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Abstract

Neonatal mortality remains disproportionately high in sub-Saharan Africa partly due to insufficient numbers of
adequately trained and skilled front-line health workers. Opportunities for improving neonatal care may result from
upskilling frontline health workers using innovative technological approaches. This practice paper describes the key
steps involved in the design, development and implementation of an innovative smartphone-based training
application using an agile, human-centred design approach. The Life-saving Instruction for Emergencies (LIFE) app
is a three-dimension (3D) scenario-based mobile app for smartphones and is free to download. Two clinical
modules are currently included with further scenarios planned. Whilst the focus of the practice paper is on the
lessons learned during the design and development process, we also share key learning related to project
management and sustainability plans, which we hope will help researchers working on similar projects.
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Key points

1. Healthcare training app design should address important clinical
problems and the needs of end-users.

2. Relevant educational theory should be used in app design and
subsequent evaluation by making explicit the presumed pathways of
learning.

3. Human-centred design shares similarities with participatory ap-
proaches used in healthcare research and can be used to build empathy
with participants and enable democratic decision-making in the process
of app development.
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4. Early engagement of a wide range of stakeholders, including those
from professional accreditation bodies for health professionals, is useful
in the subsequent scale-up of apps.

5. Effective app design can promote user engagement, learning,
knowledge retention and improve usability whilst addressing the
personal and professional needs of end-users.

Introduction

The first 28 days of life are the most vulnerable period
of a child’s life and account for approximately 47% of all
under-five deaths [1]. The majority of neonatal deaths
are due to intrapartum asphyxia, preterm birth, birth de-
fects and infections [2]. The sustainable development
goals (SDGs) have outlined a target of reducing neonatal
mortality to at least 12 deaths per 1000 live births by
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2030 [3]. This target will be hard to achieve in low-
resource settings due to a lack of skilled birth attendants
capable of performing neonatal resuscitation and poor-
quality care at birth [1, 2]. In sub-Saharan Africa, neo-
natal mortality remains high (27 per 1000 live births)
with wide regional disparities [4]. The provision of high-
quality facility-based care for birth, and the first 24
hours after birth, is recommended as it is the most crit-
ical time for complications to present. Equipping front-
line health workers (FLHWSs) with the appropriate skills
to provide timely essential newborn care, recognise a
sick newborn and neonatal resuscitation is an important
strategy to improve quality of neonatal care [5, 6].

The context of neonatal care in Kenya

Neonatal care in Kenya is predominantly provided by
general nurses with the support of non-specialist junior
clinicians. These nurses are often understaffed, over-
worked and inadequately prepared to provide high-
quality care [7-9]. In 2019, the neonatal mortality rate
in Kenya was 20 deaths per 1000 live births [1]. New-
born resuscitation in Kenya is formally taught through a
variety of face-to-face courses including Paediatric Ad-
vanced Life Support, Advanced Life Support in Obstet-
rics, Emergency Obstetric and Newborn Care;
Emergency Triage, Assessment and Treatment Plus Ad-
mission Care (ETAT+) [10]; and the recently launched
Newborn ETAT+ course, a Newborn Essential Solutions
and Technologies (NEST360°) project [11]. The ETAT+
course, running face-to-face over five days for FLHWs
(3 to 5 days for undergraduate medical students), has
been shown to improve clinical knowledge, skills reten-
tion, teamwork, working memory and decision-making
[12]. By 2020, across Kenya, over 10,000 health care
workers have been trained in newborn resuscitation
through ETAT+ [13]. Despite this success, opportun-
ities for improving FLHW’s knowledge and competen-
cies in essential neonatal care and resuscitation are
hampered by the limitations of face-to-face training.
Face-to-face training is costly for junior clinicians and
nurses and inaccessible to FLHWSs in rural areas and
those facing significant service pressures [14]. Imple-
mentation at scale in countries such as Kenya, is fur-
ther restricted by limited availability of adequately
trained clinical faculty [14]. Another key concern is
the lack of refresher training for those already
trained—a factor that is associated with knowledge
decay and loss of clinical and psychomotor skills [15].
We therefore argue that there is a need to develop al-
ternative and/or complementary strategies to deliver
innovative neonatal resuscitation and refresher train-
ing to help mitigate the significant challenges facing
FLHWs in Kenya, and those working in similar
contexts.
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A smartphone-based application to provide
simulation-based education

Approximately 88% of Kenya’s population including the
current generation of nurses, clinicians and healthcare
students reported owning a smartphone in 2015 [16, 17],
and using smartphone applications for educational and
clinical interventions in health [18]. Due to the ubiquity
of smartphone use by FLHWs in Kenya, technology-
enhanced learning through the use of smartphone de-
vices is a potential strategy for providing targeted train-
ing in neonatal resuscitation to FLHWSs. Advantages of
using smartphones for training are that they can be de-
livered anywhere, anytime and at low cost, enabling
learning at the individual’s convenience [19-22].

