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Abstract

Background: Helping Babies Breathe (HBB) is a life-saving program that has helped reduce neonatal morbidity and
mortality, but knowledge and skills retention after training remains a significant challenge for sustainability of impact.
User-centred design (UCD) can be used to develop solutions to target knowledge and skills maintenance.

Methods: We applied a process of UCD beginning with understanding the facilitators of, and barriers to, learning
and retaining HBB knowledge and skills. HBB Master Trainers and frontline HBB providers participated in a series of
focus group discussions (FGDs) to uncover the processes of skills acquisition and maintenance to develop a mobile
application called “HBB Prompt”. Themes derived from each FGD were identified and implications for development
of the HBB Prompt app were explored, including feasibility of incorporating strategies into the format of an app. Data
analysis took place after each iteration in Phase 1 to incorporate feedback and improve subsequent versions of HBB
Prompt.

Results: Six HBB trainers and seven frontline HBB providers participated in a series of FGDs in Phase 1 of this study.
Common themes included lack of motivation to practise, improving confidence in ventilation skills, ability to achieve
the Golden Minute, fear of forgetting knowledge or skills, importance of feedback, and peer-to-peer learning. Themes
identified that were not feasible to address pertained to health system challenges. Feedback about HBB Prompt was
generally positive. Based on initial and iterative feedback, HBB Prompt was created with four primary functions: Train-
ing Mode, Simulation Mode, Quizzes, and Dashboard/Scoreboard.

Conclusions: Developing HBB Prompt with UCD to help improve knowledge and skills retention was feasible and
revealed key concepts, including drivers for successes and challenges faced for learning and maintaining HBB skills.
HBB Prompt will be piloted in Phase 2 of this study, where knowledge and skills retention after HBB training will be
compared between an intervention group with HBB Prompt and a control group without the app.

Trial registration Clinicaltrials.gov (NCT03577054). Retrospectively registered July 5, 2018, https://clinicaltrials.gov/ct2/
show/study/NCT03577054.
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Background

Despite a significant reduction in global neonatal mortal-
ity from 1990 through 2018, approximately 2.5 million
newborns die annually. These newborn deaths represent
nearly half of the 5.3 million children under five who die
each year [1]. The proportion of newborns who contrib-
ute to under-five mortality has been growing and the gap
between reduction of childhood and infant mortality is
rising. This is because strategies for newborn mortality
reduction are challenging to implement [2]. The top three
causes of newborn deaths continue to be prematurity,
intrapartum-related events, and infection [2]. Approxi-
mately 10% of babies require help after birth in high-
resource settings, compared with 15% in low-resource
settings [3, 4]. Skilled personnel who can resuscitate
babies immediately after delivery save lives [5, 6]. Stand-
ardized training through the Helping Babies Breathe
(HBB) program has been shown to improve newborn
resuscitation skills [7, 8].

The HBB curriculum, currently in its second edition
(HBB 2.0), was designed to train frontline health pro-
viders in low-resource settings to provide life-saving
interventions for newborns [9]. HBB has been taught in
over 80 countries and has been shown to reduce neona-
tal mortality and morbidity [10]. HBB training materi-
als are standardized with a flowchart that illustrates the
steps in the HBB algorithm, accompanied by a facilitator
flip chart that provides all the teaching prompts for HBB
workshop delivery. The training program emphasizes
the practice of individual steps, key skills, and integra-
tion of skills into the delivery setting through simulation.
Hlustrations and a green-yellow—red colour scheme are
used to visually guide providers through the HBB algo-
rithm. In Uganda, the HBB program has been deployed
with the help of international health implementing part-
ners in collaboration with the Ministry of Health due
to the relatively high costs of HBB training [11]. One of
the most essential skills HBB teaches is how to ventilate
a newborn struggling to breathe, and to start doing so
within one minute after birth, referred to as the Golden
Minute. Skills deterioration after initial training is a sig-
nificant barrier to sustained impact of programs like HBB
[12]. Low dose high frequency (LDHF) practice, use of
simulation, refresher training, and supportive supervi-
sion are strategies that help reduce the decay of skills
over time [13—17]. However, implementing initial train-
ing, refresher training, and supportive supervision are
all costly and resource intensive, particularly in settings

where births occur at smaller facilities in rural commu-
nities spread out over a large geographic region [11].
Since 2010, the Ugandan Ministry of Health alongside
implementing partners have been scaling up training for
healthcare workers who look after newborns across the
country using the HBB program. As of 2014, HBB was
offered in more than 40% of health facilities [18].

