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INTRODUCTION
Facility- based births with skilled attendants 
increased significantly in the past decade, 
yet global maternal mortality rates did not 
decline as rapidly as anticipated. Achieving 
the sustainable development goals for 
maternal and newborn health—which 
includes a two- third reduction in maternal 
mortality by 20301—requires ensuring timely 
access to quality, proven critical health inter-
ventions and innovative facilitators to bridge 
health system barriers, particularly in rural or 
limited resource settings.2

Digital technology is a promising option 
to overcome these barriers to achieving and 
maintaining high- quality care standards.3–7 
Numerous digital tools have been introduced 
within the continuum of maternity care;5 8 
however, a significant opportunity remained 
to systematically develop and test a design 
hypothesis for a technology- based solution 
that included a focus on the 24- hour labour 
and delivery period, which is when quality 
care has the highest potential to save lives.9 
In response to this need, a human- centred 
design (HCD) process was undertaken to 
inform development of iDeliver. Users indi-
cated a need for a mobile, digital, point- of- 
care tool that would improve skilled birth 
attendants (SBAs) access to information in 
clinical settings to guide decisions and ensure 
timely and appropriate interventions in real 
time.

The tool was intended to support consis-
tent evidence- based practices; enable detailed 
record keeping on the content of care from 
admission to discharge by capturing diagnosis 
and treatment data; streamline reporting 

processes, by linking facility and government 
health information systems, supporting inte-
gration and avoiding duplication; provide 
tools for routine quality measurement and 
monitoring and inform sustainable quality 
improvement (QI) efforts at facility, district 
and national levels.

A unique set of partners was convened by 
MSD for Mothers to collaborate on iDeliver 
development: clinical, public health and 
digital health experts from Johns Hopkins 
Bloomberg School of Public Health 
(JHSPH); the health service delivery human- 
centred design firm Scope (formerly M4ID) 
and VecnaCares, a Massachusetts- based tech-
nology non- governmental organization. The 
team worked closely with end users in Kenya 
to create a solution that would complement 
and enhance their work and that was easy 
to learn and to use. A focus on an intuitive 
software interface provided easy access to 
relevant, comprehensive clinical content at 
the point and time of care. This paper shares 
lessons learnt from the team’s experience 
designing, developing and implementing the 
iDeliver tool in several test facilities in Kenya 
and includes valuable insights for other 
implementers applicable to digital health 
endeavours pursued in similar contexts.

USING A HUMAN-CENTRED DESIGN APPROACH 
FOR THE DISCOVERY PHASE
To create iDeliver, the team adopted a human- 
centred design approach. Aligned with the 
Principles for Digital Development, it uses 
qualitative enquiry to better understand the 
context, and how technological solutions 
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may function for providers to modify the advantages and 
hindrances to providing quality obstetric care. Users and 
stakeholders were directly engaged from the start and at 
key points during development and deployment. Scope 
designed and implemented formative research in 2015 
to assess the needs of SBAs and where a digital solution 
might improve quality intrapartum care. An embedded 
approach was undertaken—working with partner institu-
tions in India and Kenya to directly observe patient care 
with their consent and to shadow SBAs working in local 
and regional hospitals. The team completed more than 
a dozen observation days in maternity wards, six in India 
(public and private) and five public facilities in Kenya. 
Interviews were conducted with providers and adminis-
trators. They assessed the needs and barriers to quality 
care and sought a better understanding of the clinical 
knowledge and confidence of SBAs working in under- 
resourced environments. They studied SBA workflows to 
document obstacles to optimal patient management, and 
which digital tools may already be in use.

UNDERSTANDING THE END USER AND HOW TO MEET THEIR 
NEEDS
Based on learnings from the field visits, Scope defined 
different user types and identified specific features and 
functions in a digital tool that could benefit each.10 
Designers drew up a decision- making journey map, 

illustrating the various care pathways along the preg-
nancy continuum. They identified key paper- based tools 
that staff relied on for each stage—admission form, 
referral letter, medical history record, shift notes, parto-
graph, birth register—and the critical bottlenecks that 
commonly impeded timely recognition of risk factors 
and quality care. They created an opportunity map 
(figure 1) identifying key points at which a digital tool 
could perform certain functions; the specific challenges 
each function would solve, and for which type of user; 
and the clinical content that would be needed for each 
module.

