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Simulation Pearls

1. Key elements for successful implementation of simula-
tion programs in limited-resource settings(LRS) must
take into account sustainability and dissemination, col-
laboration with local health authorities and local stake-
holders, appropriate mannequin selection, and impact of
culture and language on educational methodology.

2. Priority areas for application of simulation-based edu-
cation (SBE) in limited resource settings (LRS) include
patient safety, clinical decision-making, technical skills,
teamwork and communication development, and appro-
priate allocation of resources.

3. Telesimulation may be a method to share resources and
educational expertise between more developed simulation
programs and those in LRS, while m-Health technologies
may be a way forward for data collection to demonstrate
clinical impact after simulation program implementation
in LRS.

4. Resuscitation training in both trauma and newborn resus-
citation in developing countries has been shown in stud-
ies to reduce mortality, but this has not been consistently
demonstrated with other types of training programs to
date.

5. SBE in the form of widely disseminated programs such as
Helping Babies Breathe (HBB) has the potential to impact
Millennium Development Goal (MDG) #4, to decrease
the neonatal morbidity and mortality rates in LRS. Dem-
onstrating efficacy of these types of programs that are
being implemented in global settings will be important
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in their use as a platform to understand successful and
sustainable education and implementation strategies.

Introduction
Uses of Simulation in Limited-Resource Settings

The past few decades have seen major advancements in tech-
nology within medicine and nursing, both for clinical care
and for educational purposes. As a result, the old adage see
one, do one, teach one has been largely supplanted by other
forms of formative educational strategies that are more in
keeping with patient safety priorities. SBE has many uses
as a pedagogical strategy in medicine and can enhance the
entire spectrum of both care and education, for both novice
and expert clinicians. While many of the technological ad-
vances in medicine and SBE have had their footholds in the
developed world, the idea of practicing on plastic has also
seen an increase in the developing world, with applications
of different types of simulations being implemented in LRS
internationally, as part of an encouraging trend toward the
globalization of healthcare education.

The need to promote skill development in both medicine
and nursing care, in a manner that does not harm patients,
has been a primary driver for pedagogical change through-
out the world. Development of educational infrastructure
and integration of resources (such as simulation) becomes
even more salient in the developing world, specifically in
LRS. This is due to an epidemiologic mismatch of supply
and demand; developing countries often have the highest
burden of morbidity and mortality globally, while being
under-resourced in the number of practicing clinicians and
equipment within the country. Figures 25.1, 25.2, and 25.3
demonstrate this mismatch pictorially in regard to a major
worldwide problem, early neonatal mortality, compared to
the number of healthcare workers worldwide. SBE programs
to address early neonatal mortality on a global scale will be
addressed later in this chapter.
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Fig.25.1 Early neonatal mortality: territory size is proportional to the number of early neonatal deaths in that region, defined as deaths within the
first week of life. (Reproduced with permission of www.worldmapper.org)

Fig. 25.2 Physicians working worldwide: In 2004, there were 7.7 mil-
lion physicians working around the world. If physicians were distrib-
uted according to population, there would be 124 physicians to every
100,000 people. The most concentrated 50 % of physicians live in ter-

A World Health Organization (WHO) patient safety study
identified ten key health areas where industrialized coun-
tries have the most to learn from the developing world; low-
technology simulation training was one of these key areas
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ritories with less than a fifth of the world population. The worst off fifth
are served by only 2% of the world’s physicians. (Reproduced with
permission of www.worldmapper.org)

[1]. This chapter describes the various types of SBE in use
within LRS, including mannequin-based simulation, partial
task trainer models, standardized or simulated patients (SPs),
virtual reality simulation, and screen-based or computer
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Fig. 25.3 Nurses working worldwide: The USA, China, and the Rus-
sian Federation are where the largest number of nurses work. However,
the highest numbers of nurses per person can be found in Western Euro-
pean territories such as Finland and Norway. The fewest nurses working

simulation. The chapter will also highlight SBE programs
that have been implemented in multiple LRS internationally
as an example of attempts to target MDGs established by the
United Nations [2].

Pediatric Education for Practitioners and
Clinicians in Limited-Resource Settings

Due to a lack of availability of specialist consultants, infants
and children in LRS are often cared for by general practi-
tioners. However, many of these practitioners, while often
quite skilled and clinically astute, have few formal training
opportunities in the care of critically ill or injured children.
This can result in a type of mental paralysis when confronted
with a very sick child. In emergency situations with pediatric
patients, one size does not fit all. It is well known and recog-
nized that caring for a critically ill child can entail significant
cognitive burden when considering clinical elements such as
weight-based dosing for fluids and resuscitative medications,
age-based consideration of differential diagnoses, and need
for different-sized equipment for resuscitation of infants,
children, and adolescents [3]. There are a multitude of other
physiological, psychological, and psychosocial factors that
also impact clinical care for children in these settings [4].
Surveys of practicing clinicians in LRS in parts of Africa and
Asia identified significant self-assessed knowledge deficits

© www.worldmapper.org e

per person in the population are in Haiti, Bangladesh, and Bhutan—ter-
ritories where there is much more need for nurses than is found in many
other places. (Reproduced with permission of www.worldmapper.org)

in caring for critically ill children and identified skills train-
ing and education in this area as a major priority. Practitio-
ners cited lack of knowledge in algorithms/protocols, limited
opportunity for hands-on practice, and lack of knowledge in
functionality of resuscitative equipment (e.g., defibrillators)
as major barriers to caring for critically ill children in their
settings [5]. This is where pediatric simulation can play a
major role in identifying and seeking closure to these gaps in
both knowledge and skills.