Simulation-based  education (SBE) is  usually
implemented in clinical skills labs using manikins, and/
or at the bedside with real patients or actors. Depending
on how it is implemented, SBE offers a varied degree of
fidelity, clinical realism and transferability to real clinical
practice [22—24]. However, innovative digital platforms
now exist that can deliver SBE on desktop computers
and smartphones [25]. To afford the benefits of realism
and engagement, design and implementation of SBE
through smartphones requires creativity. Considering
the above requirements and using the principles of
human-centred design (HCD), design-thinking (used in
software development), and relevant educational theory,
we created the LIFE app (a smartphone-based simulation
training application). The clinical content in the LIFE
app is based on the ETAT+ course which utilises a
simulation-based education approach [26], an educa-
tional strategy common for life-support courses. ETAT+
is taught to FLHWSs working in maternity, paediatric/
neonatal settings in Kenya and other Sub-saharan Africa
countries and is used as a strategy to disseminate na-
tional paediatric/neonatal clinical practice guidelines [10,
27].

We present our experience of using a theory-informed
HCD approach for the design, implementation, and early
scale-up of the LIFE app in Kenya, to aid other re-
searchers involved in developing technology-enhanced
learning approaches for health in similar contexts.
Whilst our work started before the coronavirus disease
2019 (COVID-19) pandemic, we subsequently embarked
on building COVID-19 training scenarios into the app in
response to the emerging user needs.

What is the LIFE application?

LIFE app is a smartphone application that delivers
scenario-based  training using interactive three-
dimensional (3D) graphics to simulate a real hospital en-
vironment. Using the touchscreen user interface,
learners can navigate through the 3D hospital, find rele-
vant equipment, and simulate the steps to manage a
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neonatal emergency. The LIFE app is free to download,
playable offline anywhere, anytime. It teaches FLHWs
how to manage common neonatal emergencies, based
on Kenyan clinical practice guidelines, through the use
of ETAT+ scenarios (applicable to similar settings across
Sub-saharan Africa). The LIFE app can be used as a
stand-alone method of learning, in conjunction with
face-to-face training (within a “flipped classroom” ap-
proach [28]), and to promote continuous professional
development (CPD). LIFE app was accredited by the
Nursing Council of Kenya in May 2020 as an individua-
lised CPD activity for nurses through the Kenya Paediat-
ric Nurses’ Chapter. CPD accreditation ensures that the
LIFE app scenarios are clinically relevant for improving
health worker competence and promoting patient safety
[29]. The LIFE app offers an immersive, interactive and
personalised learning experience through testing of
learned material followed by provision of adaptive re-
flective feedback with further opportunities for repetitive
learning [30, 31].

The LIFE app currently contains the neonatal
resuscitation module with an additional acute
respiratory illness (including COVID-19) under
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development. Each module is designed to host up
to three simulated clinical scenarios of varying
complexity. The scenarios in the neonatal resuscita-
tion module teach FLHWs how to manage a range
of neonatal emergencies in which the user takes on
the role of a lone healthcare professional and has
to resuscitate a newborn baby. The user must cor-
rectly answer a series of questions, find the right
equipment in a virtual 3D ward environment, and
then use the equipment to successfully resuscitate
the baby. The acute respiratory illness module, once
developed and availed to users, will aim at familiar-
ising the FLHWSs with the infection prevention and
control measures for highly infectious respiratory
illness such as COVID-19, as well as identification,
classification and management of childhood pneu-
monia (Fig. 1).

Development of the LIFE app

We now describe the design and development of the
LIFE app in a step-wise approach, to enable future repli-
cation of our process.

-

can be found at https://oxlifeproject.org/)

MODULE 1 - Neonatal resuscitation:

Fig. 1 Screenshot images of LIFE 3D environment and scenarios for module one and two scenarios. This figure represents the LIFE-app images of
one of the 3D interactive neonatal resuscitation scenario in use and the acute respiratory illness scenario under development (further information

e The baby is not breathing. What next? D

‘ Start chest compressions ) C Suction the airway )
Intubate the baby Use aminophylline to start the
breathing
Check the baby's heart rate by Use a bag valve mask to give
istening with a stethoscope breaths
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Identifying appropriate educational theories

Using a systematic search and review of instructional
design features for technology-enhanced simulation-
based education [32-34], we identified three relevant
and synergistic educational theories: spaced repetition
[35, 36], retrieval practice [30] and deliberate practice
[37]), embedding them in the app design, thereby firmly
grounding its contents within an educational
epistemology.

The theory of spaced repetition describes how,
following a learning encounter, human memory rapidly
and continuously declines [31]. Providing opportunities
for repetitive and spaced practice can reduce the rate of
knowledge decline [37]. By frequent and adequately
spaced review of previously learned material,
memorisation of tasks is gradually improved [35-37].
The theory of retrieval practice recognises the
importance of appropriate testing and feedback in
influencing the recall of learnt material [32]. Finally, in
order to train an individual to an expert level, systematic
deliberate practice is required [37-39], otherwise
learning rapidly plateaus and declines. The theory of
deliberate practice focuses on targeting areas of
weakness for learners, rather than further rehearsal of
skills where competence has been achieved.

These three theories underpinned key design features
of the LIFE app. Scenarios were designed to ensure
repetitive plays and incremental learning. Testing and
feedback were embedded into each clinical scenario,
assessing learning and knowledge retention through
multiple choice quizzes, and providing individualised
feedback. Monthly CPD points were awarded via the app
to encourage spaced (monthly) repetitions. A ‘remind,
repeat and recall’ self-regulated learning plan was em-
bedded in the app to encourage FLHWSs to periodically
refresh their training and test their knowledge. Thus, re-
petitive play, spaced repetition, [35, 36] use of quizzes
and provision of individualised feedback [31, 40] to en-
able targeted deliberate practice [37], with rewards of
CPD points were embedded into the app design to cre-
ate a theory-driven learning experience.