Based on this user feedback, Scope’s design concept 
recommended that iDeliver offer ways to facilitate and 
measure quality of care and drive improvements in 
triage, referrals, admissions and discharge protocols; 
support patient registration, clinical presentation, iden-
tification and initial management of key birth compli-
cations, assessment and stabilisation of mother and 
newborn; and postpartum check- up instructions and 
family planning counselling. They further proposed that 
the tool be equipped to manage interactive and multi-
media content and connect to a facility- based or cloud- 
based server for data backup and synchronisation with 
regional or national health management information 
systems.

Figure 1 Opportunity map identifying key points at which a digital tool could perform functions to address specific challenges 
and for which type of user, and the clinical content that would be needed to support each module. Source: Scope (2016). 
iDeliver Design Research and Service Concept. Internal PowerPoint report to MSD for Mothers.
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CODESIGNING AND DEVELOPING THE TOOL ALONGSIDE ITS 
FUTURE USERS
The team chose to focus design, development and imple-
mentation activities in Kenya. The project was well aligned 
with government initiatives in maternal and newborn 
health.11 In 2017, UN estimates indicate that Kenya’s 
maternal mortality ratio was still among the highest in 
the world, at 342 (95% CI (253 to 476)) maternal deaths 
per 100 000 live births,12 Kenya Ministry of Health reports 
documented stark inequalities in coverage of critical 
health interventions across regions, income and educa-
tion levels and between urban and rural populations.13 
Constraints to quality care were contributing factors in 
90% of Kenya’s maternal deaths, with delays in treatment, 
inadequate clinical skills and insufficient monitoring 
cited as contributing factors in 33%, 28% and 27% of 
maternal death cases, respectively.14 Poor record keeping 
was found to play a role in the majority of cases as well.14 
It must be noted, however, that all of these influences are 
heavily impacted by the underlying burdens of under-
staffing with its associated burnout and fatigue and lack 
of resources including adequate space, privacy, training 
and commodities.15 The iDeliver tool was intended to 
address these primary drivers of maternal mortality: in 
addition to the clinical guidance, digitising medical and 
facility administrative records permits easily generated 
reports on staffing levels and stock outs.

Another advantage to focusing the work in Kenya was 
that VecnaCares had ready access to ideal sites for testing 
the tool and gaining user input because of their estab-
lished presence in public facilities in Transmara West 
and East subcounties of Narok County. Authorised by the 
National, County and District Ministries of Health and the 
Transmara District Health Management team, VecnaCares 
implemented the CliniPAK system since 2012, which 
consists of a ruggedised, portable server, which hosts their 
proprietary CliniPAK Electronic Medical Records (EMR) 
software and has local network capacity, and intelligent 
power management system and networking capability. 
Optimised for use in low resource settings with limited 
infrastructure—with independent electrical and connec-
tivity—the system is powered by deep cycle batteries or 
solar panels. Early versions of iDeliver were CliniPAK 
compatible; developers would later convert iDeliver’s 
software to an open- source solution, leveraging a digital 
health Global Good (OpenMRS), to allow for broader 
EMR system compatibility.

The first round of codesign activities were conducted in 
2016 with public health administrators and SBAs—cadres 
consistent with those in East Africa: nurse- midwives and 
medical officers who are physicians with extra obstetric 
care training including caesarean section. Between 
them, they provide basic and comprehensive emergency 
obstetric and newborn care and refer when higher levels 
of care are needed from a specialised obstetrician/gynae-
cologist. They were either based in a referral facility 
that offered comprehensive emergency obstetric and 
newborn services in Transmara West or three mid- level 

and lower- level facilities that offered basic obstetric care 
services in Transmara East. The purpose was to gather 
additional insights into the challenges faced in delivering 
quality care and to identify opportunities for introducing 
a technology solution during the normal workflow around 
labour and delivery.

