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Online learning for crisis response: s

evaluating reach and perceived knowledge
gains from the MOOC “Infection, Prevention,
and Control of Acute Respiratory

Infections for Healthcare Workers in Low-
and Middle-Income Countries (IPC MOOC)”

Bernarda Espinoza-Castro'?", Verdnica Encina’, Marie Astrid Garrido®, Fausto Ignatov Vinueza'?,
Juan Pablo Piedra?, Ximena Garzon-Villalba® and Katja Radon'

Abstract

The COVID-19 pandemic had challenged healthcare systems worldwide, significantly affecting healthcare workers
(HWs), particularly in low- and middle-income countries (LMICs). To address the urgent need for infection prevention
and control (IPC) training among diverse healthcare roles, the Massive Open Online Course (MOOC) titled "Infection,
Prevention, and Control of Acute Respiratory Infections for Healthcare Workers in Low- and Middle-Income Countries (IPC
MOOC)" was developed and implemented in Ecuador. This study aimed to evaluate reach and perceived knowledge
gains from the IPC MOOC, focusing on whether successful course completion was influenced by sociodemographic
factors or occupational roles (manual vs. intellectual work) and whether satisfaction and perceived learning outcomes
differed between these groups. The IPC MOOC was developed through an interdisciplinary collaboration involving
experts from the Center for International Health at the LMU Munich University Hospital (CIH™Y) and their partners

in Latin America. It utilized problem-based learning and interactive scenarios to teach IPC principles in the context

of COVID-19. The course was offered to all Ecuadorian healthcare workers between August and December 2021,

with a total of 3498 participants enrolling. Data were collected through registration and post-MOOC surveys and ana-
lysed using Chi-squared and Mann-Whitney U tests to assess the influence of sociodemographic and occupational
factors on course completion and satisfaction, and to compare perceived learning outcomes between manual

and intellectual workers. Of the enrolled participants, 75% completed the IPC MOOC successfully, with no significant
differences in completion rates based on gender, region, or occupation. Among the 809 participants who com-
pleted the post-course survey, 80% reported high satisfaction (on a scale from 0 to 100%) with the course, and 95%
would recommend it to colleagues. There was a small but statistically significant difference in perceived knowledge
before the course between manual and intellectual workers (3.41 vs. 3.57 on a 5-point Likert scale; p=0.02), but post-
course perceived knowledge was similar for both groups (4.08 vs. 4.14 on the same Likert scale; p=0.41). The IPC
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MOOC demonstrated to be an effective and accessible training tool, bridging knowledge gaps across diverse health-
care roles and promoting equitable access to IPC education. The high completion and satisfaction rates indicate its
potential as a scalable educational intervention in health crisis.

Keywords Infection prevention and control (IPC), Massive open online course (MOOC), Healthcare training, Crisis

response training, Public health education

Introduction

The COVID-19 pandemic had significantly impacted
healthcare systems worldwide, placing immense strain
on the health workforce, one of the six essential build-
ing blocks of health systems [1]. The scale of the outbreak
and the nature of the public health response have varied
from country to country, with contextual factors influ-
encing the extent to which healthcare workers (HWs)
were exposed to pandemic-related stressors [2]. In the
Americas, between the start of the pandemic and the
end of 2021, there were at least 2.4 million reported cases
of COVID-19 among HWs, resulting in about 13,000
deaths. These cases accounted for 16% of the estimated
15 million HWs in the region (3, 4].

This drastic increase in infections forced changes in the
management of healthcare facilities. Clinical staff were
assigned as frontline personnel, while non-clinical staff,
such as administrative staff, maintenance workers, food
service workers, custodians, and support personnel, took
over the tasks of those deployed to the front lines [5, 6].
Additionally, some HWSs had to work with COVID-19
patients without having a professional background or train-
ing in infection prevention and control (IPC), and qualified
professionals did not have the time to properly train their
colleagues [7, 8]. The varying nature of these roles, com-
bined with delayed or insufficient IPC guidelines, created
significant challenges and uncertainty for HWs [7].

These challenges underscore the critical role of infec-
tion prevention and control (IPC) measures in protect-
ing both healthcare workers and patients. However, the
lack of adequate IPC training and resources exacerbated
the risks faced by HWs during the pandemic. Recogniz-
ing these challenges, the World Health Organization
(WHO) highlights the importance of IPC, defining it as
“a clinical and public health specialty that uses a practi-
cal, evidence-based approach to prevent patients, health
workers, and visitors to healthcare facilities from being
harmed by avoidable infections, acquired during the pro-
vision of healthcare services” [9]. Hence, it has been sug-
gested that providing proper IPC training and adequate
personal protective equipment (PPE) to all HWs is indis-
pensable for ensuring a safe workplace and maintain-
ing workforce availability in the long run [10]. Several
studies conducted during the COVID-19 pandemic had
reported various issues related to IPC and PPE training

for healthcare workers. These issues include a lack of or
insufficient training, training that is not easily accessible
or adaptable to the demanding schedules of healthcare
workers, and training that excludes cleaners, porters,
kitchen staff, and other support personnel [10-16]. For
instance, a qualitative study by Jeleff et al. reported that
cleaning staff experienced fear of being infected by
SARS-CoV-2, primarily due to a lack of information
regarding transmission pathways [7].