Overview of Simulation-Based Education
Implementation and Interventions in Limited-
Resource Settings

Assessment and evaluation methods in medical education
that are used in many settings in North America and Europe
can often be inaccurate, expensive, and/or infeasible in many
LRS. Therefore, innovative approaches are critical when im-
plementing new assessment methods in these settings. Simu-
lation is one of these creative approaches that can be used
in the education and assessment of practicing clinicians in
urban and rural settings, including community health work-
ers and traditional birth attendants (TBAs) functioning in
LRS. In many of these settings, a country’s lack of avail-
able trained medical and nursing staff is a major obstacle that
impedes progress toward improving healthcare outcomes. In
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developing countries, inadequate initial assessment, inap-
propriate treatment, and inadequate monitoring contribute
to poor outcomes, in part because in-hospital care providers
are frequently undertrained in life support techniques [6—11].
The use of simulation in the creation of a sustainable system
to manage emergencies can help to negate these obstacles.

A systematic review of the literature on resuscitation
training in developing countries concluded that training in
trauma and newborn resuscitation in developing countries
has been shown to reduce mortality in some studies, but this
has not been demonstrated with other training programs [12].
For example, several studies of trauma resuscitation train-
ing in developing countries have demonstrated improvement
in survival and reductions in mortality from 3 to 33 % after
training of both prehospital and hospital-based providers
[13-16]. In terms of newborn resuscitation, improvement
in operational performance of hospital-based providers was
associated in one study with a decrease in asphyxia-related
deaths, while improved performance of TBAs in the com-
munity was associated with a decrease in overall mortality in
another study [17, 18]. Two studies of newborn resuscitation
programs examined effect of training on neonatal (28 days)
or early neonatal (7 days) mortality and were able to demon-
strate a successful improvement in survival [19, 20]. On the
other hand, several studies in LRS involving adult life sup-
port training were unable to demonstrate an association be-
tween training and improved long-term patient survival [21,
22]. Unfortunately, at the time of the systematic review, there
were no studies of pediatric life support training that exam-
ined subsequent changes in patient outcomes in the clinical
setting in LRS.

Simple, community-based interventions have improved
mortality in both developed and developing countries
[23-28]. Most studies that reported positive outcomes in
knowledge acquisition did so by using differences between
cognitive assessments at various time intervals in relation to
training intervention, but no studies exist which link cogni-
tive knowledge to patient outcome. Many studies reported
psychomotor skills post training, but few used validated
scoring systems. Incomplete contextualization of SBE de-
signed originally for resource-rich settings often creates a
barrier to effective education. Methods for consideration
by educators in order to overcome these barriers in LRS are
suggested in Table 25.1.

Other studies have assessed models for the design of
training programs in fields beyond resuscitation and acute
care, such as surgical training programs in rural locations in
Romania and Botswana with demonstration of significant
improvement in technical skills [29-32]. Many surgical sim-
ulation studies have focused on the feasibility and cost-effec-
tiveness of task trainer simulation in LRS and the use of this
type of simulation to develop training programs to address
the human resources deficit in developing countries [33-36].

Table 25.1 Considerations to overcome barriers to implementation of
simulation-based education (SBE) programs in limited resource settings

Collaborate with local experts to maintain overarching themes while
adapting to local cultural and clinical contexts

Create simulation scenarios tailored to the local clinical setting
Track operational performance and evaluate patient outcomes after
training

Anticipate higher-than-expected requirements to maintain essential
functioning equipment for adequate practice

Increase allotted time for the course to incorporate local cultural
norms and to consider language comprehension for non-native
speakers

Innovative models and simulators for use in LRS must
address portability, sustainability, and cost-effectiveness.
They must be simplistic while maintaining fidelity. One
example, used in Guyana, is a reusable tool to introduce a
standard hollow needle for pediatric intraosseous (I0) infu-
sion designed for use in LRS, where standard 10 needles
are often unavailable for emergency use [37]. Another ex-
ample is the development of a low-cost simulator for man-
agement of postpartum hemorrhage (PPH) in Africa to train
TBAs and nurse midwives in the use of bimanual compres-
sion to manage PPH [38]. The assessment of this simula-
tor’s efficacy included its use to train illiterate learners, since
some TBAs living in rural areas may not be literate. Another
example within the field of obstetrics is the creation of an
inexpensive low-technology birth simulator that has been
successfully used in Mexico and other countries for obstetri-
cal emergency training (Fig. 25.4; [39]). Other studies have