Using a human-centred design approach

Human-centred design (HCD) is ‘a process that ensures
that the designs match the needs and the capabilities of
the people for whom they are intended’ [41, 42]. HCD
approaches marry well with participatory approaches
used in health and social research. Both involve early
and continuous stakeholder engagement, reflective and
iterative learning and democratic decision-making [43,
44]. Fundamental principles of HCD include (i) under-
standing and addressing the root cause of problems to
be addressed (not just the symptoms), (ii) developing a
user-centred approach to meet users’ needs, (iii)
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adopting a systems approach where ‘all activities’ rather
than ‘isolated components of the project’ are supported
and (iv) using rapid iterative processes for designing and
testing updates to the app (sprints). The iterative process
emphasises refining the prototype through repeated
feedback, implementing changes, and further user test-
ing (Fig. 2) [45].

This cyclical process focuses on continuous learning,
identification of problems and successes, and enlisting
the strengths and experiences of the team to problem-
solve until a product that meets the needs of users is
fully developed.

We incorporated the principles of HCD into a flexible
and dynamic process of LIFE app development. We
engaged key stakeholders involved in the delivery or
practice of neonatal resuscitation in Kenya (professional
organisations, government officials, doctors, ETAT+
trainers, nurses, midwives and healthcare students) at
each step of the process from ideation to design, and in
user testing and app refinement. The HCD development
of the LIFE app involved seven steps.

Step 1: User story-mapping through co-design work-
shops. Personas of FLHWs were developed and user
stories were identified to inform the overall design of the
LIFE app and what scenarios and features would meet
their needs.

Step 2: Development of a Minimum Viable Product.
The aim of this stage was to produce an app ready for
initial iterative internal testing (alpha testing) by a small
team of users (project team members composed of a
developer, clinical content experts and project team
leaders). The purpose of alpha testing is to identify and
fix any software bugs, determine app stability and
iteratively redefine the problem and change, improve or
refine the app.

Step 3: Participatory testing and learning phase with
nursing students from Oxford Brookes University, UK.
We formed a monthly nominal group of end-users (Ox-
ford Brookes nursing students and the LIFE app project
team) and structured a step-wise beta testing with both
new and previous users in each monthly cohort.
Through an iterative process of design-build-test cycles,
we developed a simple and aesthetically appealing design
[43-46]. This initial user interface feedback was aimed
at getting feedback from users in a high-income country
before later feedback from users in a low-middle income
country, although we did not plan to compare the nature
of feedback from each of these settings.

Step 4: First round of beta testing in Nairobi, Kenya
with end-users to continued testing, feedback and app
refinement [46]. End-users included the LIFE app pro-
ject team at Kenya Medical Research Institute-Wellcome
Trust Research Programme (KEMRI-WTRP), and local
clinicians (senior paediatricians, senior paediatric nurses,
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Fig. 2 Schematic diagram to show the steps involved in iterative co-design, testing and implementing a prototype using a HCD approach. This is
an illustration of the co-design iterative process that was used in the design of the LIFE app, emphasising the cyclic process for developing and
refining the prototype with feedback from users as testers until the LIFE app is ready to be published on the Appstore/Playstore (adapted from
Gibbons, 2016) [42]

neonatal nurses and neonatologists) and academics
(ETAT+ clinical instructors and university/college lec-
turers and tutors). We are yet to publish the qualitative
experiences of users in Kenya (a low-middle income
country) and how this compares with the user experi-
ences from a high-income country.

Step 5: Second round of beta testing with FLHWSs in
Nairobi, Kenya, to evaluate user experiences on product
stability and playability. We collected specific feedback
on ease of download, size of the app, aesthetics (screen
presentation, size of words, app widgets, cues and
prompts), logical flow, relevance and correctness of
clinical content. Users also provided feedback on
simulation features, including utility of in-game and
end-game feedback, difficulty of clinical content and the
role of self-directed learning in current and future learn-
ing curves [31, 46].

Step 6: Qualitative data collection: We engaged
clinical teachers and practitioners, as LIFE app users,
from Kenya’s healthcare institutions to understand the
challenges of effectively delivering large-scale neonatal
resuscitation training in Kenya and how to integrate
LIFE app within a training curriculum. We also wanted
to understand how LIFE app can be used to offer con-
tinuous professional development (CPD) points from
various health regulatory bodies in Kenya. The findings
of this work have been used to describe how self-

directed learning shapes future learning curves in Sub-
Saharan Africa [31].

Step 7: Release of a public version product of the LIFE
app, made available to all FLHWSs in maternal, neonatal
and paediatric health facilities. The LIFE app
incorporated a wide range of feedback from end-users in
Oxford and Kenya before being made available for free
download as a public smartphone app on both android
Playstore and iPhone operating system (iOS) Appstore.
The official public version was launched in 2019 at the
Kenya Paediatric Association conference, and further
publicised at the Kenya Paediatric Nurses’ Chapter con-
ference and Council of International Neonatal Nurses
Conference/Second ~ African ~ Neonatal =~ Nursing
Conference.

