Testing

Data Collection

Family caregivers participated in 3 waves of
usability testing on iPads, with prototype
design refinement occurring between
waves. Although we could conduct usability
on any device (phone, computer, tablet), we
chose a department-owned iPad to keep the
technology experience consistent across
participants and to enable screen
recording.

A subset of the 14 caregivers participated in
each wave of testing, with later waves

containing a larger number of participants.
Testing sessions lasted 2 hours, involved a
single caregiver, and were facilitated by
2 research team members. We used task-
based protocols to measure the performance
of each prototype function, and screen
capture software collected on-screen gestures
for the performance analysis. Across the
3 waves, we focused on tasks that
represented key app functionality, such as
account creation and login, adding users to
the app, adding and updating care routines
and nutrition information, and communicating
through the note function.

For each session, the participant was
provided minimal overview of the app
before beginning testing, advised that the
facilitators would be taking notes but not
providing any assistance, and then
prompted to begin the tasks. To ensure
privacy, all participants were provided
fictional child information and data to use
during testing sessions. The fictional child
data were developed by using codesign
session information and research team
input to ensure that the description and
data accurately represented CMC who use
enteral tubes. If needed, additional tasks
were added during testing waves to reflect
feature or functionality refinement. The
narrative feedback portion began with
participants commenting broadly on their
experience using the app. Participants then
responded to prompts (including describing
areas of confusion or frustration, desired
features not in the app, whether they would
use the app or recommend it to a friend,
and how they see the app assisting
caregiving) and provided additional
suggestions for refinement.

After testing and feedback sessions, we
administered the System Usability Scale
(SUS) and National Aeronautics and Space
Administration Task Load Index (NASA TLX)
to quantify participant experience of ease of
use and mental workload of the entire app
experience, respectively. The SUS evaluates
ease of use (ie, usability) by posing a series
of 10 statements suggesting high usability
(“I think that I would like to use this app
frequently” or “I thought this app was easy
to use”) and low usability (“I thought there
was too much inconsistency in this app” or
“I found this app unnecessarily complex”).
Participants rated the degree to which they
agreed or disagreed with each statement,
which was then represented as a numerical
score from 1 to 5. Individual participant
SUS scores were then combined and
transformed to calculate an overall usability
score, which could range from 0 to 100. High
scores represent high usability, whereas
low scores represent low usability. The NASA
TLX evaluates mental workload on the basis
of 6 dimensions: mental demand, physical
demand, performance, effort, and
frustration. Each component was rated by
participants on a scale of 0 (low workload)

FIGURE 1 Sequence of study activities to design and test an enteral tube caregiving app.

FIGURE 2 Parent design concept and corresponding enteral tube caregiving app screenshot. GT,
gastrostomy tube.
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to 100 (high workload) and then averaged to
produce an overall score.

Data Analysis

Using screen capture software, we
calculated time on task for each task
performed and the total number of
prolonged pauses (eg, .10 seconds),
indicating a participant’s progress had
halted. Narrative feedback was inductively
analyzed to identify areas of confusion,
opportunities for refinement, and potential
benefits of the app. Between testing waves,
participant performance, narrative
feedback, and facilitator notes were
qualitatively synthesized by using a team-
based consensus approach to identify areas
for refinement, such as function layout and
ease of use. Refinement data were then
incorporated into app development
continuously throughout the study. SUS and
NASA TLX scores were summarized with
descriptive statistics.

RESULTS
Codesign Sessions Results

Codesign session participants (N 5 5) were
60% women who provided enteral care for a
mean of 5 (range 1–13) years.

Overall Purpose of the App

Design session participants determined that
the app’s overall purpose was to centralize
and coordinate all aspects of enteral tube
care, such as daily routines, medications
and dosages, inventory, relevant data logs,
individuals involved in enteral tube care,
and tube troubleshooting. Participants
identified facilitating communication among
different caregivers and caregiver handoffs
as key to the app’s overall functionality.