Mobile health solutions have been increasingly popular
as smart devices are ubiquitous. Their rate of ownership
in low- and middle-income countries has grown expo-
nentially, with over 5 billion unique users worldwide in
2019 [19], making it especially attractive when designing
solutions aiming to reach large audiences [20]. In 2018,
there were 19.8 million unique mobile phone users in
Uganda, with half of these subscribers using the inter-
net on their mobile phones [21]. This represents mobile
internet penetration in 23% of the population. Of these
users, only 16% had a smart phone compared with the
average of 30% of users having smart phones in Sub-
Saharan Africa [21]. Mobile applications have been tested
in numerous settings within healthcare and medical edu-
cation with varying success. Thoughtful development to
optimize usability and utility for the target population is
important [22-24]. Design processes with iterative pro-
totyping have been successfully used to develop mobile
apps for various purposes, such as supporting lifestyle
interventions for cardiovascular health [25], clinical
decision-making for osteoporosis treatment [26], and
self-management for dementia patients [27]. Apps tar-
geted towards newborn health [28-34] have been cre-
ated and evaluated previously, some employing UCD, but
none have informed their design by exploring the cogni-
tive processes of learning newborn resuscitation skills.
Understanding the underlying preferences, perceptions,
facilitators and barriers that drive behaviours can help
tailor the development of features and functions of apps
[25, 35, 36]. Applying UCD and assessing human factors
during the development of a mobile app can enhance
user experience and increase the effectiveness of the tool.

In this paper we describe the UCD process of the devel-
opment a mobile app (HBB Prompt) to improve knowl-
edge and skills retention after initial HBB training.

Methods

Study overview

The study was conducted at Mbarara University of Sci-
ence and Technology (MUST) in southwestern Uganda.
This article describes Phase 1, the development of HBB
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Prompt. More details regarding the entire study can be
found in the protocol paper [37]. Further details includ-
ing the focus group discussion (FGD) guides for Phase 1
can be found in Additional file 1 and Additional file 2.

Objectives

The overall objectives of the study were to apply a UCD
framework to develop a mobile app to enhance HBB
knowledge and skills maintenance (Phase 1) and to test
its effectiveness in a pilot setting (Phase 2). The objective
of Phase la of the study was to understand the facilita-
tors and barriers to learning and maintaining HBB skills
for providers with varying levels of experience with
newborn resuscitation. Information from Phase la was
incorporated into modifications of HBB Prompt version
0 (v0) to create version 1 (v1), which was used in Phase
1b UCD testing. Subsequently, the objective for Phase
1b was to evaluate how HBB Prompt v1 does or does not
meet the needs of HBB users and how it could be feasibly
improved prior to pilot testing in Phase 2 of this study.
See Fig. 1.

Participant recruitment

Participants for Phase 1 were recruited by letter from
a register of previously HBB-trained healthcare work-
ers who reside and care for newborns in southwestern
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Uganda. Participants who responded and who were able
to attend the scheduled FGD sessions were included in
the study. Inclusion criteria for the first focus group was
any healthcare provider with HBB trainer experience (i.e.
received previous training in HBB and also completed
the HBB Master Trainer Course) allowing them to teach
the HBB curriculum. Inclusion criteria for the second
focus group was frontline providers who had previously
received HBB training.

Phase 1: mobile app development

HBB Prompt v0 development

Study co-investigators collectively used their knowledge
and experience with the HBB program, resuscitation
education, and mobile app development to create foun-
dational features of HBB Prompt v0. In particular, we
sought to leverage strategies that have previously been
shown to improve skills retention, including LDHF prac-
tice, use of simulation, refresher training, and supportive
supervision [10, 38, 39]. This provided a framework for
our two software developers to build features of the app
that we anticipated HBB trainers and providers would
request. The basic functions that were identified as most
important were: training videos and information portal,
self-practice mode and group simulation mode, knowl-
edge assessments, and a practice dashboard.

“/ « HBB trainers (FGD 1)
¢ HBB providers (FGD 2)
* FGDs and exploration of HBB Prompt
¢ Simulations of using HBB Prompt to
facilitate practice of HBB skills
o Specific feedback regarding app
features and functions solicited
¢ Feedback used to make
modifications to existing app

Phase 1a

HBB Prompt vO

-k

Phase 1b

HBB Prompt v1.0 —v1.2

Phase 2
HBB Prompt v2

e HBB trainers (FGD 1)
¢ HBB providers (FGD 2)
¢ Sharing personal experiences
regarding newborn stabilization
¢ Understanding facilitators and barriers
to HBB learning
¢ Building timeline of HBB learning