Implementation: Lessons for the roll-out and scalability of
LIFE app

During the design and development process, clinical
users requested that the LIFE app, as a training activity,
should earn CPD points awarded to both nursing and
medical practitioners in Kenya. The concept of CPD in
promoting life-long learning has two main purposes: (i)
to bridge the knowledge, competence and performance
gap for practitioners and (ii) to continually prepare prac-
titioners to provide up-to-date, safe care for patients
[47]. We therefore engaged two agencies: The Kenya
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Paediatric Association, (a certified CPD provider and
professional association for physicians) and The Nursing
Council of Kenya (the national regulator for nurses).
The aim of the engagement was to review the content
on the LIFE app, quantify the number of CPD points
that could be awarded for each activity and define how
individual practitioners would earn/claim CPD points.
By aligning the LIFE app with recognised CPD providers
in response to user feedback, we could scale the roll-out
of the LIFE app, thereby creating demand from
practitioners.

We also explored the opportunity for LIFE app to
provide up-to-date clinical content based on national
practice guidelines through regular app updates and
knowledge and procedural level [48]. The LIFE app,
therefore, further became a tool for the dissemination of
updated local clinical practice guidelines. It was also pro-
posed by some users (mainly ETAT+ teaching faculty)
to embed LIFE app in the delivery of ETAT+ training.
We saw the opportunity of using the LIFE app within a
blended learning approach with ETAT+ training,
whereby LIFE app content is offered ahead of the face-
to-face training. This has potential to improve the edu-
cational effectiveness of the face-to-face training, reduce
the time spent in delivering face-to-face training and its
associated costs, whilst ensuring content was provided in
a convenient way for end-users.

The importance of effective project management

One of the keys to the successful development and
implementation of the LIFE app has been effective
project management. This is often overlooked in the
research literature, and we present here how we
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employed project management skills to ensure team
cohesion across two geographically distant sites.

The aim of project management is to efficiently and
effectively manage the available resources and produce
the desired output. We employed the Agile software
development values and principles that focus on
collaborative team efforts and iterative ‘Scrum’ methods
to produce a working software product [49]. Scrum is an
iterative, agile management framework methodology
that promotes incremental development of an app (Fig.
3).

Using Scrum methodology, we documented our
project plans and activity milestones on a shared web-
based project management tool (Asana®: www.asana.
com) to plan and execute weekly team meetings for task
allocation and daily ‘stand-up’ meetings for evaluating
progress of the LIFE app project [49].

Meetings were attended face-to-face and virtually, by
the LIFE app project co-design team (composed of clini-
cians, researchers and the lead developer) throughout
the design phase to brainstorm potential problems and
propose solutions. Using Asana®, we classified tasks into
several categories: completed tasks, sprint tasks (need to
be completed urgently), tasks in progress, ideas to be im-
plemented (backlog) and those that require high-level
decision-making (strategy tasks). Through weekly virtual
meetings, we prioritised and allocated tasks to team
members, whilst embedding the principles of HCD and
iterative Scrum software development.

Although the LIFE app project team used the ‘Scrum’
methodology, employing the Asana®© software tool, our
recommendation is that similar app development
projects should (i) set up a project team with clearly

Sprint
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Fig. 3 Schematic presentation of using the Scrum agile management framework. This is an image of the Asana®© project management tool that
employs Scrum methodology and how the tool was used during the LIFE app project duration

~N



http://www.asana.com
http://www.asana.com

Wanyama et al. Advances in Simulation (2022) 7:2

defined roles for each team member, (ii) clearly
communicate the project goal(s) to the team members,
with distinct but inter-related project activities (iii) en-
gage various stakeholders, including users early in the
co-design, development and implementation cycles of
the product and (iv) utilise one agreed upon software
tool that employs an iterative project design that enables
the team to have internal team meetings for regular
communication, task allocation, review of performance
and one that can easily be integrated into work/institu-
tional communication platforms.

Financial models to develop and sustain use of the LIFE
app

The initial project was funded through crowdfunding
through Oxford University Innovation, University of
Oxford. Sustainability plans for funding included grant
applications for developing more clinical modules (such
as the COVID-19 module) and subsequently availing
these new modules as a package on the LIFE app used
for CPD activities. Future initiatives include developing
partnerships with relevant institutions to develop further
training scenarios.

The clinical content (plus the 3D interactive features,
such as the clinical environments, user navigations and
clinical animations) has been designed to allow for
future edits for purposes of making rapid updates at
minimal costs.

Although apps are commonly paid up in high-income
settings, this is not the case in low-middle-income set-
tings, so the sustainability models might therefore differ.
We, therefore, intend to avail, at no cost, the LIFE app
to users in low- and middle-income countries, with the
cost of running the updates on the LIFE app met by the
professional health agencies as a sustainability initiative.
The specific professional health agencies should be in-
volved in developing, reviewing and updating local clin-
ical practice guidelines as well as implementing the
already existing ETAT+ training. We anticipate that
these agencies (in our setting, the Kenya Paediatric As-
sociation and the University of Nairobi) will be the ones
providing funding for regular content update on the
LIFE app and availing it as an aspect of the blended
ETAT+ course (pre-course smartphone LIFE app,
followed by the face-to-face course and thereafter the
post-course smartphone LIFE app).

