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Abstract
Globally, inadequate healthcare provider (HCP) proficiency with evidence-based guidelines contributes to millions of newborn,
infant, and child deaths each year. HCP guideline proficiency would improve patient outcomes. Conventional (in person) HCP in-
service education is limited in 4 ways: reach, scalability, adaptability, and the ability to contextualize. Adaptive e-learning envir-
onments (AEE), a subdomain of e-learning, incorporate artificial intelligence technology to create a unique cognitive model of
each HCP to improve education effectiveness. AEEs that use existing internet access and personal mobile devices may overcome
limits of conventional education. This paper provides an overview of the development of our AEE HCP in-service education,
Pediatric Acute Care Education (PACE). PACE uses an innovative approach to address HCPs’ proficiency in evidence-based
guidelines for care of newborns, infants, and children. PACE is novel in 2 ways: 1) its patient-centric approach using clinical
audit data or frontline provider input to determine content and 2) its ability to incorporate refresher learning over time to solid-
ify knowledge gains. We describe PACE’s integration into the Pediatric Association of Tanzania’s (PAT) Clinical Learning Network
(CLN), a multifaceted intervention to improve facility-based care along a single referral chain. Using principles of co-design,
stakeholder meetings modified PACE’s characteristics and optimized integration with CLN. We plan to use three-phase,
mixed-methods, implementation process. Phase I will examine the feasibility of PACE and refine its components and protocol.
Lessons gained from this initial phase will guide the design of Phase II proof of concept studies which will generate insights into
the appropriate empirical framework for (Phase III) implementation at scale to examine effectiveness.
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Purpose:This paper describes anoverviewof the development
of our intervention, Pediatric Acute Care Education (PACE).
PACE is an adaptive e-learning education intervention
designed to increase healthcare providers’ (HCP) proficiency
in national guidelines for facility-based care of newborns,
infants, and children in the Mwanza Region of Tanzania. An
HCP is any person responsible for providing clinical care at a
Tanzanian health facility. This manuscript was structured
according to recommended reporting guidelines for both inter-
vention description1,2 as well as development studies.3

(1) PACE Program Rationale. Ineffective in-service pro-
vider education limits delivery of evidenced-based care and
contributes to avertable mortality. Pneumonia, birth
asphyxia, dehydration, malaria, malnutrition, and anemia
collectively cause over 4 million deaths in children under
age 5 each year, and 50% of those deaths occur in
Sub-Saharan Africa.4,5 HCPs’ inadequate proficiency with
evidence-based guidelines contributes significantly to
poor care quality and increased child mortality in low and
middle-income countries (LMICs).1–5 The “know-do” gap
in getting research discoveries into practice is greater in
rural, under-resourced areas.6 A key research gap of the
World Health Organization is to identify effective provider
education that extends across health systems.7,8 In
Tanzania’s Mwanza region, the under-5 mortality rate is
88 per 1000 live births, nearly double the national rate
(49 per 1000 live births) and over three times Tanzania’s
Sustainable Development Goal Target 3.2 of 25 per 1000
births.5,9 In a recent multi-site clinical audit in Mwanza con-
ducted by the Pediatric Association of Tanzania (PAT),
only 58% of admissions (range: 48%–69%) had correctly
documented diagnoses and only 57% correctly prescribed
treatment (range: 43%–65%).10,11 Interventions with
increased reach that target improving HCP proficiency
may improve care quality and lower child mortality.

(a) Limitations of conventional education. Conventional
(in person) education is limited by reach, scalability, adapt-
ability, and contextualization (Table 1).
(i) Conventional education has limited reach to rural

HCPs. Pediatric acute care conventional education
programs in Mwanza, Tanzania, Helping Children
Survive and Essential Child Health Services, have
had limited reach to rural HCPs. Our 184-provider
survey across PAT’s sites demonstrated that newborn
or pediatric in-service provider education reaches
only 60–70% of providers, with disproportionately
less at community health center compared to zonal/
regional hospital providers. This is consistent with
our previous work in Botswana, where only 11% of
community clinic HCPs and 0–29% of district hospital
HCPs had ever received pediatric acute care conven-
tional in-service education compared with 74% preva-
lence of referral hospital HCPs,12–14 as well as other

HCP conventional education programs in sub-Saharan
Africa.15–17 Possible reasons include 1) limited time
for HCPs to attend education due to clinical demands 2)
limited financial support to travel to centralized education
events and 3) limited instructor, equipment, and space
availability to train on site.

(ii) Costs to deliver conventional education limit scalabil-
ity. High HCP turnover seen in many LMIC health
systems requires a scalable solution to be effective.18

Costs of delivering pediatric acute care conventional edu-
cation range from $31 to $90 per HCP per day.19–21 As
an example, high HCP turnover limits the effectiveness
of the Emergency Triage Assessment and Treatment -
Plus (ETAT+ ), a 5-day conventional education adapta-
tion of theWHOhospital-based pediatric emergency care
course in Kenya.22

(iii) Conventional education does not adapt to the learner.
In Tanzania, there are many different cadres (profes-
sional types), with wide range of pre-service educa-
tion, that provide clinical care to newborns and
children. These include specialists and medical offi-
cers (5 years of education + 1 year of internship);
advanced degree nursing (i.e., nurse midwife, 3
years + 1 year internship); nursing officers and clin-
ical officers (3 years), assistant clinical officers, assist-
ant medical officers (2 years), as well as assistant
nursing officers, and medical attendants with only
weeks or months of pre-clinical education. The bulk
of the care is provided by junior medical officers/
nurses, who have limited training and experience
caring for children with severe illness. In attempting
to have a “one size fits all,” programs often have
fixed duration and cannot adapt to HCPs’ knowledge
gaps and clinical needs, resulting in a “one size fits
none.”23,24 This may lead to either decreased effect-
iveness for HCPs with existing proficiencies or inad-
equate effectiveness for those with greatest
need.13,14,25 Additionally, without educational
refreshers, proficiency decreases over time.13,26

(iv) Conventional education does not contextualize to the
health system. Contextualization of HCP education is
required to ensure it engages the learner and can
impact care delivery. Facilities that provide acute
care for newborns and children in Tanzania range
from least resourced outpatient dispensaries, health
centers, and district hospitals to greater resourced
referral hospitals and zonal/national hospitals.
Unfortunately, contextualization of conventional edu-
cation is often “on the fly” i.e., during delivery,
placing the burden of contextualization is on individ-
ual instructors or HCPs and often influenced by
resource availability, which leads to incomplete and
inappropriate education.23 Conventional education is
not responsive to changes in local epidemiology or
care quality issues and requires years or decades for
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Table 1. Conventional Education vs Adaptive E-learning Environments.