Target User Groups and Personas

Target users of the app included all
individuals who provided care to the child in
the home and community. Examples
included family members, home health
aides, and school nurses. Although the
clinical team was not considered an app
user, per se, family caregivers envisioned
sharing exported data with their child’s
clinicians. Participants also pointed to the
possibility of CMC themselves using a future
version of the app. User personas (Fig 3)
were created for each user group,

highlighting goals of use and current pain
points. Personas were used to guide the
design of system requirements to account
for the spectrum of enteral care
experiences and personal user goals,
including customizability to appropriately
support each caregiver.

Functions and System Requirements

Design session participants identified 9 key
system requirements (Table 1): (1) a
homepage where caregivers could view a
synthesized summary of upcoming cares,
view relevant alerts, and view or create
handoff notes; (2) a child profile to indicate
key information about the child and their
tube; (3) network management to view and
manage other app users; (4) a nutrition
plan in which the child’s hydration and
calorie goals, formula or recipe information,
and sick day plans could be housed; (5) a
care routines function to organize cares by
time of day, to detail specific instructions
(eg, food mixing or tube flushing
instructions), to mark cares as completed,
and to receive reminders about missed
cares; (6) an inventory management
function to track medical equipment (eg,
syringes, tubing, food and formula,
medications) and set reminders to reorder
supplies or change the tube; (7) a tracking
function to monitor clinical indicators over
time; (8) crisis planning with directions on
handling tube-related emergencies; and (9)
general information and troubleshooting
about enteral care and addressing common
tube problems.

Usability Testing Results

Usability testing participants (N 5 14) were
primarily women (86%), 93% white, and 7%
non-Hispanic African American. More than
one-quarter (28%) lived in rural settings.
Participants provided enteral care for a
mean of 2 (range 1–14) years (Table 2).
These family caregivers were different from
those participating in codesign sessions.

Task Performance

Time on tasks varied across usability
participants, but the average time on tasks
decreased across waves (Table 3). For some
tasks, such as adding a new food, app
refinement between waves resulted in
shorter times to complete the task in

subsequent waves. For others, such as
adding a medication to the inventory or
setting up routines, the time on task was
relatively stable. The overall number of
pauses during tasks decreased across
waves, suggesting usability improvements
(Table 3).

Narrative Feedback

Common themes included perceived
benefits of the app, such as providing
flexibility to manage time and cares, as well
as confidence and peace of mind in terms of
teaching and providing other caregivers
with essential information regarding the
child. Participants also felt that the app
could facilitate care transitions by
supporting intercaregiver communication
and accurate documentation of cares.
Additional perceived benefits included
simplification and consolidation of routines
into 1 accessible location and reduction of
human errors, such as missed or duplicate
medication administrations. Participants
also appreciated the incorporation of child-
centered language, supporting the child as
a person and not a diagnosis. Areas
identified for refinement included enhancing
data tracking features and building a data
export feature, organizing notes,
personalizing the child profile to customize
the information displayed, and including a
list of community resources available to
caregivers to support their child and family
(Table 4). All usability participants reported
that they would recommend the app to a
friend, and 78.5% reported that they would
use the app in its current state. Of those
who reported that they would not use the
app in its current state, 1 participant
said they would use it only for certain
circumstances, such as care handoffs.
Others reported that they would have used
the app if they had it when their child first
got an enteral tube.

Usability and Mental Workload

The average SUS scores, presented as mean
(range), were as follows: wave 1, 72.5
(70.0–75.0); wave 2, 76.1 (62.5–92.5); and
wave 3, 76.0 (60.0–100.0). An SUS score of
70 indicates average usability,31 and a score
of ∼75 is comparable with that of Microsoft
PowerPoint, Microsoft Word, and Nintendo
Wii.32 The average NASA TLX scores,
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presented as mean (range), were as
follows: wave 1, 33.8 (29.2–38.3); wave 2,
23.8 (5.0–37.5); and wave 3, 31.7 (20.8–46.7);
these scores indicated an overall low
mental workload required to use the app
(Table 5).