Fig. 25.4 PartoPants™: This simulator is made from a modified pair
of surgical scrub pants outfitted with a vagina, a urethra, a rectum, and
other anatomical landmarks. It is designed to be worn by an actress or
standardized patient who simulates a birth, postpartum hemorrhage, or
an eclamptic seizure. This low-technology, low-cost simulator has been
used as part of a larger program called PRONTO (Programa de Rescate
Obstétrico y Neonatal: Tratamiento Optimo y Oportuno), focusing on
improving the quality of care for women and neonates during obstetric
emergencies in response to the WHO Millennium Development Goals
4 and 5. More than 2400 providers have been trained in six countries
(Mexico, Guatemala, Kenya, Ethiopia, Namibia, and India) through
early 2014 using this simulator. (Figure used with permission from
PRONTO International; [86])
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discussed the use of this type of low-technology simulator
in coordination with an SP as a form of hybrid simulation
to enhance realism for learners [40]. All of these simulation
models represent creative thinking to overcome cost and ac-
cess limitations in LRS. Diffusion of these innovations has
the potential to benefit health care in both the developed and
developing worlds.

Challenges and Barriers in Limited-Resource
Settings Simulation with Proposed Methods
and Solutions to Overcome Them

Cultural Considerations

The examples above show that simulation is feasible and can
be effective in global settings. However, conducting simu-
lation and debriefing in LRS requires consideration of the
culture and language of the region in order to be maximally
effective. Culture can be conceptualized as shared motives,
values, beliefs, identities, and interpretations or meanings of
significant events that result from common experiences of
members of collectives that are transmitted across genera-
tions [41]. There is often a dichotomy between Western and
non-Western cultures in ways of learning and conceptualiz-
ing entities such as the team construct [42]. This dichotomy
can become particularly salient when considering the pro-
cess of debriefing, discussed further below. With appropri-
ate cultural contextualization, simulation has the potential to
improve several areas of team functionality, including mem-
bership, role, context, process, and action-taking by focusing
intentional learning effort and debriefing on each of these
areas [43].

However, in experiential learning, an individual must also
engage in reflective practice in the process of debriefing after
simulation participation. Most studies of effective debrief-
ing models stem from Western cultures and therefore may
not always be generalizable to other cultures and settings.
In debriefing, the instructor ideally functions as a facilitator
for reflective group discussion by the learners. However, in
cultures where saving face is important and deference to an
instructor or teacher is valued over disclosure of personal
viewpoint, a simulation debriefer may find the learner group
minimally communicative and seemingly unwilling to en-
gage in reflective practice. This may be due, in part, to the
fact that the process of metacommunication (communicating
about communication) in non-Western cultures is conceptu-
alized very differently. Participants in a team-based simula-
tion will often be hesitant to reflect on any team performance
that seems critical of a team leader, particularly when the
team is interprofessional and of mixed gender [43].

Culture also has an impact on conceptualization of differ-
ent team dynamics, including hierarchy, leadership/follower-

ship models, and role delineation within teams. This may be
influenced by different cultural interpretation of values, such
as the more stereotypically Western individualism as com-
pared to the more Eastern collectivistic approach to team dy-
namics and learning [32]. Similarly, there are some cultures
that value communal learning and others in which learning is
an individual enterprise [41]. In ad hoc teams with members
from different cultures and nations, this dichotomy can cre-
ate barriers to communication and effective patient care and
can create problems in SBE ranging from nonacceptance of
the fiction contract in simulation to unwillingness to engage
in an active learning strategy. Simulation itself can often help
to improve communication and create a shared mental model
that reach beyond cultural bounds for these types of teams
[43]. These shared mental models can improve the function-
ality of medical teams in the care of patients [44].

There is no one-size-fits-all solution to these cultural
issues that can be barriers to effective implementation of
simulation programs. In many ways, broad awareness and
recognition of the issues and cultural differences by facilita-
tors can be the first step in overcoming the potential barriers.
However, several studies in the literature describe curricular
adaptations that have been made for SBE programs in LRS
(ranging from virtual patients to computerized patient simu-
lation) to address cultural humility, sociocultural constraints,
local epidemiology, and language differences [45-47]. Ad-
aptations of curricula must also consider the influence of
culture on assertiveness and leadership styles, uncertainty
avoidance, reflective capacity, and individual’s degree of in-
troversion/extroversion in order to be successful. Facilitators
should incorporate more time than anticipated for teaching
and debriefing in order to factor in these considerations.