Conclusion

To date, there have been over 6000 app downloads. We
plan to now focus on collecting qualitative data on the
perceived user experiences and later on assess the
effectiveness of LIFE app is now accredited by the
Nursing Council of Kenya as a CPD activity for Kenyan
nurses/midwives. We believe the successful development
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and dissemination of the app was based on the theory-
informed and HCD approach to design and develop-
ment, with early and continuous engagement of key
stakeholders involved in the training and education of
FLHW:s in Kenya. User feedback was key to designing a
practical strategy for roll-out and scalability. Lastly, we
have described the importance of employing project
management principles to manage available resources,
with the goal of producing a high-quality, user-centred
product. Our future work will further look at adaptive
learning tailored to provide a personalised learning ex-
perience for users [40].

Abbreviations

COVID-19: Coronavirus disease 2019; CPD: Continuous professional
development; ETAT+: Emergency triage assessment and treatment plus
admission care; FLHWs: Front-line health workers; HCD: Human-centered
design; KEMRI: Kenya medical research programme; LIFE app: Life-saving
instruction for emergencies application; SBE: Simulation-based education

Acknowledgements

The authors acknowledge colleagues at KEMRI-Wellcome Trust Research
Programme for and teaching faculty colleagues on the ETAT+ course for
their useful comments during the design and implementation phase of the
LIFE app project. We wish to acknowledge KEMRI-Wellcome Trust
Programme Nairobi office for creating an enabling environment in the con-
duct of this research.

Rights and permissions

For the purpose of Open Access, the author has applied a CC-BY public
copyright licence to any author-accepted manuscript version arising from
this submission.

Authors’ contributions

Conrad Wanyama and Shobhana Nagraj led the writing of the manuscript.
All other authors contributed to the subsequent editing of drafts and read
and approved the final manuscript for publication.

Funding

This research was funded in whole or in part by the Wellcome Trust grants
[#KCD00143] and [#207522], a Senior Fellowship awarded to ME to support
his contribution to this work together with additional funds provided by The
Wellcome Trust as part of a contribution to Oxford's Institutional Strategic
Support Fund. The funders had no role in the preparation of this report or
the decision to submit for publication.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This study has been approved by Kenya Medical Research Training Institute,
KEMRI, Scientific and Ethical Review Committee (protocol #3444).

Consent for publication
This manuscript was written for publication with permission from the
Director, KEMRI, Centre for Geographical Medicine, Coast.

Competing interests

Chris Paton is the director of New Media Medicine, Ltd,, a digital health
consultancy that has provided technical services for the LIFE app project. All
the other authors declare that they have no competing interests.

Author details

'KEMRI/Wellcome Trust Research Programme, Kenya Medical Research
Institute, 197 Lenana Place, P.O Box 43640-00100, Nairobi, Kenya. ’Nuffield
Department of Women’s & Reproductive Health, Oxford, England. *The



Wanyama et al. Advances in Simulation

(2022) 7:2

George Institute for Global Health, London, UK. “Oxford University Hospitals
NHS Trust, Oxford, UK. 5Department of Education, University of Oxford,
Oxford, UK. ®Nuffield Department of Medicine, University of Oxford, Oxford,

UK

Received: 18 August 2021 Accepted: 22 December 2021
Published online: 10 January 2022

References

1.

United Nations Inter-Agency Group for Child Mortality Estimation, UN IGME
2020. https://data.unicef.org/resources/levels-and-trends-in-child-mortality/
(cited November 2020)

World Health Organisation, WHOa. Maternal and child epidemiology
estimation group (MCEE) 2000-2001 Child causes of death 2018. https.//
www.who.int/healthinfo/global_burden_disease/estimates/en/index2.html
(cited July 2020)

United Nations. Targets and indicators for SDG 3 2020. https.//sdgs.un.org/
goals/goal3 (cited October 2020)

WHO. Newborns: improving survival and well being. 2019. https://www.
who.int/news-room/fact-sheets/detail/newborns-reducing-mortality (cited
February 2020).

Carlo WA, Goudar SS, Jehan |, Chomba E, Tshefu A, Garces A, et al.
Newborn-care training and perinatal mortality in developing countries. New
Engl J Med. 2010;362(7):614-23. https://doi.org/10.1056/NEJMsa0806033.
Opiyo N, English M. In-service training for health professionals to improve
care of the seriously ill newborn or child in low and middle-income
countries (review). Cochrane Database Syst Rev. 2010;4(4):CD007071. https.//
doi.org/10.1002/14651858.CD007071.pub2.

Nzinga J, McKnight J, Jepkosgei J, English M. Exploring the space for task
shifting to support nursing on neonatal wards in Kenyan public hospitals.
Hum Resour Health. 2019;17(1):17-8. https://doi.org/10.1186/512960-019-03
52-X.

Moxon SG, Lawn JE, Dickson EK, et al. Inpatient care of small and sick
newborns: a multi-country analysis of health system bottlenecks and
potential solutions. BMC Pregnancy Childbirth. 2015;2(Suppl 2):S7. https://
doi.org/10.1186/1471-2393-15-52-57.