Conventional Adaptive

Reach

Barrier to training in rural facilities

Requires time off from clinical duties ✓

Requires minimum number providers for on-site training ✓

Requires internet and personal smart phones ✓

Scalability

Large fixed per provider costs ✓

Effectiveness and cost dependent on course duration ✓

Dependent on instructor quality ✓

Adaptability (Provider)

Targets:

minimal competency of (50-84% learning objectives achieved) ✓

proficiency (100% learning objectives achieved) ✓

Fixed amount of time (determined by course structure) ✓

Iterative education: continuously builds provider proficiency over time ✓

Adapts to individual provider’s schedule, knowledge base, grit, and metacognition ✓

Contextualization (Environment)

Burden of contextualization upon the learner or instructor ✓

Burden of contextualization on subject matter expert ✓

Updated content can be immediately sent to providers ✓

Content revisions able to be reviewed and approved by local stakeholders and subject matter experts ✓

Can occur continuously ✓

based on current response data ✓

based on current local epidemiology ✓

based on current local care delivery issues (system shock – staff turnover, supply chain, leadership
changes)

✓

based as response to new evidence or changes in practice ✓

(continued)
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publication cycles to update.23,27,28 Finally, current
conventional education is not responsive to system
shocks, such as emerging epidemics, or natural
disasters.28,29

These limitations may explain why conventional educa-
tion is not more effective at increasing provider proficiency.
The median effect size of conventional education alone is
only 7.3% (IQR: 3.6–17.4). Even under ideal conditions,
combined with longitudinal self-study education or
peer-to-peer education, the improvement in provider clin-
ical care only improves by 24% and 25%, respectively.20,26

These effect sizes remain modest in absolute terms given
the low baseline clinical performance of 40%–60%.5,20,25,30

(b) Adaptive e-learning environments (AEE) in learning
and AEE applications in healthcare. E-learning describes
teaching and learning strategies based exclusively on the
use of electronic media and devices as education, commu-
nication, and interaction tools.31 AEEs, a subdomain of
e-learning, use computer science and artificial intelligence
principles to create a cognitive model to adapt education
to each HCP.32 There are three components to AEEs: the
content (modular curriculum, learning resources, formative

Table 1. Continued.

Conventional Adaptive

Effectiveness

Demonstrated improvements in ✓ ✓

patient outcomes at 1 year ✓ ✓

health professional behaviors at 3-12 months ✓ ✓

provider skills at 0-12 weeks ✓ ✓

provider knowledge at 0-12 weeks ✓ ✓

Evidence of effectiveness in LMICs ✓

Figure 1. Adaptive e-learning environments.
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assessment), aggregate student data, and cognitive model-
ing (Figure 1). Usage data is used to create a cognitive
model for each student and adjusts the sequencing of
content and ratio of learning resources to formative assess-
ments. There is indirect evidence to suggest that adaptive
e-learning is at least as effective as conventional education
in healthcare. No randomized controlled trials (RCTs) have
compared adaptive e-learning to conventional education in
LMIC health systems. Of 16 RCTs conducted in high-
income countries, AEEs were as effective as conventional
in-service education in improving HCP proficiencies and
patient outcomes.33 This may indicate e-learning is a
viable alternative where and when conventional education
resources are not available.

(c) Adaptive e-learning environments (AEE) may over-
come the limitations of conventional education in
LMICs.
(i) Potential to Increase Reach. AEEs may reach HCPs

where equipment requirements and other impedi-
ments exist for conventional education.34–36

Eighty-five percent of Tanzania’s population is
covered with at least a 3G network and 14% of
the population has active mobile broadband subscri-
bers.37 In our initial feasibility studies, all 21
medical and clinical officer interns had smartphones
with data plans, and 19 reported a preference to use
their mobile phones for e-learning over tablets or
computers.38,39

(ii) Course delivery of AEEs encourages scalability.
While course development costs are fixed, course
delivery costs are minimal compared to conventional
education. AEEs can be time-independent, allowing
HCPs the needed educational exposure to achieve pro-
ficiency. E-learning does not require significant
time off from clinical duties or travel, nor the need
for minimum participants for classes. Further, web-
based course delivery eliminates instructor quality
variability.

(iii) AEEs adapt to the learner. AEEs are iterative; they
assess not only the HCP’s correct responses but also
their awareness of being correct/incorrect (metacogni-
tion), and ability to work through challenging topics
(grit). Such software can determine optimal pacing
and sequence of content continuously, building HCP
proficiency and confidence over time. Moreover,
AEEs analyze HCPs’ performance and knowledge
gaps to serve up brief refresh packages repeated
over time to maintain HCP proficiency. This calcula-
tion is individualized, and as HCPs use the technology
regularly (e.g., monthly, quarterly), it becomes
increasingly precise in determining what material to
reinforce and when to support it.

(iv) Contextualization is done during course design by
content and context experts. Updated content can be

released immediately to HCPs, and aggregate
response data can be used to refine program content
based upon HCP proficiencies and gaps. This
creates the potential of a responsive HCP education
that can both identify and address proficiency gaps
at a local or individual level in near real-time, while
maintaining the ability to disseminate new or revised
evidence-based guidelines at scale.

(2) Pediatric Acute Care Education (PACE) Description

(a) Preliminary PACE evaluation/data. To inform the
development of PACE, we applied the principles of
co-design over 18 months. We prioritized relationships
and participation through iterative development, conducted
several module experiments, and development capability
strategy. Through CLN quarterly in-person meetings all sta-
keholders (PAT executive and continuing professional
development committees, CLN external auditor team,
CLN mentors and facilitators, and Stanford/Area9’s educa-
tional design team) shared power to define program scope,
roles and responsibilities and identify a strategy to develop
capability to integrate into the existing infrastructure. Our
co-design process led to three changes: 1) broadening
PACE content, 2) creating content supervised by PAT
subject matter experts and using national treatment guide-
lines as primary source materials, and 3) awarding continu-
ing professional development credit.
(i) Broadened pediatric acute care content. Our original

content scope was restricted to our Helping Children
Survive conventional in-service education learning
objectives (severe pneumonia, airway, oxygen
therapy, severe dehydration/shock, triage/systematic
assessment). PAT and Ministry of Health feedback
led to expansion to 283 learning objectives over
nine assignments and includes essential newborn
care, sick newborn care, severe malaria, severe
anemia, and severe malnutrition.