¢ Co-designing of solutions to address
challenges identified earlier

e Training intervention and control sites
on HBB and ECEB

e Intervention site participants trained on
HBB Prompt

® 6 month skills assessment and FGDs for
feedback on skills maintenance

Fig. 1 Overview of HBB Prompt study. The HBB Prompt study is divided into Phase 1, where there were iterative UCD cycles to develop HBB Prompt
and Phase 2, where the HBB Prompt app will be piloted. During Phase 1, HBB trainers formed one focus group (FGD 1) and HBB providers formed
the second focus group (FGD 2). Each group went through Phase 1a and 1b separately to facilitate UCD of HBB Prompt
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The HBB Prompt app is an Android-based application
that can run on smart devices with an Android Operating
System, Version 4.0.3 and above. The Android platform
was chosen due to lower cost and higher penetration of
Android devices in Uganda and other low- and middle-
income countries. The app was designed using Android
Studio 3.0, an Integrated Development Environment pro-
vided by Google for design and development of Android
apps. HBB Prompt, once installed, does not require inter-
net connectivity; however, when internet connectivity
is detected, it automatically logs usage data to a remote
Linode server, which it maps according to device Inter-
national Mobile Equipment Identity (IMEIs). Usage
data tracked does not require runtime or dangerous
permissions and therefore users do not need to be con-
cerned about access to potentially sensitive data on their
accounts. The app does not have access to audio or video
recording, the camera function, or location data. Usage
data recorded include user identification, date and time
of login, time spent on each page of the app, and scores
on quizzes or simulations. The app is designed to solely
track in-app use, which is intended for education and
practice only and not for direct patient care. The logged
data can later be exported in comma-separated values
(csv) format for further analysis.

Phase 1a

Two separate focus groups underwent the same sequence
of exploratory activities: discussion of personal experi-
ences with newborn resuscitation, facilitators and barri-
ers to learning HBB knowledge and skills, perceptions of
the timeline in acquisition of knowledge and skills, and
generation of ideas on how to maintain and sustain HBB
knowledge and skills. The composition of each focus
group was primarily divided by HBB training experience
so that input could be elicited separately from trainers
(FGD 1) and frontline users (FGD 2) of the HBB curricu-
lum. See Additional file 1 for details.

Phase 1b

The same focus groups were invited back to help co-
design and provide feedback to improve the HBB Prompt
vl. Participants explored the app, simulated use of
the app and provided feedback regarding app content,
interface, navigation, functionality, customizability, and
usability. Two iterations of UCD feedback sessions took
place prior to finalizing the app for Phase 2 pilot testing.
See Additional file 2 for details.

Analysis

FGDs were recorded and thematic analysis was con-
ducted, where investigators independently coded com-
ponents of the transcript to highlight needs and mental
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models of the participants. These independent codes
were aggregated and synthesized in order to uncover
main themes consistent across investigators. After each
iteration, categories and themes were reviewed together
with the software developers to incorporate feasible
improvements to HBB Prompt.

Results

Participants

The first focus group comprised six HBB trainers who
were all physicians and the second focus group com-
prised seven midwives. Table 1 describes the demo-
graphic characteristics of the participants in each FGD,
including level of practical and simulated experience with
newborn care, emergency training, and comfort with
mobile devices.

Phase 1a

Exploring personal experience, facilitators and barriers
Themes that emerged from FGDs are summarized in
Table 2. Important factors that motivated HBB learning
and skills maintenance were supportive supervision and
self-esteem. Additionally, continuing medical education
opportunities, peer-to-peer learning, refresher courses,
and timely feedback were all identified as positive driv-
ers. Barriers identified were lack of equipment and health
system issues such as inadequate transport for escalation
of care.

Timeline of learning HBB and perceptions of what

was difficult to learn and remember

Participants explored the timeline of learning HBB skills
and knowledge, including what was perceived as, and
what was in reality, the most difficult to learn and remem-
ber (Fig. 2). A concern throughout was how to translate
skills from a training environment to real-life scenarios.
Before HBB training, many concerns surrounded learn-
ing about the steps to help a baby breathe and the fear
of not retaining skills. During HBB training, there was
fear of not achieving the Golden Minute. Three months
after training, participants were worried about forgetting
their skills and not effectively debriefing to improve after
a resuscitation.

Co-designing solutions

Prior to being exposed to HBB Prompt v0, participants
were asked to co-design solutions to help learn and main-
tain HBB skills. They identified promoting a safe learning
environment as an important goal. To achieve this, sug-
gestions emphasized the use of audio and visual prompts
and written and video guides to facilitate different ways
of learning. To counteract the inertia to practise, meth-
ods of motivating users were discussed, including setting
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Table 1 Focus group participant demographics and characteristics
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HBB trainers (n=6)

HBB providers (n=7)

Provider type

Years of experience as healthcare provider

Age

Sex

Health district

Ntungamo

Mbarara

Level of Health facility?

Health Centre lll

Health Centre IV

Hospital

Training courses attended

Helping Babies Breathe (HBB)

Essential Care for Every Baby (ECEB)

Essential Care for Small Babies (ECSB)

Helping Mothers Survive—Bleeding after birth

Comprehensive Emergency Maternal and Newborn Care (CEMONC)
Basic Emergency Maternal and Newborn Care (BEMONC)
Emergency Triage and Treatment (ETAT)

Master Trainer for HBB

Experience in last year

Number of births attended where babies not breathing at birth

Simulated deliveries with baby not breathing

Preterm deliveries attended

Simulated preterm deliveries

Deliveries attended in the last month? (at the time of first FGD session)

Ownership of smart device

Comfort with using smart device (Likert scale 1-5)