Ogero M, Akech S, Malla L, Agweyu A, Irimu G, English M, et al. Examining
which clinicians provide admission hospital care in a high mortality setting
and their adherence to guidelines: an observational study in 13 hospitals.
Arch Dis Childhood. 2020;105(7):648-54. https.//doi.org/10.1136/a
rchdischild-2019-317256.

Irimu G, Wamae A, Wasunna A, Were F, Ntoburi S, Opiyo N, et al.
Developing and introducing evidence based clinical practice guidelines for
serious illness in Kenya. Arch Dis Childhood. 2008;93(9):799-804. https://doi.
0rg/10.1136/adc.2007.126508.

NEST360. Committed to reducing neonatal mortality 2020. https.//www.
kenyapaediatric.org/nest360/ and https.//www.nest360.org/clinical-and-
technical-education (cited October 2020).

Ford DG, Seybert AL, Smithburger PL, Kobulinsky LR, Samosky JT, Kane-Gill
SL. Impact of simulation-based learning on medication error rates in
critically ill patients. Intensiv Care Med. 2010;36(9):1526-31. https;//doi.org/1
0.1007/500134-010-1860-2.

Kenya Paediatric Association. ETAT+ Courses 2020. https://www.kenyapaedia
tric.org/etat-course/ (cited Jan 2021)

Lisa MPR, Sobia K, Julia E, et al. Low- and middle-income countries face
many common barriers to implementation of maternal health evidence
products. J Clin Epidemiol. 2016;76:229-37. https://doi.org/10.1016/j.
jclinepi.2016.02.01.

Offiah G, Ekpotu LP, Murphy S, Kane D, Gordon A, O'Sullivan M, et al.
Evaluation of medical student retention of clinical skills following simulation
training. BMC Med Educ. 2019;19(1):263. https://doi.org/10.1186/512909-01
9-1663-2.

Kumar P, Paton C, Kirigia D. I've got 99 problems but a phone ain't one:
electronic and mobile health in low and middle income countries. Arch Dis
Childhood. 2016;101(10):974-9. https://doi.org/10.1136/archdischild-2015-3
08556.

Masika MM, Omondi GB, Natembeya DS, Mugane EM, Bosire KO, Kibwage
10. Use of mobile learning technology among final year medical students in
Kenya. Pan Afr Med J. 2015;21:21(1). https://doi.org/10.11604/pamj.201
5.21.127.6185.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

Page 8 of 9

Bastawrous A, Armstrong MJ. Mobile health use in low- and high-income
countries: an overview of the peer-reviewed literature. J R Soc Med. 2013;
106(4):130-42. https.//doi.org/10.1177/0141076812472620.

Stone R, Panfilov P, Shukshunov V. Evolution of aerospace simulation: from
immersive virtual reality to serious games. In: Proceedings of 5th
International Conference on Recent Advances in Space Technologies, RAST;
2011. https://doi.org/10.1109/RAST.2011.5966921.

Baumgart DC. Smartphones in clinical practice, medical education, and
research. Arch Intern Med. 2011;171(14):1294-6. https.//doi.org/10.1001/a
rchinternmed.2011.320.

Mohapatra DP, Mohapatra MM, Chittoria RK, Friji MT, Kumar SD. The scope
of mobile devices in health care and medical education. Int J Adv Med
Health Res. 2015;2(1):3. https://doi.org/10.4103/2349-4220.159113.

Motola I, Devine LA, Chung HS, et al. Simulation in healthcare education: a
best evidence practical guide. AMEE Guide No. 82. Med Teach. 2013;35(10):
1511-30. https://doi.org/10.3109/0142159X.2013.818632.

Kim J, Park J, Shin S. Effectiveness of simulation-based nursing education
depending on fidelity: a meta-analysis. BMC Med Educ. 2016;16(1):152.
https://doi.org/10.1186/512909-016-0672-7.

Aebersold M. Simulation-based learning: no longer a novelty in
undergraduate education. Online J Issues Nurs. 2018;23(2). https://doi.org/1
0.3912/0JIN.Vol23No02PPT39.

Lane JL, Slavin S, Ziv A. Simulation in medical education: a review. Simul
Gaming. 2011;32(3):297-314. https.//doi.org/10.1177/104687810103200302.
Motola |, Devine LA, Chung HS, Sullivan JE, Issenberg SB. Simulation in
healthcare education: a best evidence practical guide. AMEE Guide No. 82.
Med Teach. 2013;35(10):1511-30. https//doi.org/10.3109/0142159X.2013.81
8632.

English M, Wamae A, Nyamai R, Bevins B, Irimu G. Implementing locally
appropriate guidelines and training to improve care of serious illness in
Kenyan hospitals: a story of scaling-up (and down and left and right). Arch
Dis Childhood. 2011,96(3):285-90. https://doi.org/10.1136/adc.2010.189126.
Sultan AS. The flipped classroom: an active teaching and learning strategy
for making the sessions more interactive and challenging. J Pak Med Assoc.
2018;68(4):630-2.