(ii) Use PAT as subject matter experts for content devel-
opment and Tanzanian national treatment guidelines
as primary source materials. National guidelines
represent the product of a contextualization of inter-
national guidelines by local subject matter experts.
In Tanzania, the PAT represents the subject matter
experts of Newborn and Pediatric Acute Care. Use
of non-contextualized materials has been identified
as a barrier to effective HCP education.23 By incorp-
orating PAT supervision into content development,
discrepancies were discovered prior to and reviewed
to ensure local contextualization was accurate and
appropriate. This alignment of content development
with existing expertise infrastructure proved critical
for adoption and ownership.

(iii) Award continuing professional development (CPD)
credit. The Medical Council of Tanganyika (MCT)
is the national regulating body for medical, dental,
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or allied health professionals in Tanzania. Awarding
CPD credit utilizes existing infrastructure to maintain
provider’s registration while fulfilling MCT’s mission
to “to improve performance, develop, maintain and
update knowledge, skills and attitudes in order to
provide safe, ethical, legal and effective care to
patients, clients and community.”40

(b) Content: PACE contains over 283 discrete, measurable
learning objectives (Supplemental Data A). It contains 9
assignments: essential newborn care, sick newborn care,
severe pneumonia, airway management/oxygen therapy,
triage/systematic assessment, severe dehydration/shock,
severe malaria, severe acute malnutrition, and severe
anemia (Table 2). The content is aligned with the PAT’s
Essential Child Health Services, ETAT/ETAT+ ,21 and
Helping Children Survive Essentials conventional education
(a derivation of our Saving Children’s Lives conventional
education).13

(c) Educational design theory: PACE uses Area9
Lyceum’s Rhapsode™ AEE platform. Rhapsode™ is an
adaptive e-learning platform that utilizes a combination of
artificial intelligence, learning engineering, analytics, and
learning technologies. Its theoretical framework is based
upon Fadel’s Four-Dimensional Learning Model, including
knowledge, skills, character, and metacognition.41 Content
is organized as a learning objective, probe (i.e., assessment
question), and learning resource. There is a 1:1 relationship
between learning objectives and probes; however, more
than 1 learning objective and probe could be associated
with a learning resource. Learning objectives are organized
using Bloom’s taxonomy. Its content design is centered

around Mayer’s e-learning principles of multimedia, coher-
ence, redundancy, signaling, spatial contiguity, temporal
contiguity, modality, personalization, and segmenting.42

Its algorithmic adaptivity is based on a biological model,
not expert design, to tailor content navigation through the
learning objectives.43 Content design includes assigning
each learning objective as one of four types: 1) core – essential
to have a basic understanding of the overall topic; 2) pass –
required to adequately meet the learning goals of the overall
topic; 3) excel – required to reach the standard of excellence
in the overall topic; 4) extra – supplemental material not
used in the adaptive algorithm. PACE’s adaptivity algorithm
continually adjusts the learner path and adjusts the probes
(through shuffling the answers and rotating in/out distractors,
for example) based on the accuracy of question response and
learner confidence for each response.44 Content design also
allows input as to what percentage of learning objective profi-
ciency is required for initial learning completion.

(d) Educational Design Theory Related Decisions: Given
the lack of data regarding provider proficiency in national
guidelines in Mwanza, we elected our initial focus to be
tier 1 (remembering) and 2 (understanding) learning objec-
tives of Bloom’s Taxonomy.45 We assumed minimal adap-
tive e-learning experience and attempted to minimize
cognitive loading through standardizing learning resources
layouts and limiting probes to multiple-choice (≥1 correct
answers), rank, fill-in-the-blank, categorize, or match. We
targeted each module to require between 10 and 30 min
to complete, assumed a largely novice user group, which
we estimated would take 1.5–2 min per learning objective,
created modules with 8–19 learning probes. Only learning
objectives that were determined by the subject matter
experts as essential were created; as such, all objectives
were assigned either core or pass, and module completion
required 100% proficiency. Modules were grouped into
assignments by topic themes, but there was no required
order of modules after completion of the introductory
module. Examples illustrating the educational design theory
and learning principles are shown in (Supplemental Data B).

(e) Adaptivity subdomains.32 Locally contextualized
multimedia (images, audio, video) was used where possible
to increase HCP engagement. PACE does not employ dif-
ferent tools/learning strategies for different types of HCPs.

(f) Activities: PACE’s intended primary users are all HCPs
who provide acute care to newborns, infants, and children at
all facilities. HCPs are identified for participation, electron-
ically screened for a minimum proficiency in English and
active practice in pediatric acute care, and oriented in
person by the PACE coordinator. An HCP’s mobile
device web access is verified, and supplemental data
access is provided, if needed. HCPs log in to PACE using
a secure connection and select their assigned modules
from their learning dashboard. After completing PACE’s

Table 2. PACE content.

Domain Learning Objectives

Essential Newborn Care 47

Sick Newborn Care 64

Severe Pneumonia 14

Airway Management/Oxygen Therapy 10

Triage/Systematic Assessment 48

Severe Dehydration/Shock 34

Severe Malaria 33

Severe Acute Malnutrition 15

Severe Anemia 18
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introductory module, HCPs can choose from any of the 9
assignments listed in Table 2. Each assignment has 1–6
modules. HCPs work toward proficiency with each
module and can stop or switch modules without loss of pro-
gress. Inactive HCPs are sent automated reminders through
email, WhatsApp, and direct communication with the
PACE coordinator.

(g) Personnel: The PACE coordinator is responsible for
registering, providing IT and content support to HCPs,
communicating with relevant stakeholders the aggregate
or facility-specific progress. Stakeholders in this process
include facilitators, mentors, hospital administration,
regional and council health management teams, and the
Pediatric Association of Tanzania leadership.

Our PACE learning engineers are responsible for course
content development. Learning engineers develop content
with input from PAT subject matter experts and Area9
Lyceum education design team to ensure contextualized,
high-quality content. Learning engineers are based in
Tanzania and complete training in the concepts of adaptive
learning and authoring in Rhapsode™ through self-directed
learning modules and development of an adaptive e-learn-
ing module with remote supervision by Area9 Lyceum edu-
cation design team.

All PACE program personnel require a medical (MD) or
nursing (RN) degree and experience working in the
Tanzanian health system. In addition, effective communica-
tion skills and, either formal or informal health education
and/or IT skills, are required.

(h) Mode of delivery: PACE is a web-based educational
initiative, with its primary method of delivery being a

HCP’s smartphone, although Rhapsode™ also allows
delivery via tablet and computer.