Medical Officers=2
Medical Specialists =4

<5years=1
5-10years=3
>10years=2

21-30yearsold=1
31-40yearsold=5

Female=4
Male=2

o O O

O A O = N MO O

None=2
1-10=2
11-20=1
>20=1
None=0
1-10=2
11-20=2
>20=2
None=1
1-10=2
11-20=2
>20=1
None=2
1-10=3
11-20=0
>20=1
None=6

Yes=6
No=0

Not comfortable =0

Somewhat comfortable =4

Very comfortable =2

Enrolled Midwife =4
Registered Midwife =3

<5years=0
5-10years=4
>10years=3

21-30yearsold=1
31-40yearsold=5
41-50 yearsold=1

Female=7
Male=0
4

2

1

7

5

4

1

1

1

1

2
None=0
1-10=4
11-20=1
>20=2
None=0
1-10=4
11-20=2
>20=1
None=1
1-10=5
11-20=1
>20=0
None=2
1-10=4
11-20=0
>20=1
None=1
1-10=2
11-20=3
>20=1
Yes=6
No=1

Not comfortable=1

Somewhat comfortable=5

Very comfortable =1

@ Health Centre lllis a local clinic with access to delivery services and inpatient care, Health Centre IV is a small local hospital
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Not being able to achieve
the Golden Minute

How to start a
resuscitation

oo

=
=

=}
o

Not having oxygen source
in real life

How long to ventilate for

Not being able to retain
learnt skills Having to demonstrate
skills they did not yet

Forming a good seal with
ge know

the mask during
ventilation, how to
position the baby

How to apply new skills to
a real baby

>

Being bombarded with
lots of new knowledge

Fig. 2 Insights about the timeline in HBB learning and skills maintenance during Phase 1a. Themes from FGDs with HBB trainers and providers
regarding their thought process in relationship to the timing of HBB training

Fear of consequences of
forgetting what was
learned internally and
externally when evaluated
by supervisors

Not being able to reflect
appropriately how a
resuscitation went and
identify what went well
and what can be improved
and how

3 months after

reminders, promoting champions, having dedicated
group practice sessions, and creating a friendly competi-
tive environment to increase accountability. Participants
also expressed the importance of a community of sup-
port, for example, through a message board or group
chat to review cases and to encourage each other. Sug-
gested mobile app features included information for each
HBB skill (introduction, video demonstration, practice
prompts, scenarios, and if possible, ability to provide
feedback) and the ability to function offline as internet
connectivity can often be unreliable.

Implications on app development

Themes that were not feasible to address using a mobile
app included health system challenges such as lack of
available equipment and transport for escalation of care
for unstable babies. Additionally, due to limited funds to
facilitate real-time internet connectivity of the app, the
reminders, group chat and message board functions were
not implemented. Otherwise, many themes identified in
the FGDs were anticipated by the authors and already
addressed by features in HBB Prompt vO.

Functions and features of the HBB Prompt v0

and modifications based on Phase 1a

Figure 3 shows screen shots of HBB Prompt vl and
Table 3 describes the features of HBB Prompt. Train-
ing mode was designed to demonstrate each step of the
HBB algorithm through videos, aimed as a resource for
refreshing knowledge and skills. In response to concerns
about lack of equipment, a video demonstrating how to
reprocess and maintain equipment was added. Other
feedback from Phase 1a helped inform the video content,
such as breaking down skills into digestible steps and
troubleshooting when effective ventilation is not being
achieved.

Simulation mode was designed to facilitate routine
practice of HBB skills, running through various sce-
narios that emphasize different aspects of resuscita-
tion. Simulation mode was divided into alone mode (for
individual practice) and rater mode (for group prac-
tice or peer-to-peer learning). This feature encourages
and supports LDHF training. Consistent practice and
increased familiarity and confidence in carrying out the
steps of the Golden Minute enable HBB providers to
perform all actions within one minute of a baby’s birth.
To support this, timer prompts were built into simula-
tion mode to facilitate practice of the Golden Minute.
Furthermore, checklists were added at the end of every
simulation to help users debrief what went well and
what could be improved.

The Quizzes and knowledge check section was
designed to help refresh and consolidate knowledge
about the HBB algorithm and rationale for steps in
resuscitation, providing real-time feedback regarding
information retention.

The Scoreboard/Dashboard was created to increase
accountability and motivation, encourage all users to
practise HBB consistently, and foster confidence by dis-
playing personal performance benchmarks.

Phase 1b

Table 4 summarizes the feedback that was received
during Phase 1b and outlines modifications that were
made, where possible, in response to the suggestions
from the FGDs. Feedback about HBB Prompt was gen-
erally positive and navigation was felt to be overall intu-
itive. There were two iterations of Phase 1b (one with
FGD1 and the other with FGD2). After suggestions
were incorporated, the team was satisfied that the HBB
Prompt app was ready for deployment in Phase 2 for
pilot testing.
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ventilation stand at head,

TRANING MODE

Your Simulation Statistics for the Month of February 2020

with ventilation. (1)
\ute without ventilation (0)
itilation with normal or slow heartrate (1)

ii). Recognises not crying O D O ND O DR

OoOnQOor
OopoOnN Oor
ObpOnNnOor

Exercise: Routine care

OboOn Oor

OoOn Oor

ObOnN OoR
OoOnOor

Click 'start now on top!