Impact of Language on Teaching and
Comprehension for Learners

Implementation of any new simulation programs interna-
tionally will require consideration of cultural sensitivity and
linguistic factors if a program is to be successful longitu-
dinally. In a study conducted across medical professionals
in different countries in Asia, Africa, and South America,
physicians and nurses identified language as a major com-
ponent for misunderstanding during the conduct of simula-
tion debriefings [43]. Accented speech, methods of pronun-
ciation, differing colloquialisms, or frank language barriers
were identified as the origin of misunderstandings and lack
of awareness by team members. As a potential solution,
the widespread use of skilled interpreters and translation of
teaching materials in advance of a planned course or pro-
gram can be critical to successful implementation of simu-
lation programs in LRS. As mentioned above, facilitators
and instructors must also allocate more time than usual for
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teaching and debriefing when language is a factor, particu-
larly when interpreters are utilized. It can be helpful to use
interpreters who have a clinical background, rather than lay-
men, as this facilitates logical translation of medical termi-
nology in other languages.

Impact of Language on Debriefing Techniques
and Strategies

The article It Is Time to Consider Cultural Differences in
Debriefing discusses the importance for facilitators to un-
derstand an individual’s frame of reference or mental model
in order to optimally structure a debriefing experience [48].
However, this may not be possible when there is a difference
in native language between debriefer and learner. In most
forms of Western communication, it is the speaker who is ex-
pected to communicate ideas without ambiguity, compared
with a more receiver-oriented culture, in which the listener
is responsible to make sense of a communication. Some cul-
tures may value courteous communication over assertive
communication and may use mitigated speech when debrief-
ing, so as not to offend the learner or receiver. In the field of
medicine, however, this could be a threat to patient safety in
the clinical setting, particularly if the mitigated speech does
not properly address a knowledge or skill deficiency. These
potential barriers make the essential argument for use of in-
terpreters and native speakers as part of the debriefing team.
The native speakers should ideally understand the cultural
values and linguistic idiosyncrasies in the setting where the
debriefing is occurring, thereby serving as a filter and inter-
preter in order to maximize communication and reflective
learning. The barriers discussed above could also potentially
be overcome, in part, by wide adoption of the good judgment
and advocacy/inquiry models of debriefing [49, 50]. These
models, if taught properly, could appeal to a wide variety of
cultures, in that the model acts as a springboard to explore
the learner’s viewpoints, beliefs, assumptions, and frames of
references—all elements that could be a source of cultural
misunderstanding between debriefer—learner dyads from
different cultures. However, instructors may still find diffi-
culty even when using the debriefing-with-good-judgment
approach when debriefing learners from cultures in which
deference to authority and elders is culturally important
since the learners may feel reluctant to express views that
seem to contradict the instructor. In this context, the recourse
recommended is explicit preparation regarding the goals and
norms of the simulation environment, but difficulty may still
exist [48].

Other models and techniques of debriefing that promote
facilitated discussion, active reflection, and self-discovery
may also be helpful in LRS with participants who have lan-
guage and cultural barriers. When teaching using a train-

the-trainer model in LRS, it is crucial for new trainers to
explicitly understand and role model the difference between
giving feedback to learners on their performance and de-
briefing after simulation (see Chap. 3). Some facilitators
have anecdotally reported successful use of the structured
and supported debriefing GAS (Gather—Analyze—Summa-
rize) model with mixed group learners from different lin-
guistic backgrounds, even with clinical bedside teaching and
debriefing in international settings [5, 51]. This model, de-
veloped in collaboration with the American Heart Associa-
tion (AHA) for the Advanced Cardiac Life Support (ACLS)
and Pediatric Advanced Life Support (PALS) courses, is
a learner-centered process that can be rapidly assimilated,
is scalable for different levels of learners, and is designed
to standardize a debriefing interaction following a simula-
tion scenario, making it ideal for use in LRS and simulation
courses utilizing cascade train the trainer models. In addi-
tion to promoting learner self-reflection and self-discovery,
the GAS model promotes closure of performance gaps
through discussion and reflection and elicits how learn-
ers will change actions in subsequent practice [52]. It can
integrate educational objectives for each scenario in the
analysis phase of the debriefing, thus ensuring that goals for
an educational session are achieved and any performance
or knowledge gaps are discussed and addressed. The GAS
model has already been successfully integrated into debrief-
ing tools for real-time use during PALS to enhance and stan-
dardize a scripted debriefing process for PALS instructors
[53]. This scripted debriefing process has been shown to be
more effective at increasing acquisition of knowledge and
team leader behavioral skills than non-scripted debriefing
[54]. It is easy to see how these tools could be adapted for
use in LRS, both within PALS instruction and other uses of
pediatric SBE.

It is also worth considering that there may be a role for
both terminal and concurrent debriefing techniques with
learners in LRS, depending on the learning goals and ob-
jectives. When significant language barriers exist and inter-
preters are being used, facilitators may find concurrent de-
briefing to be useful to correct cognitive errors and enhance
understanding in real time, particularly when the focus is on
skill development. This is an important consideration that
should be discussed and agreed upon by facilitators and de-
briefers in advance when establishing courses and programs
in LRS. Some facilitators may also find the incorporation of
the rapid cycle deliberate practice model to be helpful with
learners in LRS when the learning objectives include rapid
acquisition of procedural or teamwork skills. This method,
which applies concepts of overlearning and automatization
to create muscle memory for skill mastery, utilizes more
directive feedback and prioritizes opportunities for learn-
ers to repeatedly practice skills with coaching over lengthy
debriefings [55]. This model could be integrated into SBE
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in LRS when mastery of a skill is a critical learning objec-
tive and language differences preclude complex or lengthy
debriefings.