Given the rapid spread of the virus and the urgent need
for up-to-date knowledge and practices, several organi-
zations switched from in-person IPC training to online
learning. This shift required an expansion of online learn-
ing opportunities for HWs such as the massive open
online courses (MOOC:s) [17]. MOOCs are advantageous
because they can reach large and diverse groups from
various geographic and socioeconomic backgrounds
[18]. They are often offered for free or are relatively inex-
pensive compared to traditional forms of education and
can enhance learner engagement and motivation if they
include interactive elements [19], making them suitable
for emergency response situations [18-20]. However,
MOOC:s are also criticized for having low completion
rates [21], being difficult for learners with limited tech-
nological proficiency or poor internet connectivity, and
offering limited direct interaction with instructors [22].

Despite these challenges, MOOCs remain a valuable
tool for rapidly disseminating critical knowledge, particu-
larly in crisis situations. Building on this potential, the
MOOC: Infection, Prevention, and Control of Acute Res-
piratory Infections for Healthcare Workers in Low- and
Middle-Income Countries (IPC MOOC) was developed
to equip healthcare workers worldwide with essential
IPC knowledge to mitigate the spread of SARS-CoV-2 in
healthcare settings. In this context, the IPC MOOC was
implemented in Ecuador, targeting HWSs in public health-
care facilities. Ecuador was selected as a case study due to
its persistently high rates of COVID-19 infections among
HWs [23], as well as the significant challenges in provid-
ing timely and accessible training, particularly in rural
areas [24]. Another key factor was the existing dispari-
ties in healthcare training across socioeconomic groups,
driven by differences in education and income levels
[23, 25, 26]. Additionally, the widespread availability of
Internet access in many healthcare facilities provides an
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opportunity to mitigate these gaps through online edu-
cational platforms, enhancing equitable access to medical
training [23, 27].

To evaluate the potential and success of the IPC
MOOC, this study aimed to answer two key research
questions: 1) Did the successful completion of the IPC
MOOC depend on sociodemographic factors or occupa-
tion (manual work/intellectual work)? and 2) Were sat-
isfaction levels and perceived learning outcomes equally
well suited for the target group?

Methods

MOOC development and delivery

The MOOC: Infection, Prevention, and Control of
Acute Respiratory Infections for Healthcare Workers in
Low- and Middle-Income Countries (IPC MOOC) was
developed through an iterative process involving regular
Zoom meetings and email exchanges between the course
lead and the project team. The team was characterized by
its interdisciplinary nature (nursing (VE, MAG), sociol-
ogy (FIV), medicine (BEC), and occupational epidemiol-
ogy (KR)) and its international composition (Germany,
Ecuador, and Chile), with experience in blended learn-
ing education from the Center for International Health
at the University Hospital of LMU Munich (CIH"MY)
within the OH-TARGET project (One Health Training
And Research Global NETwork), founded by the German
Federal Ministry for Economic Cooperation and Devel-
opment (BMZ) and the German Academic Exchange
Service (DAAD).

The IPC MOOC is offered via the Learning Manage-
ment System “CIH"MY Moodle” (https://cih-moodle.
med.lmu.de/course/view.php?id=246). It was provided in
Spanish and has an estimated workload of approximately
20 hours. The MOOC was developed using a problem-
based learning methodology. It consists of nine man-
datory units and one optional unit. Each unit contains
animated and interactive scenarios introducing specific
risk situations that healthcare workers might have faced
daily during the COVID-19 pandemic as an example of
an acute respiratory infection. These scenarios follow the
story of Mr. Fountain, a patient who begins his journey
at a primary healthcare facility after showing symptoms
of an acute respiratory infection. As his condition wors-
ens, he is transferred to a hospital, where he progresses
through the emergency room, hospitalization, and
Intensive Care Unit (ICU), highlighting the importance
of proper IPC measures and mental health strategies
for healthcare workers (Table 1) in each setting, taking
into consideration their particularities from the HW’s
perspective.
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Participant progress was tracked on the CIH"MY Moo-
dle platform, allowing for the verification of course
activity completion and calculation of final grades. The
Moodle-based format allowed participants to access the
course from both computers and portable devices alike.
This ensured greater accessibility and flexibility, accom-
modating different user preferences and device avail-
ability. Participants who met the course requirements
received a certificate of participation from CIH'MY, The
requirements to complete the course and receive a cer-
tificate were: 1) successful completion of the nine units
with a minimum score of 60% on the tasks, and 2) pass-
ing the Final Assessment with a minimum score of 60%

Study participants and setting

Between August and December 2021, the Ecuadorian
Ministry of Health, in collaboration with CIH'"MV, offered
the IPC MOOC to all healthcare workers in the public
health sector in Ecuador, as part of a support initiative
during the COVID-19 pandemic. The course was recom-
mended to doctors, nurses, medical assistants, admin-
istrative staff, porters, caterers, and maintenance and
cleaning workers. A total of 3,498 participants registered
for the course and completed the registration survey, out
of an estimated 90,000 healthcare workers in Ecuador,
representing approximately 4% of the country’s public
health workforce [28]. Of those registered, 2677 partici-
pants successfully completed the course by achieving
a minimum score of 60% on all evaluations and assign-
ments. Upon course completion, a post-MOOC survey
was offered to assess participants’perceptions of their
knowledge before and after the course, as well as their
feedback and overall satisfaction with the course. The
voluntary post-MOOC survey was completed by 809
participants who had successfully finished the course.