Opportunities in information management and 
patient assessment and monitoring processes were 
noted. Findings from the clinical observations were 
aggregated, analysed and incorporated into the tool’s 
technical, clinical and design specifications, ultimately 
leading to a shift in platform functionality from a stan-
dard, linear data- collection platform to a responsive 
application that better mimicked the continuous but 
nonlinear flow of information obtained from a patient 
during childbirth.

To date, four technical innovations are built into the 
solution:

 ► A digital obstetric- specific triage system, which assigns 
each patient a colour- coded acuity level based on 
information entered by a health worker—adapted 
from the Obstetric Triage Acuity Scale16–18 (figures 2 
and 3).

 ► A countdown timer, which tracks the minutes before a 
patient is due for a follow- up assessment.

 ► A digital partograph (figure 2).
 ► A clinical decision support algorithm continuously 

analyses the patient information entered and assigns 
a ‘possible diagnosis’ for the provider to review and 
accept or not (figure 3).

 ► A complication management tool that guides 
providers through the protocols for responding to 
the most common life- threatening childbirth compli-
cations using clinical content adhering to the most 
up- to- date WHO guidelines.19

ENHANCING IDELIVER, GUIDED BY USER FEEDBACK
The iDeliver team regularly sought feedback and other 
input from test users based on their hands- on experi-
ences engaging with the tool, which would then help set 
priorities for the next phase.

A prototype of the solution was presented in early 
2016 to SBAs at Transmara West subcounty hospital, who 
commented that the tool demonstrated real potential to 
help them make better, faster decisions during triage, 
keep better track of the detailed care provided to patients 
and possibly accelerate a switch to paperless records.

In April 2017, the first tablet version of the tool was 
deployed for nurse- midwife use in the four Transmara 
subcounty facilities. Training was provided prior to 
deployment consisting of 4 hours of small group training 
followed by 1 week of elbow support, followed by regular 
support visits by VecnaCares staff and refresher training 
when needed for software upgrades or staff turnover. 
SBAs then convened in Kilgoris to provide further clarity 
about quality of maternity care, to brainstorm additional 
ideas for how iDeliver may address those issues and poten-
tial obstacles to adoption.
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A key question during December 2017 workshop 
with users pertained to whether iDeliver could provide 
a digital means of monitoring and recording a patient’s 
labour, essentially eliminating the need for the paper 
partograph, the limitations of which are well known20 21 
and which iDeliver users described as visually helpful yet 
arduous—requiring meticulous plotting while providing 
only a narrow view of what constitutes ‘normal’ labour 
progress. Ultimately, the iDeliver team designed and 
engineered a labour monitoring tool that more clearly 
shows the relevant aspects of the partograph including 
maternal and fetal vital signs and labour progression. The 
new module’s clinical content reflects findings from the 
WHO’s better outcomes in labour difficulty initiative22 23 

as well as the WHO’s recommendations for intrapartum 
care for a positive childbirth experience.24

Data recording and reporting capabilities were also 
incorporated based on user’s described frustration 
with the time required to comply with hospital record 
keeping and reporting requirements. Consequently, the 
scope of patient information collected and stored was 
expanded, so that at patient discharge, key information 
could be aggregated and analysed with other anony-
mised patient data. Other additions based on user feed-
back included features for faster data entry, such as a 
picklist of common diagnoses, drop- downs for common 
responses (eg, blood type) and yes/no toggles; external 
tablet keyboards to ease typing; and a preloaded template 

Figure 2 Screen shots from the iDeliver application: Digital Labour and Delivery Monitoring—iDeliver creates a digital patient 
medical record including a dynamic, digital partograph.