Essentially, SBE and debriefing methods that combine
opportunities for repetitive practice with reflection and facil-
itated discussion would be useful when functioning in LRS
in order to draw on student’s professional experiences and
enhance their motivation to assimilate new concepts.

Local Support Considerations

Partnerships with in-country practitioners or stakeholders,
ministries of health (MOH), and nongovernmental organiza-
tions (NGOs) can help to overcome barriers of competing
priorities and potential diversion of resources in LRS. While
this is not always an easy task, some groups have found suc-
cess by partnering with local medical schools, academic in-
stitutions, and universities in LRS to establish, develop, and
nurture relationships with MOH and ministries of education,
but this is of course quite variable from country to country.
Some programs such as HBB maintain online lists of coun-
try-by-country partnering organizations and academic af-
filiates working toward program implementation in various
LRS. Opportunities for collaborative and cross-disciplinary
international projects should be considered in order to pro-
mote widespread dissemination of programs and educational
interventions. Collaboration with MOH to establish SBE
programs is an essential component of program advocacy
and realistic potential for widespread acceptance, adoption,
and dissemination. When considering implementation and
teaching of algorithms in pediatric resuscitation and pedi-
atric acute care, it is critical to ensure that what is taught is
consistent with local MOH protocols. These protocols may
differ in LRS from traditional algorithms taught in PALS
courses due to the types of diseases and comorbidities seen
in LRS, such as malnutrition or dengue shock as consider-
ations in fluid resuscitation.

Models for program delivery and dissemination should
consider train the trainer paradigms that can also encour-
age program sustainability and local stakeholder invest-
ment. Any individual, team, or organization that endeavors
to undertake simulation in LRS should be willing to invest
in system strengthening and capacity building within that
setting. A plan to demonstrate and measure both short- and
long-term impacts is key to obtaining or sustaining funding
for educational projects in these settings. The establishment
of attainable and realistic educational goals and rigorous
research methodology to measure impact are the basis for
effecting change. Achievement of pragmatic goals will re-
quire interprofessional input from local healthcare provid-
ers as partners to incorporate diversity of perspectives and
experience.

Program Scalability and Sustainability

It is often the case with pilot education projects that it is
initially easier to plan an educational conference or training
session outside of the clinical environment. This allows for
assurance of quality as well as the ability to teach large num-
bers of learners rapidly while utilizing the simplest logistics
for the intervention. Additionally, the ability to teach at scale
allows lowering of direct price per student from the support-
ing agency. However, these methods often have unanticipat-
ed indirect costs on an already limited system. Conference-
style educational interventions can require large numbers of
personnel to be away from clinical duties, and often there is
not enough personnel resource redundancy, leading to sig-
nificant decrements in clinical staffing during the training.
Additionally, large conferences lead to more general and
less practical training—Ileading to a one size fits none pro-
gram. Finally, large group education tends to move toward
unidirectional, didactic training and decreases the efficiency
of educational transfer associated with SBE. In considering
solutions to these potential barriers, it is important in LRS
to consider instructor to learner ratios in order to maintain
small group learning methodologies that are essential to suc-
cessful SBE.

Telesimulation and m-Health Technologies

A technological innovation that has advanced the field
of international simulation in LRS is the phenomenon of
telesimulation. This combines the principles of simulation
with remote Internet access to teach procedural skills, con-
duct simulated resuscitation sessions, or teach other concepts
remotely to target learners in LRS. This technology has been
used successfully in the field of surgery to teach laparoscopic
skills as well as the procedure of IO needle insertion [22, 56].
The utility of telesimulation was also used to conduct pedi-
atric resuscitation training and debriefing sessions between
consult and remote hospitals, with a trend toward improved-
quality cardiopulmonary resuscitation (CPR) endpoints by
practitioners in remote hospitals [57]. Telesimulation may be
a way to overcome lack of specialty expertise within LRS,
with remote teaching and/or local faculty development by
facilitators in developed nations.

Mobile phone messaging applications, such as short mes-
sage service (SMS) and multimedia message service (MMS),
may offer a way to support data collection and reporting in
the field of simulation education in LRS. M-Health is the
provision of health-related services using mobile communi-
cation technology. Many modern information and commu-
nication technologies are not yet widely available in LRS.
However, the mobile phone is a notable exception that has
reached even remote ares in many low- and middle-income
countries. M-Health tools have been successfully used as
data collection devices, assessment tools, and real-time



322

N. A. Shilkofski and P. A. Meaney

surveillance techniques and platforms for delivering sustain-
able interventions [58]. Several investigators have reported
on the use of mobile phones to collect data on pregnancy
outcomes, PPH rates, and other health outcomes in remote
areas of Ghana and Liberia [59-61]. There is great potential
for the use of this type of technology to remotely assess both
skill retention and actual clinical outcomes after simulation-
based training in these settings.