World Health Organisation (2016) Global strategy on human resources for
health: Workforce 2030.2016. https.//www.who.int/hrh/resources/pub_
globstrathrh-2030/en/ (cited Aug 2020)

Karpicke JD, Blunt JR. Retrieval practice produces more learning than
elaborative studying with concept mapping. Science. 2011;331(6018).772-5.
https./science.sciencemag.org/content/331/6018/772. https;//doi.org/10.112
6/science.1199327.

Tuti T, Winters N, Edgcombe H, Muinga N, Wanyama C, English M, et al.
Evaluation of adaptive feedback in a smartphone-based game on health
care providers’ learning gain: randomized controlled trial. J Med Internet
Res. 2020,22(7):¢17100. https://doi.org/10.2196/17100.

Motola I, Devine LA, Chung HS, Sullivan JE, Issenberg SB. Simulation in
healthcare education: a best evidence practical guide. AMEE Guide No. 82.
Med Teach. 2013;35(10):1511-30. https.//doi.org/10.3109/0142159X.2013.81
8632.

Cook DA, Hatala R, Brydges R, Zendejas B, Szostek JH, Wang AT, et al.
Technology-enhanced simulation for health professions education: a
systematic review and meta-analysis. JAMA. 2011;306(9):978-88. https.//doi.
0rg/10.1001/jama.2011.1234.

Cook DA, Hamstra SJ, Brydges R, Zendejas B, Szostek JH, Wang AT, et al.
Comparative effectiveness of instructional design features in simulation-
based education: systematic review and meta-analysis. Med Teach. 2013;
35(1):6867-98. https://doi.org/10.3109/0142159X.2012.714886.

Ebbinghaus H. Memory: a contribution to experimental psychology: Ruger,
HA & Bussenius, CE: Teachers College, Columbia University, New York; 1913
(Original work published 1885). http://nwkpsych.rutgers.edu/~jose/courses/
578_mem_learn/2012/readings/Ebbinghaus_1885.pdf. https://doi.org/10.103
7/10011-000.

Shail MS. Using micro-learning on mobile applications to increase
knowledge retention and work performance: a review of literature. Cureus.
2019;71(8):e5307. https.//doi.org/10.7759/cureus.5307.

Ericcson KA, Krampe RT, Tesch-Roomer C. The role of deliberate practice in
the acquisition of expert performance. Psychol Rev. 1993;100(3):363-406.
https://doi.org/10.1037/0033-295X.100.3.363.

Issenberg BA, McGaghie WG, Petrusa ER, et al. Features and uses of high-
fidelity medical simulations that lead to effective learning: a BEME



https://data.unicef.org/resources/levels-and-trends-in-child-mortality/
https://www.who.int/healthinfo/global_burden_disease/estimates/en/index2.html
https://www.who.int/healthinfo/global_burden_disease/estimates/en/index2.html
https://sdgs.un.org/goals/goal3
https://sdgs.un.org/goals/goal3
https://www.who.int/news-room/fact-sheets/detail/newborns-reducing-mortality
https://www.who.int/news-room/fact-sheets/detail/newborns-reducing-mortality
https://doi.org/10.1056/NEJMsa0806033
https://doi.org/10.1002/14651858.CD007071.pub2
https://doi.org/10.1002/14651858.CD007071.pub2
https://doi.org/10.1186/s12960-019-0352-x
https://doi.org/10.1186/s12960-019-0352-x
https://doi.org/10.1186/1471-2393-15-S2-S7
https://doi.org/10.1186/1471-2393-15-S2-S7
https://doi.org/10.1136/archdischild-2019-317256
https://doi.org/10.1136/archdischild-2019-317256
https://doi.org/10.1136/adc.2007.126508
https://doi.org/10.1136/adc.2007.126508
https://www.kenyapaediatric.org/nest360/
https://www.kenyapaediatric.org/nest360/
https://www.nest360.org/clinical-and-technical-education
https://www.nest360.org/clinical-and-technical-education
https://doi.org/10.1007/s00134-010-1860-2
https://doi.org/10.1007/s00134-010-1860-2
https://www.kenyapaediatric.org/etat-course/
https://www.kenyapaediatric.org/etat-course/
https://doi.org/10.1016/j.jclinepi.2016.02.01
https://doi.org/10.1016/j.jclinepi.2016.02.01
https://doi.org/10.1186/s12909-019-1663-2
https://doi.org/10.1186/s12909-019-1663-2
https://doi.org/10.1136/archdischild-2015-308556
https://doi.org/10.1136/archdischild-2015-308556
https://doi.org/10.11604/pamj.2015.21.127.6185
https://doi.org/10.11604/pamj.2015.21.127.6185
https://doi.org/10.1177/0141076812472620
https://doi.org/10.1109/RAST.2011.5966921
https://doi.org/10.1001/archinternmed.2011.320
https://doi.org/10.1001/archinternmed.2011.320
https://doi.org/10.4103/2349-4220.159113
https://doi.org/10.3109/0142159X.2013.818632
https://doi.org/10.1186/s12909-016-0672-7
https://doi.org/10.3912/OJIN.Vol23No02PPT39
https://doi.org/10.3912/OJIN.Vol23No02PPT39
https://doi.org/10.1177/104687810103200302
https://doi.org/10.3109/0142159X.2013.818632
https://doi.org/10.3109/0142159X.2013.818632
https://doi.org/10.1136/adc.2010.189126
https://www.who.int/hrh/resources/pub_globstrathrh-2030/en/
https://www.who.int/hrh/resources/pub_globstrathrh-2030/en/
https://science.sciencemag.org/content/331/6018/772
https://doi.org/10.1126/science.1199327
https://doi.org/10.1126/science.1199327
https://doi.org/10.2196/17100
https://doi.org/10.3109/0142159X.2013.818632
https://doi.org/10.3109/0142159X.2013.818632
https://doi.org/10.1001/jama.2011.1234
https://doi.org/10.1001/jama.2011.1234
https://doi.org/10.3109/0142159X.2012.714886
http://nwkpsych.rutgers.edu/~jose/courses/578_mem_learn/2012/readings/Ebbinghaus_1885.pdf
http://nwkpsych.rutgers.edu/~jose/courses/578_mem_learn/2012/readings/Ebbinghaus_1885.pdf
https://doi.org/10.1037/10011-000
https://doi.org/10.1037/10011-000
https://doi.org/10.7759/cureus.5307
https://doi.org/10.1037/0033-295X.100.3.363