(i) Integrationwith theClinicalLearningNetwork.PACE is
integrated within The Pediatric Association of Tanzania’s
Clinical Learning Network (Figure 2).10,11 Adapted from the
Clinical Information Network in Kenya,46 CLN improves the
quality of care for newborns, infants, and young children
through three mechanisms: 1) health facilities’ clinical audit,
2) multi-level leadership root cause analysis and solution plan-
ning, and 3) solution implementation including effective dis-
semination and provider education. Dissemination and
provider education is delivered through conventional education
(Helping Children Survive and Essential Child Health
Services). In addition, CLN provides weekly Grand Rounds
lectures, and mentor outreach, and facilitator learning sessions.
PACE is expected to strengthen CLN in two ways: provide
HCP proficiency auditing for analyses and solution planning
as well as utilize an adaptive e-learning platform to increase
the reach and effectiveness of the Clinical Learning Network
feedback dissemination and HCP education.

(j) Dosing and Duration: PACE is self-paced and can be
accessed anywhere internet is available. PACE will
require an estimated 2 h/week during the first month, and
10–20 min/week up to 12 months.

(k) Fidelity and Intervention Monitoring: Monitoring of
progress is done at the facility and HCP level. Standardized
reports (Supplemental Data C) are sent weekly to local
facilitators, mentors hospital administration, regional and
council health management teams, and Pediatric
Association of Tanzania leadership on aggregate activity,
progress, current strengths, and gaps in workforce profi-
ciency. HCP monitor their progress through their individual

Figure 2. Clinical Learning Network.
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dashboard in PACE. New learning objectives are identified
quarterly through the CLN’s clinical audit with revision of
ineffective, inappropriate, or incorrect content.

(3) PACE implementation and future program evalu-
ation. The relevant outcome for PACE is HCP behavior
change. To accelerate the development of HCP education
implementation strategy that can improve child survival in
low-income settings, we derived an empiric framework to
define the basic elements of our behavioral intervention
(HCP education) and developed a hypothesized pathway
derived from the Obesity Related Behavioral Intervention
Trials (ORBIT) model (Supplemental Data D).47 Our
current approach is to conduct a set of phase I, (define
and refine) behavioral intervention studies. Future proof of
concept and pilot studies will determine if a clinically sig-
nificant signal, a large enough change in HCP knowledge
and skills, is observed (Phase II) to support moving to edu-
cational efficacy (Phase III) and effectiveness in clinical per-
formance and patient outcomes (Phase IV). This framework
features a flexible and progressive process, prespecified
clinically significant milestones for forward movement,
and return to earlier stages for refinement and optimization.

(4) Limitations: Several barriers may limit program
development.

(a) Internet connectivity and mobile phone access - The
utilization of computers as an educational supplement, par-
ticularly self-study in-service education using computers, is
recognized as a significant research gap in provider educa-
tion in low- and middle-income countries due to the
increasing accessibility of personal computers and internet-
based education programs.26 Although 85% of Tanzania
has at least 3G, and all our HCP pilot subjects own smart-
phones, the effect of geographical (rural) or functional (cost
and accessibility) barriers on web-based education remains
uncertain. As the growth of internet is exponential, this
barrier is not expected to exist in the future.48,49 If these
issues prove to be significant, alternatives may include cre-
ation of a phone application to alleviate the need for con-
tinuous connectivity. Providing supplemental data plans
to reduce the costs of internet access as a barrier is
another alternative.50

(b) Learners’ privacy is protected as Rhapsode™ is GDPR
compliant including in encryption, data security, and per-
manent data deletion, nevertheless, there is always the
potential for data privacy breach.

(c) Inadequate in-person support: COVID-19 prevented the
project team from providing direct project support to HCPs
from February 2020 to October 2021. Attempts to enroll
participants remotely were moderately successful with
screening, but implementation and maintenance of PACE
were poor.38,39 Our current configuration attempts to

minimize administrative infrastructure, but the optimal
HCP cohort size per PACE coordinator is unknown.

(d) Currently, the capacity of our PACE content develop-
ment team is inadequate for utilizing it as a means of
ongoing quality improvement. We anticipate this will
become feasible with further experience and revisions to
our workflow.

(e) Lack of integration with skills training. Currently,
PACE does not integrate hands-on practical skill training
such as airway or fluid resuscitation management.
Rhapsode™ Activity can incorporate skills assessments
using either direct observation, and video review by an edu-
cator or self-review. These skills will continue to be deliv-
ered through conventional in-person education. Integration
of blended learning may further increase its impact through
use of mentor outreach and local facilitation through PACE
personnel, CLN mentors, or peers.

(f) Lack of integration with provider performance. CLN’s
initial detailed clinical audit forms were piloted and
adopted at the zonal hospital in 2019 and intended to be
used for PACE provider proficiency as well as patient out-
comes. CLN’s clinical audit was discontinued in 2020 and
never implemented at other CLN sites in part due to the
national transition to an electronic medical record (EMR)
which included the elimination of paper forms. The
assumption that this data would be found in the EMR has
not yet been realized. Currently, Mwanza’s EMRs lack
the structured format of the standardized pediatric admis-
sion forms to ensure pediatric-specific documentation on
admission and during hospitalization is completed.
Additionally, we are unable to obtain any degree of standar-
dized output from the EMR CLN’s existing limited clinical
auditing prevents associating an HCP’s PACE proficiency
with their clinical proficiency. This limits optimal context-
ualization as well as adaptivity.

Discussion
In highly resourced settings, e-learning has been shown to
be as good as conventional education. Non-adaptive
eLearning programs have improved patient outcomes
when compared to no intervention and are at least as effect-
ive as conventional education.33,51–53 Adaptive e-learning,
which builds on this by using response data to create
models of individual learner pathways and adjusts sequen-
cing and learning resources to optimize effectiveness, has
shown moderate to large positive effects on both knowledge
(SMD 0.70; 95% CI−0.08- + 1.149, Z = 1.76, p = 0.08)
and skills outcomes (SMD 1.19, 95% CI 0.59–1.79, z =
3.88 p < 0.001) when compared to other educational
methods.32 Similar results have been seen in provider
trainee32 and non-provider populations.54–57 Interestingly,
using blended education that includes adaptive and
face-to-face education in non-provider populations, achieves
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similar outcomes but 25% faster than adaptive approaches
alone.58