Implementation of Mannequin and Task
Trainer Simulation in Limited-Resource
Settings

Technology Versus Fidelity and Their Roles in
Creating Sustainability in Limited-Resource
Settings

The concepts of fidelity and transfer of learning are salient
in the developing world when considering sustainability
and scalability of a simulation program in LRS. It is often
assumed that high-technology mannequins or equipments
translate to high-fidelity environments and transfer of learn-
ing to clinical settings. However, this is not always the case,
nor is it feasible and sustainable in many LRS, where limi-
tations can range from lack of trained human resources to
frequent loss of a consistent electrical power source. The ex-
ample below of the HBB program demonstrates a large-scale
and widespread simulation program initiative in the develop-
ing world that utilizes low- to medium-fidelity equipment to
create a sustainable educational framework [62].

Mannequin Design Considerations for Limited-
Resource Settings

Any health technology or simulator that is developed specifi-
cally for LRS must conform to certain considerations that are
often unique to these environments. These include:

Fig.25.5 a MamaNatalie®
Birthing Simulator and b its use
in situ: This simulator is strapped
on to the operator who takes the
role of the mother and manually
controls the training scenario.
The simulator has the following
features: bleeding to simulate
postpartum hemorrhage, position-
ing and delivery of the baby, de-
livery of the placenta, fetal heart
sounds, cervix landmark, urinary
bladder catheterization, uterine
massage, and uterine compres-
sion. (Photos used with permis-
sion from Laerdal Medical)

1. Harsh environmental conditions including temperature
extremes, humidity, and dust.

2. Supply chain: Distribution and repair of simulators can
be challenging in LRS. Industry support for higher tech-
nology simulators in many countries is usually lacking.
Therefore, mannequins that require disposables, replace-
ment parts, or frequent servicing are less likely to remain
operational.

3. Lack of operator training: Mannequins in LRS generally
need to be simple enough that community-level providers
with limited training can safely and effectively use them
to disseminate teaching programs. Therefore, their design
must be relatively simplistic and user-friendly.

4. Cost: Per capita healthcare expenditures in LRS are a small
fraction of what they are in the developed world, which
results in enormous cost pressures on healthcare products
for LRS. Simulation technologies are often unaffordable
for both governments and individuals in LRS. This will
inevitably result in a lack of supply of healthcare technolo-
gies by established manufacturers to LRS markets.

5. Need for quality: Simulation technology for LRS markets
need to be of at least as high quality and reliability as
those for developed countries to be setting appropriate
and achieve impact. A simulator that fails in the devel-
oped world can usually be readily replaced or fixed, but
that may not be possible in LRS, as discussed above.

6. Paucity of country-specific evidence: Most simulation
technology and devices are designed and developed for
populations in high-resource countries that typically con-
stitute the primary and most lucrative markets for these
products. The vast majority of simulation task trainers
have not been evaluated in LRS. This leaves LRS popu-
lations vulnerable to suboptimal devices for their educa-
tional needs.

MamaNatalie® Birthing Simulator

MamaNatalie® is a simulation device, worn by an SP or faci-
litator that can simulate PPH, high-risk deliveries, and a wide
range of other obstetric complications (see Fig. 25.5a, b).
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Fig.25.6 a NeoNatalie®
Newborn Simulator for neonatal
resuscitation and its use in situ in
Senegal: An inflatable, portable
simulator designed to teach basic
neonatal resuscitation skills. The
simulator has a natural weight
when filled with water and in-
cludes features such as spontane-
ous breathing, palpable umbilical
pulse, and crying. It can be used
for role-play scenarios such as
normal post-birth care, standard
resuscitation, positive pressure
ventilation, and chest compres-
sions. Training materials have
been translated into multiple
languages for use in LRS around
the world, as can be seen in b.
(Photos used with permission of
Laerdal Medical)

The mannequin was designed to be used in collaboration
with NeoNatalie® for training of TBAs and midwives in
LRS, who may need to manage care of both mother and in-
fant after delivery. The use of this simulator is being increas-
ingly implemented in LRS where emergency obstetric care
may be limited to community health workers and TBAs as
part of the Helping Mothers Survive: Bleeding After Birth
(HMS:BAB) program. This SBE program is aimed at reduc-
ing PPH, the leading cause of maternal mortality worldwide
and another target of the WHO MDGs [63, 64].

NeoNatalie® Newborn Simulator

NeoNatalie® is a low-technology inflatable neonatal simu-
lator designed to teach basic neonatal resuscitation skills
(see Fig. 25.6a and b). The simulator’s features include
crying, spontancous breathing, chest wall movement with
bag-mask ventilation, and umbilical cord pulsation. It was
purpose-built for the HBB program and has been used in LRS
for dissemination of the HBB curriculum described below.