- I

SIMULATION MODE

February 2020

)

Fig. 3 HBB Prompt v1.0 screenshots. a different scenarios users can choose from in Simulation Mode. b Performance checklist that appears once a
simulation is complete. ¢ Beginning of a simulation. Note the two countdown timers from the time the simulation begins and the time when the

Discussion

In Phase 1 of this study, we applied a UCD framework
and engaged a group of HBB trainers and provid-
ers to develop a mobile app, HBB Prompt, to improve

knowledge and skills retention after initial HBB train-
ing. Many facilitators and barriers identified were
feasible to address with HBB Prompt and reflected
anticipated features based on prior knowledge about
contributors to skills decay. Participants expressed
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Table 3 HBB Prompt app features during Phase 1b
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App function Description

Rationale for inclusion

Training videos

Series of training videos outlining the steps in HBB
(Preparation for birth, Routine care, Golden Minute

Videos to serve as review materials, with ability to visualize
skills that are being demonstrated

without ventilation, Golden Minute with ventilation,
Golden Minute with normal or slow heart rate)

Simulation mode—alone mode

Option of targeting practice to a specific scenario that
an individual user chooses versus a random scenario

To help prompt users through simulated delivery sce-
narios to facilitate in context practice of skills

that is chosen from the pool of standard scenarios
(Preparation for birth, Routine care, Golden Minute
without ventilation, Golden Minute with ventilation,
Golden Minute with normal or slow heart rate)

Audio and visual cues that accompany the scenario that

are timed to simulate an actual delivery

Simulation mode—rater mode
has a checklist available to review

Quizzes/Knowledge Check Sets of quizzes with questions generated from the HBB
curriculum
Scoreboard/Dashboard Visual tracker providing trends regarding practice fre-

quency and knowledge assessment scores

Same as alone mode except that the designated rater

To help prompt an observer to assess how well the user
completes steps in the HBB algorithm in response to the
prompts provided about the baby’s condition

To help facilitate team practice and peer-to-peer learning
of HBB skills and to assist the rater to systematically give
targeted feedback

To help reinforce knowledge pertaining to the steps and
reasoning for actions within the HBB algorithm

To address the fear of forgetting knowledge learned after
initial training

Information to serve as an external motivator to practise
regularly and perform as well if not better than peers

To increase accountability for practising and increase con-
fidence in resuscitation skills with increased practice

positive perceptions of the app’s ability to help users
practise and maintain HBB knowledge and skills.

Strengths

HBB Prompt is a novel mobile app that facilitates simu-
lation of newborn resuscitation to promote deliber-
ate practice of applying the HBB algorithm to real-life
scenarios. We employed a cooperative design UCD
framework, which prioritized participation from front-
line end-users, both trainers and learners of HBB, since
failure of adoption of healthcare technology has been
attributed to absence of end-user input [40]. There are
different methods to involve end-users in the design
and evaluation process, with prototyping and simula-
tion being commonly used in design, and focus groups
and observations being common evaluative methods
[41]. Understanding the usability of a mobile app and
how it meets needs and addresses gaps to improve out-
comes have been key to the successful adoption of health
technologies. UCD and understanding human factors is
crucial since certain ideas may not translate well into a
mobile app. Understanding the needs of primary users
by exploring acquisition and maintenance of skills and
knowledge helped map out areas where HBB Prompt
can assist and remaining gaps that need to be addressed
through other means [40]. Each function of HBB Prompt

was vetted during Phase 1b and largely addressed the
issues that were uncovered during Phase 1a.

By iterative testing through participatory design and
evaluation, we hoped to overcome the common barrier
of failed interventions due to lack of user input. Since
the main goal of designing HBB Prompt is to improve
knowledge and skills retention after initial HBB train-
ing, the UCD process specifically focused on HBB trainer
and trainee experiences regarding the process of learn-
ing HBB skills and the daily challenges of implementing
those skills. We used FGDs to better understand when
different cognitive processes took place, influencing our
strategies for knowledge and skills retention, a method
supported by the applied cognitive task analysis [42]. This
strategy has been successful in developing apps for vari-
ous purposes in healthcare [25, 43, 44], including those
in the maternal newborn health domain [29, 32—-34, 42].