In low- and middle-income countries (LMICs), where
HCP in-service education resources are limited, adaptive
e-learning may overcome this limitation, but studies are
needed. The WHO Digital Guideline Group’s priority
research raised the following question “For professional
health workers, does adaptive eLearning, compared to con-
ventional education alone, improve [outcomes].”8 Tuti et al.
conducted a multi-center, multi-LMICs, RCT examining
“adaptive immediate feedback” vs standard immediate feed-
back across HCPs who provide clinical care to newborns
and showed no significant difference. The adaptivity was
significantly limited by its logic model (Bayesian vs more
complex logic models incorporating metacognition and
response time), functionality (used to determine level of
detail of feedback vs. adjusting course content and sequen-
cing), and granularity (feedback of an entire module/scen-
ario vs individual objectives).59 Notably, Tuti had
completion rates of 43%, higher than completion rates of
massive open online courses (MOOC) of 7%–15%.60,61

To determine if adaptive e-learning is effective in
improving care quality, its implementation strategy needs
to be defined and refined. It is crucial to determine which
aspects of the implementation strategy are acceptable to sta-
keholders and which need to be revised to normalize adap-
tive e-learning by HCPs. Aspects of the intervention design
that were acceptable to the stakeholders included the use of
principles of co-design, plan to integrate with CLN’s clin-
ical auditing and multilevel stakeholder engagement, its
simple and easy user interface, and content sizing. The
value of co-design principles and multilevel stakeholder
engagement have been identified in previous interventional
development studies,62,63 including the Clinical Learning
Network. Use of CLN’s infrastructure to develop and expli-
citly describe health system leaders’ and HCPs’ defined
roles during the Phase I studies of PACE, obviated the
need for an additional external leadership infrastructure,
while simultaneously providing actionable work within
CLN aligned with its overall goals. PACE modules capita-
lized on an easy-to-use interface using established Mayer’s
e-learning principles, right sizing of content, Bloom’s
Taxonomy, and established local guidelines. These factors
combined with minimal infrastructure and disturbance of
clinical care, were key acceptability drivers for us and
seen previously.63,64 It is important that e-health interventions
have a positive impact on clinical management to be success-
ful,65 and aligns with our use of clinical auditing as long-term
measurement goal. Knowledge assessments should be used as
an intermediate marker of PACE efficacy when linked to pro-
vider proficiency and patient outcomes. By utilizing existing
quality improvement metrics as indicators of education effect-
iveness, the requirement for test development, implementa-
tion, and monitoring is eliminated, reducing the need for
additional data collection and management.

We used principles of co-design and feedback from stake-
holders over time to refine our empiric implementation strat-
egy. Aspects of the intervention design that needed revision
prior to pilot testing included our content development work-
flow, local capacity to develop content, and our support for
e-learning. Our initial content development workflow was
led and developed externally and was presented for CLN
approval. Through serial stakeholder meetings, feedback,
and collaboration with PAT, CUHAS and governmental
leadership, PACE program transitioned to a facilitator of
CLN priorities, supervised by local subject matter experts.
This expansion of PACE allowed it to better address local
priorities, leading to an increase in stakeholder participation
in content development. Approval was also shifted to subject
matter experts within PAT. This greater involvement
throughout all stages of development led to fewer revisions
as content was approved during its creation.

A major component of PACE implementation strategy is
local capacity to develop education content. Local capacity
is a known bottleneck to e-learning.71 Local educational
design and implementation capacity is an intrinsic compo-
nent of PACE which allows for optimal contextualization.
We initially underestimated the amount of effort and super-
vision required. Our approach was altered to have PAT
assume the responsibility of recruiting, supporting, and
supervising learning engineers. Currently, our approach
involves utilizing four senior PAT members who volunteer
as learning engineers. More work is needed to determine the
optimal local capacity framework for learning engineering.

Finally, we identified that in-person support to providers
is needed and the predominant communication with our sta-
keholders is text messaging, not e-mail. Our initial support
for HCP was remote and largely email-based. Through
early piloting, we identified that remote orientation to
PACE was insufficient, and most communication is done
via WhatsApp. Consequently, the position of PACE coord-
inator was established to provide on-site orientation to
PACE and follow-up. Additionally, a unique integration
between WhatsApp and our REDCap database was devel-
oped to monitor provider follow-up.

Implications for future research and sustainability
Adaptive E-learning Environment Enhanced Learning
Health Systems hold tremendous promise to address the
HCP education gaps that currently limit the provision of
high-quality care in LMICs. The potential of AEEs to
scale up, increase reach, and adapt to systems may drive
this paradigm shift. We are currently in phase I (define
and refine) are using a mixed methods approach to deter-
mine feasibility and normalization of our current methods.
Once refined, Phase II (proof-of-concept) will allow us to
determine if there is a clinically significant signal seen
through a clinical audit. Phase III and IV studies (efficacy
and effectiveness) will enable us to determine if provider
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education improves care, patient outcomes, and cost-
effectiveness. Future studies will clarify important charac-
teristics of education content, the education environment,
work environment, and provider characteristics. This will
allow optimization of efficiency and effectiveness of
in-service provider education for all types of providers in
all types of settings.

PACE’s current sustainability is dependent on both
support for operation and development, as well as research.
Long-term funding sources may be influenced by its utility
to the HCPs and the health systems it serves. PAT
has incorporated PACE permanently into its national
Continuing Professional Development offerings. HCPs
may provide support for PACE if it proves a reliable mech-
anism for continuing professional development. Finally,
health systems may employ the integrated PACE CLN
model to demonstrate commitment to quality and maintain
accreditation.

Conclusion
HCP proficiency is critical to improving patient outcomes,
and adaptive e-learning environment may overcome intrin-
sic barriers to conventional education in low- and
middle-income countries. We used principles of codesign
to develop PACE to improve provider proficiency in
newborn, infant, and pediatric care in Mwanza Tanzania.
PACE currently includes 283 learning objectives over 9
assignments. Future research and training include the com-
pletion of a phase Ib study to refine PACE for strength and
efficiency. We will capitalize on our flexible and progres-
sive development framework to develop an adaptive
e-learning in-service provider education implementation
strategy that improves provider proficiency, patient care
quality, and ultimately newborn and child survival.

Acknowledgements: The authors would like to thank the
Pediatric Association of Tanzania; the Tanzanian Ministry Of
Health, Community Development, Gender, Elderly and
Children, Regional and Council Health Management Teams for
participating in stakeholder meetings, Géraldine Jossellin-Duval
for her leadership and mentorship of the PACE Learning
Engineering Team; Enock Diocles, Hanston Ndosi, Denis Albert
and Agnes Hassan for their organizing of participants and site
work in Mwanza; Christine Joyce, Michael Alfonzo, Jose “Jojo”
Ferrer, Segolame Setlhare, CLN mentors and facilitators for
their valuable feedback on the initial versions of PACE and its
refinements.