Examples of Program Implementation in Limited-
Resource Settings Using Mannequin Simulation

Helping Babies Breathe Program

HBB is an initiative of the American Academy of Pediatrics
in collaboration with other partners, developed with cur-
ricular input from WHO. It is a neonatal resuscitation cur-
riculum using SBE for resource-limited circumstances [62].
Prior curricular programs in Essential Newborn Care (ENC)
and Neonatal Resuscitation Programs (NRP) with birth at-
tendants in rural communities demonstrated mixed outcomes
[65—67]. Data from observational studies have shown that
community health workers can perform basic resuscitation

skills that have the potential to substantially reduce intrapar-
tum-related neonatal deaths, but that a major gap existed in
terms of strategies to address home births and births in rural
and LRS facilities far from referral institutions [68]. The
HBB program was developed to address these gaps.

The program was piloted in Kenya and Pakistan, where
assessment of participant knowledge and skills pre-/post-
program demonstrated significant gains. Bag-valve-mask
ventilation was identified as a skill that required more ac-
tive practice and mentoring in order to be mastered by some
participants [69]. The program has subsequently been imple-
mented in several LRS countries, and studies of its efficacy
in these settings are ongoing. In India, a train the trainer
cascade model was used to train almost 600 birth attendants
from rural primary health centers and district and urban hos-
pitals. Investigators examined over 4000 births before and
after implementation of training and were able to demon-
strate a significant reduction in stillbirths in the area where
training had been integrated. However, neonatal mortality
rates overall remained unchanged [70].

The HBB strategy was used to train master instructors
in Tanzania, who subsequently delivered the program to re-
gional instructors, who in turn trained health providers in
smaller facilities. Within the 2 years after intervention, there
was a 24 % reduction in the rate of stillbirths and a 47 % re-
duction in early neonatal mortality, defined as death within
the first 24 h. This program focused on grassroots birth at-
tendants practicing in rural facilities rather than on hospital-
based physicians [71]. HBB program implementation has
also been formally studied in Ethiopia, Rwanda, and Nepal
with promising preliminary results toward the objective of
addressing MDG #4 to reduce child mortality [72—74]. The
preliminary successes of this type of program demonstrate
the feasibility of an evidence-based curriculum utilizing
SBE in LRS.
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Saving Children’s Lives Program

Saving Children’s Lives (SCL) is an initiative of the AHA
in collaboration with the Children’s Hospital of Philadel-
phia that aims to reduce under-five mortality rates (UFMR)
through a contextualized resuscitation training program
utilizing SBE. It is designed to increase healthcare provid-
er competence to treat pneumonia and diarrhea, improve
system-level reporting of resource availability, and increase
reporting of quality of provider performance. Begun in late
2013, this program has been piloted in Tanzania and Bo-
tswana, with early data showing significant improvement in
provider confidence and knowledge of correct management
of acute pneumonia and diarrhea [75]. The SCL program
is also being piloted in Gujarat, India, to train community
health workers to coordinate with local emergency response
systems to identify and treat children in the community with
pneumonia and diarrhea early in their disease course.

Operation Smile—Simulation-Based Education in
Perioperative Pediatric Training

SBE has a role in mission-based healthcare delivery as well.
Operation Smile, an NGO focused on cleft lip and palate re-
pair, has endeavored to develop increased local capacity in
LRS countries where clefts are epidemiologically common.
In collaboration with SBE experts, an educational periopera-
tive pediatrician (POP) training program was developed for
Operation Smile pediatric volunteers from LRS countries.
Based on the AHA PALS course, POP was tailored to the
clinical situations commonly presenting during perioperative
emergencies in LRS. The program was implemented with
clinicians from different cultures and linguistic backgrounds,
being piloted with students from nine different countries [76].
High-fidelity simulators and real-time language interpreta-
tion were used to enhance active learning. During the 2-day
course, over 50 % of the time was spent in hands-on simula-
tion training. The SP scenarios developed for the POP course
are also commonly used as preparatory mock codes during
missions, which are implemented with the clinical care team
prior to the first surgical case during mission-based surgery.
These contextualized simulated emergency scenarios serve
as a mechanism to enable ad hoc mission teams to discuss
threats to patient safety, reinforce emergency protocols, and
allocate team roles during emergency situations arising dur-
ing the surgical missions.

Emergency Triage Assessment and Treatment

Emergency Triage Assessment and Treatment (ETAT) is a
three and a half-day course designed by the WHO based on
the UK Advanced Pediatric Life Support Training and tai-
lored to LRS. Its simulated scenarios are designed to teach
health workers with limited clinical background to triage
sick children as well as initiate treatments for airway and
breathing, circulation, and neurologic emergencies in chil-

dren under 5 years of age. Although simulation mannequins
are not mandatory, the course utilizes existing resources
and equipment to train participants, which increases the rel-
evance to the participants’ work environments [77, 78].