DISCUSSION

Using a human-centered, iterative
codesign process, family caregivers
created a highly usable app to support
enteral tube caregiving at home. Although
we focused on enteral tube care, it was
striking that the system requirements
were expansive and extended naturally
beyond enteral care. An important
implication is that despite rationally
attempting to design interventions to
support caregivers of CMC by focusing on

feasible and discrete processes (eg,
enteral tube care), it is unclear whether
that can realistically be accomplished. For
example, families readily considered
enteral care routines and inventory
management to account for all caregiving
routines, supplies, and medications. From
the perspective of family caregivers,
focusing on a single aspect of care may be
difficult without considering its relation to
most, if not all, other aspects of
caregiving. This observation is consistent
with a recent study in which the authors
concluded that existing apps may target
management of one condition or disease,
yet the reality of multisystem health
problems requires technology that can
holistically manage and track all
conditions.33

The diversity of user personas identified
during codesign sessions illustrates the
demand placed on family caregivers to
coordinate care delivery across diverse
caregiver experiences and needs. This
further underscores the likely necessity
for mHealth solutions for CMC caregivers
to maintain a comprehensive approach.
Accounting for the interrelated nature of
CMC caregiving tasks and diverse users
poses unique challenges and opportunities.
Ongoing mHealth design work should
acknowledge that (1) caregiving needs may
be incompletely met if related caregiving
tasks are not simultaneously addressed,
(2) mHealth adoption is likely to be
influenced by the ability to design to
meet the needs of all user groups, and
(3) sustained use may suffer if the app
is too narrow or offers only limited self-
management support.34

Family identification of the app’s primary
purpose to centralize and coordinate their
enteral tube care highlights this as an
important unmet need, which we
hypothesize directly influences key health
outcomes.12 For example, previously
described enteral tube caregiving
challenges include heightened anxiety,
isolation, family strain, and financial
distress, among others.3–5,8–10 Because family
caregivers described the app’s potential to
decrease caregiving workload, reduce care
delivery errors, and improve quality of life,
future efficacy studies should be conducted
to assess the app’s ability to influence these
specific outcomes. We also suspect that
unmet needs explains how enteral tube
complications can drive a sizable
proportion of CMC ED and hospital use.12 If
this app succeeds in meeting caregivers’
unmet needs, it is plausible to expect
these outcomes to improve. In one of few
pediatric chronic illness studies examining
the influence of app use on health services
use, the asthma self-management app by
Nkoy et al35 was associated with
improvements in quality of life, asthma
control, and missed school or work and also
reduced ED and hospital use. In addition, a
recent meta-analysis highlights the promise
of pediatric mHealth interventions to
positively influence a wide array of child
and family outcomes.36

FIGURE 3 User personas emerging through enteral tube caregiving app codesign sessions.
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A small number of studies have highlighted
the potential for mobile technology to
enhance CMC care. For example, shared
care plans can facilitate communication
among care providers and family
caregivers.37,38 High degrees of usability and
personalization are important for sustained
engagement with apps that track chronic
disease.39,40 Desai et al41 recently described
design requirements for cloud-based

shared care plans for CMC. Despite
differences in scope, our studies have
several similarities, including the need for
cloud-based accessibility, alerts,
collaboration among multiple users, and
tailoring to the specific user. Hilliard et al42

explored user preferences and design
recommendations for a self-management
app for people with cystic fibrosis (CF).
Consistent with our results, they

underscored the value of involving
individuals with CF at all design stages and
emphasized the desire for multiple (rather
than single) functions, specification to CF,
minimal user burden, automation of self-
management, and customization to user
needs.

Notably, family caregivers prioritized the
functions described in this study higher
than facilitating communication directly
with their clinical team, which differs from
some studies.42,43 In another study exploring
design requirements for mHealth CMC home
monitoring, families identified real-time and
direct access to the health care team as
essential.44 One reason for this distinction
may be that the home monitoring design
work was linked more directly toward
preventing ED or hospital visits, whereas
our app’s primary objective was to support
enteral tube care delivery at home (and we
hypothesize that this will prevent ED visits
and hospitalizations). If we had framed our
objective differently, families may have
prioritized direct clinical access higher. We
also speculate that lower priority for direct
ties to the clinical team could reflect their
desire for privacy or their perception of
limited clinician availability or that
alternatives, such as electronic patient
portals, already meet this need. Because
these children were enrolled in a complex
care program, it is possible that their
caregivers feel they have unique access to
their clinical team. Family caregivers did
identify the value of connecting the app data
to the electronic health record and
exporting information from the app into a
shareable format for their clinical teams,
perhaps reflecting their interest in
transparency while still controlling the
manner and tempo at which information is
shared. In future research, it would be
useful to evaluate how families use the app
to transfer information among themselves
and their inpatient and outpatient
providers.