Wanyama et al. Advances in Simulation

39.

40.

41.

42.

43.

44,
45,

46.

47.

48.

49.

(2022) 7:2

systematic review. Med Teach. 2005;27(1):10-28. https://doi.org/10.1080/
01421590500046924.

McGaghie WC, Issenberg SB, Petrusa ER, et al. A critical review of simulation-
based medical education research: 2003-2009. Med Educ. 2010;44(1):50-63.
https.//doi.org/10.1111/j.1365-2923.2009.03547 x.

Tuti T, Paton C, Winters N. Learning to represent healthcare providers'
knowledge of neonatal emergency care: findings from a smartphone-based
learning intervention targeting clinicians from LMICs. Proc Tenth Int Conf
Learn Anal Knowl 2020. https://doi.org/10.1145/3375462.3375479 (cited
October 2020).

Glomann LR. Human-centred design curriculum for multidisciplinary
application at design faculties. Procedia Manuf. 2015;3:3551-8. https://doi.
0rg/10.1016/j.promfg.2015.07.704.

International Organization for Standardization. Ergonomics of Human-
system Interaction: Part 210: Human centred Design for Interactive Systems.
ISO 9241-210; 2019. Available at https://www.iso.org/obp/ui/#iso:std:iso:
9241:-210:ed-2:v1:en.

Holeman 1, Kane D. Human-centered design for global health equity. Inf
Technol Dev. 2019,26(3):477-505. https://doi.org/10.1080/02681102.2019.1
667289.

Gibbons S. Design thinking 101. In: Nielsen Norman Group; 2016. Available
from: www.nngroup.com/articles/design-thinking/.(cited Nov 2020).
Norman DA. Human-centred design considered harmful. Interactions. 2005;
12(4):14-9.

Tuti T, Paton C, Winters N. The counterintuitive self-regulated learning
behaviours of healthcare providers from low-income settings. Comput Educ.
2021;166:104136. https://doi.org/10.1016/j.compedu.2021.104136.

Braz A, Rubira CMF, Vieira M. Development of complex software with agile
method. Agile Conf. 2015. https.//doi.org/10.1109/Agile.2015.1.

Moore ED Jr, Chappell K, Sherman L, Vinayaga-Pavan M. A conceptual
framework for planning and assessing learning in continuing education
activities designed for clinicians in one profession and/or clinical teams.
Med Teacher. 2008;40(9):904-13. https://doi.org/10.1080/0142159X.2018.14
83578.

Guide S. ASANA®. Available at https://produktivnorge.no/wpcontent/uploa
ds/2019/05/GTD_ASANA_SAMPLE pdf.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1080/01421590500046924
https://doi.org/10.1080/01421590500046924
https://doi.org/10.1111/j.1365-2923.2009.03547.x
https://doi.org/10.1145/3375462.3375479
https://doi.org/10.1016/j.promfg.2015.07.704
https://doi.org/10.1016/j.promfg.2015.07.704
https://www.iso.org/obp/ui/#iso:std:iso:9241:-210:ed-2:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:9241:-210:ed-2:v1:en
https://doi.org/10.1080/02681102.2019.1667289
https://doi.org/10.1080/02681102.2019.1667289
http://www.nngroup.com/articles/design-thinking/
https://doi.org/10.1016/j.compedu.2021.104136
https://doi.org/10.1109/Agile.2015.1
https://doi.org/10.1080/0142159X.2018.1483578
https://doi.org/10.1080/0142159X.2018.1483578
https://produktivnorge.no/wpcontent/uploads/2019/05/GTD_ASANA_SAMPLE.pdf
https://produktivnorge.no/wpcontent/uploads/2019/05/GTD_ASANA_SAMPLE.pdf

	Abstract
	Introduction
	The context of neonatal care in Kenya
	A smartphone-based application to provide simulation-based education
	What is the LIFE application?
	Development of the LIFE app
	Identifying appropriate educational theories
	Using a human-centred design approach
	Implementation: Lessons for the roll-out and scalability of LIFE app
	The importance of effective project management
	Financial models to develop and sustain use of the LIFE app

	Conclusion
	Abbreviations
	Acknowledgements
	Rights and permissions
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