Examples of Simulation-Based Education
Programs Using Task Trainer Simulation

There are a multitude of studies on CPR training in LRS,
but few of these examine comparative SBE teaching mo-
dalities with feedback [79, 80]. One study that did so ex-
amined whether task trainer CPR mannequins with feedback
and lower instructor to student ratios could train learners as
well as traditional instructor-led CPR [81]. Baseline perfor-
mance data were collected on healthcare providers in Bo-
tswana using CPR task training mannequins and then pro-
spectively randomized participants to three training groups:
instructor-led, limited instructor with mannequin feedback,
or self-directed learning. Subsequently, serial examinations
on performance were measured after training up until 6
months post training. Excellent CPR skill acquisition was
significant and was retained to 3 and 6 months. Novel train-
ing with mannequin feedback was not inferior to traditional
instructor training [81]. This is encouraging data to support
the use of simple task training mannequins with feedback in
LRS. The use of feedback mannequins may be more reliable
and equally cost-effective to developing and maintaining a
large training infrastructure in LRS.

Use of Simulated or Standardized Patients
and Hybrid Simulation in Limited-Resource
Settings

Simulated or Standardized Patients (SPs) have been used in
LRS for both instruction and assessment [82-84]. In LRS
that may be remote from tertiary care facilities and therefore
may not have access to specialty care patients, SPs can sup-
plement the learner experience by providing a standardized
presentation of specific disease processes for both formative
and summative learning. SPs also provide psychological
safety within the learning environment for novice learners,
particularly in the practice of sensitive examinations, such
as pelvic breast or rectal examinations, which may be even
more critical in certain sociocultural and religious contexts.
In some conservative societies, female patients may refuse
certain providers and not be willing to allow students to ex-
amine them.

Researchers in Myanmar used SPs playing the role of a
patient’s mother to assess ability of providers to diagnose
and treat pediatric malaria [83]. Another development in SP
simulation has been in the use of online virtual patients for
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Fig. 25.7 Hybrid simulation for sensitive examinations: The photos
(a, b) depict combined use of partial task trainers (pelvic exam trainer
and rectal exam trainer) in conjunction with a standardized patient
to assess both clinical examination skills and patient communication
skills. In a multicultural or conservative society, it can be difficult to re-
cruit standardized patients willing to allow novices to perform sensitive

technological skills instruction and capacity building for
healthcare educators in Malawi [85]. These virtual patients
are designed by teams of healthcare professionals to be con-
textualized for in-country medical education.

SPs provide a degree of fidelity which is not possible
when using mannequins alone. However, partial task train-
ers and mannequins provide students with the ability to prac-
tice invasive procedures such as venous cannulation, urinary
catheterization, and sensitive examinations to which SPs
may not wish to be subjected. When a partial task trainer
(such as a pelvic exam model or rectal model) and an SP are
combined, as in the case of a hybrid simulation, students are
able to participate in a realistic human interaction and prac-
tice communication skills while performing basic clinical
skills (see Fig. 25.7a and b). Hybrid simulation has also been
used in medical and nursing school curricula in the Middle
East, where gender and religious preference often limit stu-
dent exposure to opposite-sex, gender-specific examinations
[84]. Investigators have been able to demonstrate improved
student confidence in sexual history taking and breast/pelvic
examination skills after participation in hybrid simulations
designed to teach these skills.

The Future of Simulation-Based Education in
Limited-Resource Settings

With the ongoing globalization of medical education, LRS
are the next frontier in SBE. If the medical community at
large is able to address many of the MDGs, it must be with a
platform in mind for global educational reform as a priority
to accomplish these goals. Simulation can and should play a
major role in this platform. It will be crucial to anticipate and
address in advance the many challenges that will be inherent

examinations such as breast, pelvic, or rectal exams. Hybrid simulation
provides a way to circumvent these issues while maintaining a stan-
dardized educational experience for novice learners. (Photos used with
permission of Perdana University Clinical Skills Unit, Kuala Lumpur,
Malaysia)

in this. The importance of program dissemination, sustain-
ability, and local buy-in cannot be understated. The creation
of sustainability can be a difficult process, but involving
interprofessional local in-country partners is a critical and
key component in the process in order to obtain diversity of
perspectives and ensure pragmatic applicability of programs.
Other challenges will include competing priorities and po-
tential diversion of resources by MOH, Ministries of Edu-
cation, and other governmental agencies that often govern
these types of programs in LRS countries.

Educators must also consider the global epidemiology of
disease burden and ensure that SBE programs address this
epidemiology in a country-specific or region-specific man-
ner. Essential to this process is the creation of learning ob-
jectives and program goals that align with local needs and
protocols in order to address pertinent medical issues that
are relevant to a particular country or area. Within the field
of pediatrics, many platforms for SBE in LRS have already
begun, but further demonstration of both short- and long-
term impacts of these programs will be the key to sustain
funding and interest. As mentioned above, organizations that
undertake simulation in LRS must be willing to invest in sys-
tem strengthening and capacity building in the settings where
they establish these programs. It is now incumbent upon the
medical education community to ensure that these programs
achieve success through the use of rigorous research meth-
odologies, with the ultimate goal being improvement in cur-
rent and future health care for children on a global scale.
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