This work is a first step in a broader effort
to design a platform to support caregiving
for CMC at home. The next steps include
conducting feasibility studies in which
families are given the app to use
longitudinally in their typical caregiving

TABLE 2 Usability Testing Participant Characteristics

N 5 14

Women, % 86

Age, median (range), y 38 (28–50)

Parent race and ethnicity, %

White, non-Hispanic 93

African American, non-Hispanic 7

Child race and ethnicity, %

White, non-Hispanic 86

African American, non-Hispanic 7

Hispanic 7

Urban or rural, %

Urban 72

Rural 28

Primary insurance of CMC, %

Public 100

Private 0

Highest education, %

High school degree or GED 21

Some college 7

Associate degree 21

Apprenticeship or technical college 7

College or graduate degree 44

Enteral tube caregiving duration, median (range), y 2 (1–14)

GED, general equivalency diploma.

TABLE 3 Task Completion, Mental Workload, and Ease of Use During App Usability Testing: Task
Completion and Pauses

Example Tasks Time on Task, Mean (Range), min

Wave 1 (n 5 2) Wave 2 (n 5 7) Wave 3 (n 5 5)

Create an account 7.0 (6.1–7.8) 3.3 (1.5–4.3) 2.4 (1.2–3.0)

Child profile, complete setup 3.3 (3.2–3.4) 2.3 (1.2–3.5) 0.7 (0.4–1.1)

Nutrition plan, add a new food 6.8 (6.1–7.4) 3.5 (1.1–7.4) 3.8 (2.1–5.5)

Routines, setup 1.7 (1.2–2.1) 2.4 (0.3–4.6) 1.8 (0.5–4.0)

Routines, add a new medicine 1.6 (1.5–1.6) 2.0 (0.5–3.0) 3.1 (1.3–5.5)

Inventory, add a new medicine 3.7 (2.5–4.9) 3.5 (1.7–6.2) 4.0 (3.0–5.1)

Add a note 0.8 (0.5–1.1) 0.7 (0.1–2.5) 0.4 (0.2–0.5)

Pauses .10 s 10.5 (9–12) 5.8 (2–17) 4.5 (0–13)
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setting. After further refinement of the app’s
features and after introducing a capacity for

electronic health record integration, we will

adapt the platform to address high-priority

challenges identified by CMC families (eg,

care for other devices and diagnoses).

Our findings should be interpreted with
certain limitations in mind. The study took

place within a complex care program at a
single institution; thus, family caregiver
perceptions may not be generalizable to
other settings. Although recruitment was
diverse in many respects (education,
rurality, duration of care for an enteral
tube), participants were predominantly non-
Hispanic white mothers. Refining this work
with participants from different

backgrounds and caregiving roles is a focus
of future work and has the potential to
increase generalizability. This app was
designed as a prototype, and we were
unable to develop all levels of possible
functionality. Finally, this study’s focus was
inherently on design and usability, and we
did not evaluate longitudinal use of the app
or the influence of its use on outcomes.

Despite these limitations, in our study, we
describe the broad unmet care coordination
and communication needs of family
caregivers delivering enteral tube care to
CMC. Through a user-centered design
process aimed at addressing those needs,
we developed an app prototype that
integrates a broad set of functions, is highly
usable, and requires a low mental
workload. This technology is now poised for
longitudinal use and efficacy testing to
improve family caregiver self-efficacy and
CMC health outcomes, including reductions
in enteral tube complications and
preventable hospitalizations. If successful,
we envision this app to be a scalable and
adaptable platform to holistically support
CMC caregiving at home.
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