Contributorship: PAM, ZHS, AH, JRM, TM, and AA researched
literature and conceived the study. PAM, ZHS, AH, JRM, TM,
and AA were involved in protocol development, gaining ethical
approval. All authors were involved in recruitment and data
analysis. PAM wrote the first draft of the manuscript. All
authors reviewed and edited the manuscript and approved the
final version of the manuscript.

Declaration of conflicting interests: BR and MB are
compensated by Area 9 Lyceum as Senior Learning Architect
and Medical Director, respectively.

Ethical approval: The ethics committee of Stanford University
and Tanzania’s National Institute of Medical Research approved
this study (REC number: #60379, NIMR/HQ/R.8a/Vol.IX/3990,
respectively). All participants provided written informed consent
prior to enrolment in the study.

Funding: The author(s) disclosed receipt of the following
financial support for the research, authorship, and/or publication
of this article: This work was supported by the Laerdal
Foundation for Acute Medicine [grant number NA], and
Maternal Child Health Research Institute at Stanford University
[grant number NA].

Guarantor: PAM.

ORCID iDs: Peter Andrew Meaney https://orcid.org/0000-
0001-9898-6928
Castory Mwanga https://orcid.org/0009-0004-3160-8745

Supplemental material: Supplemental material for this article is
available online.

References
1. Hoffmann TC, Glasziou PP, Boutron I, et al. Better reporting

of interventions: template for intervention description and rep-
lication (TIDieR) checklist and guide. Br Med J 2014; 348:
g1687.

2. Pinnock H, Barwick M, Carpenter CR, et al. Standards for
reporting implementation studies (StaRI) statement. Br Med
J 2017; 356: i6795.

3. Hoddinott P. A new era for intervention development studies.
Pilot and Feasibility Studies 2015; 1: 36.

4. Perin J, Mulick A, Yeung D, et al. Global, regional, and
national causes of under-5 mortality in 2000–19: an updated
systematic analysis with implications for the sustainable
development goals. The Lancet Child Adolescent Health
2022; 6: 106–115.

5. Sharrow D, Hug L, Lee S, et al. Levels & Trends in Child
Mortality: Report 2021, Estimates developed by the United
Nations Inter-agency Group for Child Mortality Estimation.
Estimation UNI-AGfCM, New York, USA; 2021.

6. Green LW, Ottoson JM, Garcia C, et al. Diffusion theory and
knowledge dissemination, utilization, and integration in
public health. Annu Rev Public Health 2009; 30: 151–174.

7. WHO. Health policy and system support to optimize commu-
nity health worker programmes. 2018. Accessed 2 Feb 2020.
http://apps.who.int/iris/bitstream/handle/10665/275474/97892
41550369-eng.pdf.

8. WHO. Recommendations on digital interventions for health
system strengthening. 2019.

9. Tanzania Demographic and Health Survey 2015-2016 (ICF
International) (2016).

10 DIGITAL HEALTH

https://orcid.org/0000-0001-9898-6928
https://orcid.org/0000-0001-9898-6928
https://orcid.org/0000-0001-9898-6928
https://orcid.org/0009-0004-3160-8745
https://orcid.org/0009-0004-3160-8745
http://apps.who.int/iris/bitstream/handle/10665/275474/9789241550369-eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/275474/9789241550369-eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/275474/9789241550369-eng.pdf


10. Jacob T, Hokororo A, Albert D, et al. Tanzanian clinical
learning network: preliminary data analysis. Powerpoint.
2021:1-26. December 9, 2021.

11. Jacob T, Hokororo A, Albert D, et al. Developing a clinical
learning network to maintain and improve essential health
services in tanzanian health facilities: joint supportive super-
vision and learning session report. Word Document.
2021:1-26. Oct 18-30, 2021.

12. Wright SW, Steenhoff AP, Elci O, et al. Impact of contextua-
lized pediatric resuscitation training on pediatric healthcare
providers in Botswana. Resuscitation 2015; 88: 57–62.

13. Meaney PA, Joyce CL, Setlhare S, et al. Knowledge acquisi-
tion and retention following saving children’s lives course for
healthcare providers in Botswana: a longitudinal cohort study.
BMJ Open 2019; 9: e029575.

14. Cox M, Afonso N, Mazhani L, et al. Knowledge accrual fol-
lowing participation in pediatric fundamental critical care
support course in Gaborone, Botswana. Pediatric Critical
Care Medicine: A Journal of the Society of Critical Care
Medicine and the World Federation of Pediatric Intensive
and Critical Care Societies 2018; 19: e417–e424.

15. Hategekimana C, Shoveller J, Tuyisenge L, et al. Correlates of
performance of healthcare workers in emergency, triage, assess-
ment and treatment plus admission care (ETAT+ ) course in
Rwanda: context matters. PLOS ONE 2016; 11: e0152882.

16. Chaudhury S, Arlington L, Brenan S, et al. Cost analysis of
large-scale implementation of the ‘helping babies breathe’
newborn resuscitation-training program in Tanzania. BMC
Health Serv Res 2016; 16: 81.

17. Dickson KE, Simen-Kapeu A, Kinney MV, et al. Every
newborn: health-systems bottlenecks and strategies to acceler-
ate scale-up in countries. Lancet 2014; 384: 438–454.

18. World Health O. Increasing access to health workers in remote
and rural areas through improved retention: global policy
recommendations. Geneva: World Health Organization, 2010.

19. Rowe AK, Rowe SY, Holloway KA, et al. Does shortening
the training on integrated management of childhood illness
guidelines reduce its effectiveness? A systematic review.
Health Policy Plan 2012; 27: 179–193.

20. Rowe AK, Rowe SY, Peters DH, et al. Health Care Provider
Performance Review: Systematic review of strategies to
improve health care provider performance in low- and
middle-income countries. presented at: USAID; March 31
2015; Washington D.C.

21. Irimu G, Wamae A, Wasunna A, et al. Developing and intro-
ducing evidence based clinical practice guidelines for serious
illness in Kenya. Arch Dis Child 2008; 93: 799–804.

22. Ayieko P, Ntoburi S, Wagai J, et al. A multifaceted interven-
tion to implement guidelines and improve admission paediat-
ric care in Kenyan district hospitals: a cluster randomised trial.
PLoS Med 2011; 8: e1001018.