Newborn health apps [28, 34] have been developed
to support HBB training by provision of HBB reference
material and clinical decision support. HBB Prompt
builds on that foundation and adds new features includ-
ing Simulation mode and the Scoreboard/Dashboard,
which aim to promote LDHF practice. NeoTree [29] is a
mobile application developed in a single neonatal unit in
Malawi using similar methodology as HBB Prompt, but
was intended for data capture of neonatal admissions
and clinical decision support. The authors used focus



Page 10 of 15

(2021) 21:39

Chan et al. BMC Med Inform Decis Mak

,sayreaiq Ageq ayi ||i, ‘1 buiop doay pue op 01
1BUYM MOUY p|nom nok ‘Bulyiealq 1ou st Ageq ayx
Buikes 1day Aay) I snED9g "Op 01 1IBYM UO NOA
S12841P 1 95NeI3q ‘SN pad|ay SOSPIA aY1 YUYl |,
,noA swiy 01 sdjay
0s|e 1| 19640} NOA JI 1xaU 01 OP 1BYM MOUY NOA
sdjay pue nNoA sapinb 0apIA 3yl ‘MOUY 10U S0P
oym suoawos buidjay a1e NoA Ji ‘Sduelsul 404
"saNbea| |02 N0 Yum ao10eid sn djay [|IM 11 ‘SaA,

,PIN0D A3Y1 Se ApDInb se 1 jleAe pue Iayiiey
11 A11ed siadojaaap oy buidoy wie | pue ‘dde
Ue ul pa1elodiodul 3¢ pPjNom 1eyl MOy MOUS|
10U PIP 1INQ SESP! PRY 9M 12UI 9M SWIL 1SE|
9y "9NJ} SWOD Wealp e S| SIY) 1yl paysies we|,
Aep paz|
-UebIo 40 ‘doySyIOM B 10J 1IeM O} SABY 1,UOP NOA
‘3w AUe 1e pue SISeq A|lep e UO 1 95N UBD NOA,,

1U21U02 1dwold ggH JO SHed JURIBLIP Ul SWSYS INOJOD ggH PaPPY

(UONING ¥2Bg YIM 2IN183) 1IRISI) UoNNg asned pappy
AWJIGISIA 2A01dWI 03 SUWIBYDS JNOJOD PUE 3ZIS 13} PYIPOA

9pOW uofeNWIS Uj
SUOIMISUBIY JO DUl PAYIPOW PUE D13S|[Ba 2I0W 3G O} SOIPIA PIYIPOIN
Ageq ay1 Jo snieis
9y3 uo Bulpuadap uonedo| BulAjdads uey Jayies JSLI0W dY3 Jesu
UOIIB|IIUDA MOYS A|UO 0} apeul Uojsidap “A1d1jdwis 104 ‘Bu1as umo
JI9Y3 Ul Buiyoea) sio1edl|ioey Y3 Jo UoIIDSIP 9yl 01 dn 1Y) S| (30e4Ns
3leledas e UO 10 J2YI0W Jeau) Uope|iusA Buunp ag pinoys Ageq ayy
2I9UM JO UOIIBDO| PUB ‘PI0d 343 BUINND JO BulwIl WNNDLIND ggH 9Y3 U
sydwold awes ay1 asn 01 SUOHRINWIS PUR SOSPIA PIYIPOIN

sydwoud Jo Bulwi pue sabeul] JO UOIIeIUSLIO Ul SMe|} PaxI4

SI9SN 01 %2eqPa3) 9PIACID 01 UMOYS 218 PaXIeul 219m
1By} SI9MSUB PUB 1231102 S4B 1By SISMSUE 2I9YM 3IN1eD) M3IASI B PIpPY
9oe|d 199110DUl AUB Ul U31DS
Y1 paddei s1asn usaym zinb 113U syi opal 0} Buipasu pue siamsue
paARSUN |dWEXD IO} ‘PIXY I9M 1Y PAIOU SME|J [BDIUYD) SWOS

AKoualedsueny
40 ssadoud siy1 abeinodus djay 01 dde ayy Jo 1ied e se 0apIA sIy1 1day

MB3IA1 31RM|1D) 01 13} YHM SOpIA Bujuies) paiuswaiddng

wem Ageq ayy daay
01 MOY ‘Yibus| pI0d 3y} W) PUB 1ND 0} MOY ‘218D PIJURAPE 10} SIURJUI
J9J24 01 UBYM ‘Se UdNS ‘suojiepuawiiodal [ednoeld [euopippe papnpuj

1dwioud |ensia e Jo suesw Ag buiules) acioutal djay Aew
POY PUB MOJ|SA ‘U319 JO SUIBYDS JNOJOD WIN|NJLLIND ggH Swes ay1 buisn

SU0115266NS puUD SIUBLILIOD [DIBUID)
9POW UOIIRNWIS Ul UOLING 1IR1Sal B 1) uonsabbns—uonebireN
Je3|2 10U sawll} e suoido NUSW pue z1S U0

MOIS 001 Bulaq SUOIDE Ul Yim Bujul
3Y1 SB YDNS 21351|eal Se 10U 24aM SO3PIA Bululel 9yl Jo s10adse auwos