Figure 3 Ward dashboard and diagnosis acuity mapping: iDeliver is optimised to supply support for one provider to monitor 
multiple patients. Diagnoses are assigned a score, which updates the patient’s acuity immediately upon provider confirmation.
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for locally standard nursing notes to reduce typing time. 
The current version of iDeliver can be locally or cloud 
hosted. All system features were built keeping facility 
needs and infrastructure limitations in mind. One of the 
urban Kenyan facilities used a local server maintained by 
facility IT, which VecnaCares could connect to for soft-
ware upgrades. In India, a single cloud- based server is 
being set up for all the participating facilities. Standard 
Ministry of Health reports are built within the iDeliver 
platform and also open- source aggregate reporting tools 
like DHIS2 (figure 4). The system capabilities to connect 
to regional or national health management information 
systems exist, although none are linked to national health 
management information system as yet.

In 2018, new and existing users were trained on an 
updated version of iDeliver on- site at the four test facil-
ities to allow an observation on how the new capabilities 
fit into existing workflows and patient care scenarios. 
Implementation of the tool was expanded, bringing the 
total number of sites to 10, including Nairobi Women’s 
Hospital (Adams branch), a private hospital in Nairobi; 
four additional facilities in Narok County and Mnazi 
Mmoja Hospital in Zanzibar City, Zanzibar. As of 1 June 
2021, iDeliver is deployed in 13 facilities in Kenya and 1 
in Zanzibar (figure 5).

IMPLEMENTATION SUCCESSES AND CHALLENGES
In 2019, JHSPH hired an obstetrician/gynaecologist and 
public health consultant based in Nairobi to conduct an 
internal evaluation of the tool’s usability, acceptance, func-
tionality and effectiveness in Transmara District. The aim 
was to identify strengths, shortfalls and areas where iDeliver 
could be improved. Evaluators interviewed 15 providers (2 
doctors and 13 nurses) and conducted on- site observations 
and clinical and technical audits, capturing a mix of process 
and outcome metrics. An impact assessment is planned for 
a future evaluation when the number of births registered 
into iDeliver is sufficient for meaningful statistical analyses.

Evaluators identified three key successes: that iDeliver 
was easy to learn and easy to use; it improves select aspects 
of medical record keeping and data storage: and it makes 
generating reports easier and more efficient. Of the 15 
providers interviewed, 8 (53%) cited medical record 
keeping as the tool’s primary benefit, while 7 out of 15 
(47%) cited its educational support—a way for SBAs to 
stay abreast of global standards and best practices. When 
asked which functions they particularly liked, half (8 of 15 
providers) cited the tool’s medical record keeping func-
tion; and half (8) noted its value for quality of care improve-
ment, : especially the application’s ability to triage/provide 
acuity diagnosis and to automatically plot the partograph.

From an improved skill/knowledge perspective, 9 of the 
15 providers interviewed (60%) noted that the application 
had strengthened their ability to diagnose the patient’s 
acuity level. The remaining six were unsure if the applica-
tion had made any difference. The greatest challenge the 
15 providers said they faced was the duplication of work 
due to continuing requirements to maintain paper records. 
Most said that by adding iDeliver, overall data entry took 
too long. Less than half of the providers interviewed—6 
out of 15 (40%)—reported being able to complete the care 
recommendations made by the application in the allotted 
time. All providers cited high patient volume/workloads 
combined with limited human resources as the main 
barrier.

During the next phase of work (figure 6), based on 
evaluators’, key stakeholders and user recommendations 
on ways to improve the tool, partners will streamline data 
input requirements and enhance automated generation 
of required government reports on number of deliveries 
and other key health indicators. Partners continue to add 
in mHealth additional functions.25An interactive version of 
WHO’s managing complications in pregnancy and child-
birth with links to appropriate guidance within complica-
tion tabs is available.19 Additional clinical training resources 
will be added—the MSD for Mothers video library and the 
Safe Delivery app with its clinical training materials.26 27 

Figure 4 Data management: iDeliver collects individual- level data and automatically generates a reporting suite needed for 
patient records, facility operations and national health system review.
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iDeliver is also a ready platform to link additional digital 
technologies, namely, point- of- care diagnostics such as 
hand- held ultrasound, maternal vital sign monitoring such 
as automatic blood pressure measures and fetal heart rate 
monitoring linked directly to iDeliver. Alternate data entry 
methods such as stylus or dictation could be developed. 
Partners will also explore how iDeliver’s data capture and 
reporting capabilities could support broader QI efforts—as 
a tool for documenting content and process of care, not just 
outputs and outcomes. Direct client interaction by means 
of linked health messaging for education or self- reported 
symptomology of maternal complications are other poten-
tial improvements.