23. Meaney PA, Topjian AA, Chandler HK, et al. Resuscitation
training in developing countries: a systematic review.
Resuscitation 2010; 81: 1462–1472.

24. Costello A and Dalglish S. Towards a grand convergence for
child survival and health: A strategic review of options for the
future building on lessons learnt from IMNCI. 2016. http://
apps.who.int/iris/bitstream/handle/10665/251855/WHO-MCA-
16.04-eng.pdf;jsessionid=BC0F755CBBBD294750E31EDE
BD009379?sequence= 1.

25. Rowe SY, Peters DH, Holloway KA, et al. A systematic
review of the effectiveness of strategies to improve health
care provider performance in low- and middle-income coun-
tries: methods and descriptive results. PLoS One 2019; 14:
e0217617.

26. Rowe AK, Rowe SY, Peters DH, et al. The effectiveness of
training strategies to improve healthcare provider practices
in low-income and middle-income countries. BMJ Glob
Health 2021; 6: e003229.

27. Hategeka C, Mwai L and Tuyisenge L. Implementing the
emergency triage, assessment and treatment plus admission
care (ETAT+) clinical practice guidelines to improve
quality of hospital care in Rwandan district hospitals: health-
care workers’ perspectives on relevance and challenges. BMC
Health Serv Res 2017; 17: 56.

28. English M. Designing a theory-informed, contextually
appropriate intervention strategy to improve delivery of
paediatric services in Kenyan hospitals. Implement Sci
2013; 8: 39.

29. Lewis TP, Roder-DeWan S, Malata A, et al. Clinical perform-
ance among recent graduates in nine low- and middle-income
countries. Trop Med Int Health 2019; 24: 620–635.

30. Vlachopoulos D and Cabrera N. Building an inclusive defin-
ition of e-learning: an approach to the conceptual framework.
The International Review of Research in Open and
Distributed Learning 2012: 148–149.

31. Fontaine G, Cossette S, Maheu-Cadotte MA, et al. Efficacy of
adaptive e-learning for health professionals and students: a
systematic review and meta-analysis. BMJ Open 2019; 9:
e025252.

32. Vaona A, Banzi R, Kwag KH, et al. E-learning for health pro-
fessionals. Cochrane Database Syst Rev 2018; 1: CD011736.

33. Tudor Car L, Soong A, KyawBM, et al. Health professions digital
education on clinical practice guidelines: a systematic review by
digital health education collaboration. BMC Med 2019; 17: 39.

34. Agarwal S, Rosenblum L, Goldschmidt T, et al. Mobile tech-
nology in support of frontline health workers. 2016. https://
www.researchgate.net/publication/305676655_Mobile_
Technology_in_Support_of_Frontline_Health_Workers_A_
comprehensive_overview_of_the_landscape_knowledge_
gaps_and_future_directions.

35. Tudor Car L, Riboli-Sasco EF, Marcano Belisario JS, et al.
Mobile learning for delivering health professional education.
Cochrane Database Syst Rev 2015. doi:10.1002/14651858.
CD011861

36. Union IT. World Telecommunication/ICT Indicators
Database. pdf. Accessed Sept 20, 2021. https://www.itu.int/
en/ITU-D/Statistics/Dashboards/Pages/Digital-Development.
aspx.

37. Smith Z, Meaney P, Agweyu A, et al. Mixed-methods feasi-
bility trial of an adaptive electronic learning curriculum for
Tanzanian pediatric healthcare workers in the time of
COVID-19. Pediatrics 2022; 149(1 Meeting Abstracts
February 2022): 498–498.

38. Smith ZH, Rozenfeld B, Setlhare S, et al. Feasibility trial of
adaptive electronic learning for pediatric healthcare
workers in Tanzania. 2023.

39. Tanganyika MCo. Objectives of Continuing Professional
Development Accessed January 19, 2023. https://www.mct.
go.tz/index.php/j-stuff/objectives-of-cpd.

Meaney et al. 11

http://apps.who.int/iris/bitstream/handle/10665/251855/WHO-MCA-16.04-eng.pdf;jsessionid=BC0F755CBBBD294750E31EDEBD009379?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/251855/WHO-MCA-16.04-eng.pdf;jsessionid=BC0F755CBBBD294750E31EDEBD009379?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/251855/WHO-MCA-16.04-eng.pdf;jsessionid=BC0F755CBBBD294750E31EDEBD009379?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/251855/WHO-MCA-16.04-eng.pdf;jsessionid=BC0F755CBBBD294750E31EDEBD009379?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/251855/WHO-MCA-16.04-eng.pdf;jsessionid=BC0F755CBBBD294750E31EDEBD009379?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/251855/WHO-MCA-16.04-eng.pdf;jsessionid=BC0F755CBBBD294750E31EDEBD009379?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/251855/WHO-MCA-16.04-eng.pdf;jsessionid=BC0F755CBBBD294750E31EDEBD009379?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/251855/WHO-MCA-16.04-eng.pdf;jsessionid=BC0F755CBBBD294750E31EDEBD009379?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/251855/WHO-MCA-16.04-eng.pdf;jsessionid=BC0F755CBBBD294750E31EDEBD009379?sequence=1
https://www.researchgate.net/publication/305676655_Mobile_Technology_in_Support_of_Frontline_Health_Workers_A_comprehensive_overview_of_the_landscape_knowledge_gaps_and_future_directions
https://www.researchgate.net/publication/305676655_Mobile_Technology_in_Support_of_Frontline_Health_Workers_A_comprehensive_overview_of_the_landscape_knowledge_gaps_and_future_directions
https://www.researchgate.net/publication/305676655_Mobile_Technology_in_Support_of_Frontline_Health_Workers_A_comprehensive_overview_of_the_landscape_knowledge_gaps_and_future_directions
https://www.researchgate.net/publication/305676655_Mobile_Technology_in_Support_of_Frontline_Health_Workers_A_comprehensive_overview_of_the_landscape_knowledge_gaps_and_future_directions
https://www.researchgate.net/publication/305676655_Mobile_Technology_in_Support_of_Frontline_Health_Workers_A_comprehensive_overview_of_the_landscape_knowledge_gaps_and_future_directions
https://www.researchgate.net/publication/305676655_Mobile_Technology_in_Support_of_Frontline_Health_Workers_A_comprehensive_overview_of_the_landscape_knowledge_gaps_and_future_directions
https://doi.org/10.1002/14651858.CD011861
https://doi.org/10.1002/14651858.CD011861
https://www.itu.int/en/ITU-D/Statistics/Dashboards/Pages/Digital-Development.aspx
https://www.itu.int/en/ITU-D/Statistics/Dashboards/Pages/Digital-Development.aspx
https://www.itu.int/en/ITU-D/Statistics/Dashboards/Pages/Digital-Development.aspx
https://www.itu.int/en/ITU-D/Statistics/Dashboards/Pages/Digital-Development.aspx
https://www.mct.go.tz/index.php/j-stuff/objectives-of-cpd
https://www.mct.go.tz/index.php/j-stuff/objectives-of-cpd
https://www.mct.go.tz/index.php/j-stuff/objectives-of-cpd


40. Fadel C, Bialick M and Trilling B. Four-dimensional educa-
tion. 2015.

41. Mayer RE. Multimedia learning. Psychology of Learning and
Motivation. Elsevier 2002: 85–139.

42. Christensen UJ. The Biological Approach To Adaptive
Learning. https://precision-frontiers.com/2017/02/20/the-
biological-approach-to-adaptive-learning/.