(SO9PIA BY1 Ul pa1eldsnsal bulag st Ageq ayi alaym ‘Bulkid 1oj olpne
‘uanib aze sydwoid moy “6-a) dde ay1 InoybNoIYy1 AOUBISISUOD JO ¥deT

soqIIsid

3A1123YJ3 a1am sydwioud [ensiA pue olpny
9o11oe1d dnoub pue ao10esd-§9s 10) |njd|ay Sem spouwl uonenuis

2UOo|e AJoWaW Uo BulAa1 30U siasn pad|ay suonsanb Jo Jspio wopuey
Bulyoeal 1oy [001 |NJasn

90 UBD PUE %2eqPa9) 918IPaW W 9ABD 'MBIASI 10§ [NJISN 2I9M SIZZIND
$s920.d UOI1BYIDSNSAI UIOGMBU Ul
95uUspyuod pue Aduaiedsuesy syowoid sdjsy—Ajiwey Jo JUoI) Ul JUSW

-dinbas jJo bunssy pue yuiq 1oy uonesedaid Jo OSPIA Ul UOIRIISUOWS(]

ggH woyy sje
-1121eW JUBA3|) PaIYBIYBIY pue dpsi|eal ‘BAIsuay1dwod sospIA Bujulel|

wielboid Bululel) J9YS1ya] B SB [[oM SAISS URD
Bulurely ggH buunp ueyd diyy ggH Y Jo 95N 3uswiadwod ued
WININOLUND ggH 941 YUM 1US1SISUOD S| PUE |[9M SMOY 1US1UOD

sy

sajonb pay3|as

apew suonedyIpo

Peqpasy

ql aseyd burinp ydwoid ggH 10y ydeqpasy jo Alewwns d|qeL



Page 11 of 15

(2021) 21:39

Chan et al. BMC Med Inform Decis Mak

WINNJ1IND ggH Y3 Ul paiuasald si1eym
01 2J3ype PuUB SUOIIEPUSWLIODI PAZILIOISND PPR 01 10U SPeU UOISID(

3|qge|ieAr Ul dwin
ApNis sy UIYIIM Paau SIL1 SSaIppe O} SUOReWIUR 211D 01 3|qIses) 10N

Souled |eal oSN 01 SeM SNSUaSUOD)

Bunipa pue bul
-WY Ul SIUIRIISUOD 3UII} 0} SNP SOPIA 34} WIY-31 0} JOU 9peW UoIsPa]

sBuRIas Y10 Ul 39 J0U Aew Ing ‘epuebn 1noybnoiyl ade|d
UOWIWOD S| SIY} Se UOND3s Yuiq Joj uoijesedaid sy Ui Aqeq oy s|qe
-|leAe $133ys paq aAeY 01 sjuepuaiie yuiq bupyse ‘6-a—jod0101d ggH
plepuels ay3 Jo 1ied e 10U S| 31§l UsAd sad13oeld Juens|al Ajjedo| buipn)pul
sBUMISS JUIaYIP 01 s3jeds dde sy JI A|IgIX3) 10W MO|[e Aeu—s|e
-NPIAIPUI Bulw|y UeY} JaYIRI SOIPIA Palewlue Bujieald JO UO[RISPISUOD)
Aujigpziwoisnd
p31egap SEM S3SBI[E "SA SSUIRU [ JO 3SN ‘pIeoqysed ay3 104
(Puibbeq ul [eas ysew 63) suollde 3y Jo
S|1e1ap 2yl ainyded 19119q 03 S9|bue BUIMBIA JUDISHIP SOSPIA Bululell 1o

sajonb payd3|as apew suonedyIpo

eqpasy

(ponunuod) ¢ ajqel



Chan et al. BMC Med Inform Decis Mak (2021) 21:39

groups to better understand acceptability and feasibil-
ity of mobile health (mHealth) solutions before and after
implementation of NeoTree. The positive impact of the
NeoTree app was attributed to UCD and coproduction.
HBB Prompt, on the other hand, applies UCD to create
and fine-tune the features deployed in the app. Finally,
HBB Prompt builds on the success of the Safe Delivery
App (SDA) [30]. The SDA [30] contains education mate-
rial and videos based on the United Nations Basic Emer-
gency Obstetric and Neonatal Care program (BEMONC)
and was evaluated in a large cluster-randomized trial in
Ethiopia, which found improved knowledge and skills
retention and a statistically non-significant 24% reduc-
tion in perinatal mortality. HBB Prompt shares many fea-
tures with SDA, including video and text as educational
materials. HBB Prompt goes beyond the reference tool
function by supporting simulation-based skills practice,
an interactive feature developed with UCD based on
FGD themes of the importance of simulation and peer-
to-peer learning. Furthermore, HBB Prompt contains a
knowledge assessment feature, which was not available in
the early version of the SDA that was tested in the clus-
ter-randomized trial.