LESSONS LEARNT
In the course of designing, developing and imple-
menting the iDeliver tool, the project team learnt many 
lessons that are applicable to other digital health projects 

developed or implemented in the context of a lower or 
middle- income settings. These include:

The human-centred design approach is essential, promoting 
local buy-in and ownership
Keeping the user at the centre throughout design and 
development helped ensure that iDeliver’s content, 
features and functionality matched the needs and expecta-
tions of target users and their supervisors, while respecting 
the realities of their work environments. Human- centred 
design uses qualitative methods which MacDonald et al 
noted is essential to understand the specific setting versus 
generalisations about low and middle income countries 
(LMIC) and social and cultural norms around health-
care and use of technology.28 SBA contributions in the 
design workshops directly influenced design changes 
and enhancements, which in turn increased users’ will-
ingness to use the tool and encourage others to use it as 
well. Qualitative engagement should not be limited solely 

Figure 5 Project implementation area.

Figure 6 iDeliver project design and development process.
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to early steps of intervention design: on- going assess-
ment with the users and beneficiaries enhances the like-
lihood of successful scale up and sustainability, since the 
human elements are intricately linked with the digital 
solution.28 29 Empiric evidence on the impact of HCD on 
health outcomes is a sparse yet growing field; however, 
extant data show promising associations between HCD 
and positive programme interventions.30 Interestingly, 
input from some female nurse- midwives increased when 
supervisors (largely male clinicians) were not present—
an important consideration for others planning similar 
design approaches. User comfort with the solution by 
education level was not assessed, but familiarity with other 
common digital technologies (computers, smartphones) 
seemed to enhance easier uptake. Smaller group activi-
ties were also useful in encouraging participation and 
frank feedback.

Be flexible and responsive to the users
Positive feedback regarding ease of use and functional 
practicality does not guarantee utilisation: clinical deci-
sion support during labour and delivery was a frequent 
request from the providers, yet when implemented, 
iDeliver could not be used in real time because of the 
necessity to keep their attention on the mother and baby. 
Instead of a ‘live’ patient management tool, it was mostly 
used as a postevent medical record—reflecting also the 
time constraints in understaffed labour wards that still 
require paper patient records. However, the clinical guid-
ance built into the tool as well as the aforementioned links 
to clinical guides can and are used as pedagogical tools 
for those who want to refresh their clinical knowledge 
before complicated cases, or after to review their manage-
ment against global standards of care. To further simplify 
the clinical guidance, the narrative style was revised to a 
much simpler linear checklist.

Ensuring appropriate fit with provider workflows 
is critical to maximise use of a new technology, as are 
policies mandating use. After iDeliver implementation 
in the Zanzibar facility in 2017, completing both paper- 
based and electronic data entry records in parallel 
was burdensome to the busy nurses, and data incom-
pleteness and difficulty retrieving paper files hindered 
access to necessary patient records. Facility administra-
tors decided to implement a paperless policy requiring 
stakeholder and leadership agreement and a dedicated 
IT team and clinical staff to support iDeliver uptake—
resulting in iDeliver birth registration reaching 100% 
quickly. Being flexible in real time allowed the team 
to adapt iDeliver for a stronger EMR function—elimi-
nating the time requirements to reconcile paper records 
with iDeliver. Ministry of Health (MoH) required reports 
were built in to further save nurses’ time for aggregating 
and compiling monthly data for reports. Educational 
support was also included, responsively filling the needs 
of the providers.