43. Knutov E, De Bra P and Pechenizkiy M. AH 12 Years later: a
comprehensive survey of adaptive hypermedia methods and
techniques. New Rev Hypermed Multimed 2009; 15: 5–38.

44. Krathwohl DR. A revision of bloom’s taxonomy: an over-
view. Theory Pract 2002; 41: 212–218.

45. English M, Irimu G, Akech S, et al. Employing learning
health system principles to advance research on severe neo-
natal and paediatric illness in Kenya. BMJ Glob Health
2021; 6: e005300.

46. Czajkowski SM, Powell LH, Adler N, et al. From ideas to effi-
cacy: the ORBIT model for developing behavioral treatments
for chronic diseases. Health Psychol 2015; 34: 971–982.

47. Sam S. Towards an empowerment framework for evaluating
mobile phone use and impact in developing countries.
Telemat Inform 2017; 34: 359–369.

48. McCool J, Dobson R, Whittaker R, et al. Mobile health
(mHealth) in low- and middle-income countries. Annu Rev
Public Health 2022; 43: 525–539.

49. Barteit S, Guzek D, Jahn A, et al. Evaluation of e-learning for
medical education in low- and middle-income countries: a
systematic review. Comput Educ 2020; 145: 103726.

50. Cook DA, Levinson AJ, Garside S, et al. Internet-based learning
in the health professions: a meta-analysis. Jama 2008; 300: 1181–
1196.

51. Sinclair PM, Kable A, Levett-Jones T, et al. The effectiveness of
internet-based e-learning on clinician behaviour and patient out-
comes: a systematic review. Int J Nurs Stud 2016; 57: 70–81.

52. Lahti M, Hatonen H and Valimaki M. Impact of e-learning on
nurses’ and student nurses knowledge, skills, and satisfaction:
a systematic review and meta-analysis. Int J Nurs Stud 2014;
51: 136–149.

53. Steenbergen-Hu S and Cooper H. A meta-analysis of the effect-
iveness of intelligent tutoring systems on college students’ aca-
demic learning. J Educ Psychol 2014; 106: 331–347.

54. Steenbergen-Hu S and Cooper H. A meta-analysis of the
effectiveness of intelligent tutoring systems on k 12 studentì
mathematical learning. J Educ Psychol 2013; 105: 970–987.

55. Kulik JA and Fletcher JD. Effectiveness of intelligent tutoring
systems:a meta-analytic review.Rev Educ Res 2016; 86: 42–78.

56. Strengers Y, Moloney S, Maller C, et al. Beyond behaviour
change: Practical applications of social practice theory in
behaviour change programmes. Social practices, intervention
and sustainability: Beyond behaviour change. Taylor &
Francis; 2014:63-77.

57. Bowen WG, Chingos MM, Lack KA, et al. Interactive learn-
ing online at public universities: evidence from randomized
trials. 2012. May 22. Accessed Apr 21, 2020. https://doi.
org/10.18665/sr.22464.

58. Tuti T, Winters N, Edgcombe H, 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: e17100.

59. Fu Q, Gao Z, Zhou J, et al. CLSA: a novel deep learning
model for MOOC dropout prediction. Comput Electr Eng
2021; 94: 107315.

60. Duncan A, Premnazeer M and Sithamparanathan G. Massive
open online course adoption amongst newly graduated health
care providers. Adv Health Sci Educ Theory Pract 2022; 27:
919–930.

61. Slattery P, Saeri AK and Bragge P. Research co-design in
health: a rapid overview of reviews. Health Research Policy
and Systems 2020; 18 doi:.doi.org/10.1186/s12961-020-
0528-9.

62. Horwood C, Luthuli S, Mapumulo S, et al. Challenges of
using e-health technologies to support clinical care in rural
Africa: a longitudinal mixed methods study exploring
primary health care nurses’ experiences of using an electronic
clinical decision support system (CDSS) in South Africa.
BMC Health Serv Res 2023; 23: 30.

63. Tossaint-Schoenmakers R, Versluis A, Chavannes N, et al.
The challenge of integrating eHealth into health care:
systematic literature review of the donabedian model of struc-
ture, process, and outcome. J Med Internet Res 2021; 23:
e27180.

64. Granja C, Janssen W and Johansen MA. Factors determining
the success and failure of eHealth interventions: systematic
review of the literature. J Med Internet Res 2018; 20: e10235.

65. Frenk J, Chen L, Bhutta ZA, et al. Health professionals for a
new century: transforming education to strengthen health
systems in an interdependent world. Lancet 2010; 376:
1923–1958.

12 DIGITAL HEALTH

https://precision-frontiers.com/2017/02/20/the-biological-approach-to-adaptive-learning/
https://precision-frontiers.com/2017/02/20/the-biological-approach-to-adaptive-learning/
https://precision-frontiers.com/2017/02/20/the-biological-approach-to-adaptive-learning/
https://doi.org/10.18665/sr.22464
https://doi.org/10.18665/sr.22464
https://doi.org/10.18665/sr.22464

	 &/title;&p;Purpose: This paper describes an overview of the development of our intervention, Pediatric Acute Care Education (PACE). PACE is an adaptive e-learning education intervention designed to increase healthcare providers’ (HCP) proficiency in national guidelines for facility-based care of newborns, infants, and children in the Mwanza Region of Tanzania. An HCP is any person responsible for providing clinical care at a Tanzanian health facility. This manuscript was structured according to recommended reporting guidelines for both intervention description1,2 as well as development studies.3&list list-type=
	 Discussion
	 Implications for future research and sustainability
	 Conclusion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