Facilitating simulation

Our app design was informed by the principles of delib-
erate practice, a well-established methodology for sim-
ulation-based medical education [17]. HBB Prompt
differs from available apps because it facilitates hands-on
practice and simulation, which is a core component of
the HBB 2.0 curriculum. While simulated resuscitation
will differ from real-life scenarios, consistent practice
through simulation is an effective method to maintain
competency in managing high-acuity low-occurrence
events, such as apnea in a newborn [16, 38]. Much of
HBB Prompt’s design focus was to facilitate users’ abil-
ity to practise HBB skills in short, directed ways, either
alone or with peers. LDHF practice of specific skills such
as bag-mask ventilation has been shown to be effective in
enhancing skills retention after training [10, 38, 45, 46].
For individuals who are unable practise skills with oth-
ers, the Training mode videos serve as a guide, and the
function of Simulation—alone mode provides a structure
and framework whereby users can benchmark their skills
and receive automated external prompts and feedback in
order to retain their resuscitation skills.

Use of motivation/behaviour change strategies

The Scoreboard/Dashboard feature was designed to
track trends in scores on quizzes, and participants felt
it would foster confidence in knowledge retention and
increase awareness of knowledge gaps. Being able to vis-
ualize frequency and practice patterns serves to increase
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ownership and accountability for practising as it is a vis-
ual audit, providing feedback to each user about habits
of practice and where skills may be adequate or lacking
[47, 48]. Besides having visual statistics that may benefit
end-users, this feature was built to also track app func-
tion usage to provide insight in Phase 2 of the study to
improve the app and assess which parts of the HBB 2.0
curriculum require more reinforcement. Benchmarking
to help healthcare providers inform behaviour change is
supported by Social Comparison Theory and Reference
Group Theory and has been shown to be a successful
strategy to motivate behaviour change [48]. The display
of longitudinal trends provides ongoing feedback and is
supported by the Feedback Intervention Theory [48]. The
Scoreboard/Dashboard feature is unique to HBB Prompt
compared with other apps in the newborn mHealth space
and evaluating its effectiveness during Phase 2 will fur-
ther enhance understanding of how audit and feedback
can increase retention of knowledge and skills after
training.

Limitations

Although we recruited a diverse group of participants,
we may have missed some perspectives. One limita-
tion is the absence of larger scale beta-testing prior
to deployment in Phase 2. For example, Bucher et al.
invited a large group of users to download and beta-test
their app, and provide feedback through a UCD ques-
tionnaire [34]. However, the size of our FGDs allowed
in-depth exploration and likely uncovered input to
reach theme saturation. HBB Prompt’s user interface
and functions may be less intuitive for potential users
who are less familiar with use of technology as all but
one participant (in the HBB provider group) owned a
smart device and described themselves as comfort-
able with their use. Even though the target audience
for HBB Prompt are those who were previously HBB
trained, including input from first-time learners of the
curriculum could have provided additional insight to
the knowledge and skills acquisition and retention pro-
cess. There was an intention to recruit a third focus
group with naive HBB learners; however, due to logisti-
cal constraints, we were unable to run a separate series
of focus groups with pre-service trainees (medical stu-
dents and nursing students). On the other hand, our
in-depth FGDs solicited input from two groups of HBB
users with various experiences that are representative
of HBB providers in Uganda, where there is a national
mandate for all frontline providers to be trained in both
HBB and ECEB. Participant experiences, perceptions,
and input through the UCD process were likely gener-
alizable to HBB providers in Uganda and translatable to
similar resource settings. Recent clinical and simulation
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experience were similarly variable across both HBB
facilitators and HBB providers, which allowed us to
capture opinions that would reflect those with differen-
tial exposure to deliveries requiring HBB skills.

While our goal of soliciting input from different types
of end-users uncovered many themes that were feasible
to address with a mobile app, there are additional limita-
tions to consider. App features addressed intrinsic factors
such as motivation and confidence, but not health sys-
tem constraints, which were frequently cited as barriers.
Another challenge of UCD is balancing implementation
of suggestions and prolonging the timeline of app devel-
opment. For example, although Simulation—rater mode
was felt to work well, having the ability to link two devices
so that the user and the rater could engage in the simula-
tion on different screens would have further enhanced its
function but this was technically not feasible given the
time constraint of the study. Although customization was
requested during feedback, it was important to consider
how to be specific enough without reducing generaliza-
bility. Keeping the app content close to the HBB curricu-
lum would allow it to scale to other settings more easily.

Conclusion

With the ubiquity of mobile devices, apps that are care-
fully designed and evaluated have the potential to scale
rapidly and reach a broad audience to effect large scale
change. HBB Prompt was developed with UCD input
from HBB trainers and providers to tailor its design to
support knowledge and skills maintenance after HBB
training. HBB Prompt features were built to address
themes uncovered, which included motivation to practise,
confidence in knowledge or skills, importance of feedback
and peer-to-peer learning. The iterative process of incor-
porating feedback further improved the features and func-
tions of HBB Prompt as a practice tool to facilitate skills
and knowledge retention. Pilot-testing of HBB Prompt in
Phase 2 of this study will further evaluate the ability of this
UCD process to build a mobile tool to address the impor-
tant issue of increasing sustainability of HBB training.
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