Sufficient development time optimises sustainability of the 
solution
Five years of development support by the funder with 
HCD providing a foundation, plus the ‘boots on the 
ground’ support makes it more likely that iDeliver is a 
solution that is now part of the landscape: an investment 
for a sustainable solution and not a ‘quick fix’. iDeliver 
offers several on- going financial support possibilities; 
however, for all, the costs will be much more reasonable 
than if they had to pay for the more costly development 
phase. In Kenya, implementation will be supported by 
VecnaCares, while discussions with MoH continue for 
their contribution to operating costs; in India, a subscrip-
tion model where the facility administration pay for 
on- going support by VecnaCares will be used. Further-
more, the fully supported development phase has allowed 
key users to develop a comprehensive understanding and 
support of the solution. For example, one of the chief 
iDeliver physician champions moved from Transmara for 
a Facility Superintendent position in another district and 
volunteered to bring the technology to their new facility 
and train and support the users there—with no request 
for remuneration.

Providing on-site training and readily available technical 
support was critical to successful facility implementation
Kenya- based VecnaCares has an office in every imple-
mentation locale so users could call for assistance 24/7. 
Daily support visits were made when new features were 
introduced and as often as necessary for ad hoc trou-
bleshooting. Maintaining close contact with users also 
improved the design and implementation team’s under-
standing of the obstacles to behavioural and practice 
changes required to drive adoption.

Open source is important for an LMIC digital health solution
Leveraging the OpenMRS platform, a ‘Global Good’ 
EMR platform that has been adopted in over 60 coun-
tries, any developer can access the iDeliver code to 
amend, add or refine workflows and data elements as 
needed, and there is flexibility in how the solution can be 
deployed—as a module operating alongside an existing 
EMR system, over the cloud to any Linux- based server or 
hosted locally. Clinical decision logic was encapsulated 
in a custom OpenMRS module to enable rapid updates, 
simple expansion into other domains and deployment- 
specific customisation.

Diversity among partners is an asset
From the start, team members had clear roles and respon-
sibilities that leveraged each unique skill set. As a private- 
sector partner, the funder provided business, scientific 
and technical expertise in addition to funding support. 
VecnaCares brought a long history of technology design 
and deployment in challenging settings to the table, while 
Scope introduced engaging and dynamic HCD processes 
to capture and iterate the prototype iDeliver system. 
Finally, JHSPH faculty’s clinical, public health and digital 
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health proficiency provided content expertise for the 
decision support tools and the rigour in monitoring and 
evaluation to assess use and outcomes.

CONCLUSION
The iDeliver system is currently in use across 14 facili-
ties in 2 East African countries: (13 in Kenya with more 
planned deployments, and 1 in Zanzibar) and 1 in India 
with planned adoption in more urban facilities in several 
other Indian cities. To date, over 25 000 women have been 
registered, and by end of 2021, we project that there will 
be 35 000 deliveries registered in iDeliver.

The system continues to evolve and improve: based 
on real- time analyses of iDeliver data variability in user 
engagement, data missingness and other challenges are 
being addressed through a combination of improve-
ments to the software and to implementation. The team 
is engaging in implementation research over the coming 
months with a series of QI activities to strengthen incen-
tives and motivation to increase real- time data entry and 
bolster the use of iDeliver data for clinical and admin-
istrative decision- making. Standardised approaches to 
monitor system performance and reporting outputs for 
facility managers are being prioritised in this next phase. 
Indicators that can provide an accurate measure of the 
tool’s impact will be generated—from SBA job perfor-
mance and satisfaction, to the frequency and timeliness 
of intrapartum interventions, adherence to quality stan-
dards and, ultimately, maternal and fetal/newborn health 
outcomes.31 Efforts will be made to document evidence 
of that impact, to facilitate broader stakeholder buy- in 
and expansion within the Kenyan health system and to 
other contexts where improvements in maternity care are 
urgently needed. Sharing these findings will also help fill 
some of the knowledge gaps that exist within the relatively 
new and still evolving field of digital health.32
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