Data collection

Registration survey

The data for this study were collected at two key points:
during initial registration and after completion of the
MOOC. All surveys were administered in Spanish to
ensure accessibility for the target audience. In both sur-
veys, all participants provided informed consent to
participate in the study prior to data collection. The reg-
istration survey included sociodemographic information
such as gender (male, female, other), health institutions
(The Ministry of Public Health Ecuador, the Ecuado-
rian Institute of Social Security (IESS), the Institute of
Social Security for the Armed Forces (ISSFA), and Social
Security Institute of the National Police (ISSPOL)), and
region of work (Amazon region, Coastal and Galapagos
region, and Andean region). Current occupation was also
assessed and classified according to the International
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Standard Classification of Occupations (ISCO-08),
divided into two categories: manual workers and intel-
lectual workers [29]. “Manual workers” included indi-
viduals whose jobs required either no training, specific
job-related training, or a secondary school certificate.
“Intellectual workers” refers to participants whose posi-
tions require university education.

Post-MOOC survey

The post-MOOC survey consisted of 26 questions
assessing the first level of Kirkpatrick’s evaluation
model [30]. The first section of this survey assessed
participants’perception of their prior knowledge before
starting the course on a scale from 0 (very low knowl-
edge) to 5 (high knowledge). The feedback section
included eight questions evaluating satisfaction with the
course, such as content and structure, the time required,
the use of interactive videos, the final assessment, the
automatic registration process, the support provided
by the tutors, and overall satisfaction. Answers were
assessed on a 5-point Likert scale ranging from “not at all
satisfied” to “highly satisfied” (0 to 5). Finally, the survey
measured participants’perception of their level of knowl-
edge after completing the course, again using a scale from
0 (very low knowledge) to 5 (high knowledge).

Data analysis

Data analysis was performed using SPSS® version 25.0
(IBM, Armonk, NY, USA) to address the following
research questions:

1) Did the successful completion of the IPC MOOC
depend on sociodemographic factors or occupation
(Manual work/intellectual work)?

2) Did the level of satisfaction and perceived learning
vary between HWs who perform manual work and
those who perform intellectual work?

For the first question, sociodemographic characteris-
tics and occupation between participants who passed the
course and those who did not pass the course were com-
pared using Chi-squared test. The nominal and ordinal
variables were presented as absolute and relative frequen-
cies. For the second question, a bivariate analysis using
the Mann-Whitney U test was performed to assess the
difference in satisfaction and perceived learning between
professionals who perform manual work and those who
perform intellectual work.

Results

All 3498 enrolled participants were Ecuadorians, from
the Coastal and Insular regions (46%) and the Andean
region (44%). More than half of the participants were
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female (58%). About 57% of the participants were intel-
lectual workers (doctors (31%) and nurses (20%) repre-
senting the largest groups). With respect to the type of
health institution, health-workers employed by the Min-
istry of Public Health were the largest group (40%).

A total of 75% of participants completed the course
requirements and passed the course. There was no sta-
tistically significant difference in sociodemographic
between participants who passed the course and those
who did not (Table 2).

Of the 809 participants who completed the post-IPC
MOOC questionnaire, approximately 63% were intel-
lectual workers. Half of the participants completed the
course using a computer only, while 15% used both com-
puters and smartphones. Most of the respondents (80%)
reported high satisfaction with the course content, struc-
ture, and interactive videos, while 95% stated they would
recommend the course to their colleagues. The overall
quality of the course was rated with a median score of
4.31 on a scale from 0 (poor) to 5 (excellent) (25th per-
centile 3.92; 75th percentile 4.67).

There was a small but statistically significant difference
in the perception of the level of knowledge before the IPC
MOOC between manual workers and intellectual work-
ers (3.41 vs. 3.57; p=0.02). By the end of this course, the
perceived knowledge increased up to 4.08 in the group
of manual workers and to 4.14 in the group of intellec-
tual workers (p= 0.41). No significant differences were
observed between the two groups in overall satisfaction
or perceived time demand (Fig. 1).

Discussion

To the best of our knowledge, this is the first study to
evaluate an IPC-focused MOOC designed for healthcare
workers across all occupational roles in low-resource
settings during the COVID-19 pandemic. Our results
indicate that the intervention achieved its intended
objectives.

The urgency of IPC training became evident as stud-
ies highlighted how task shifting, driven by shortages
of healthcare workers, particularly in low- and middle-
income countries, created a pressing need to equip all
roles of health personnel with adequate IPC skills [31—
33]. In many cases, non-clinical staff were reassigned
to medical roles without adequate preparation [5, 6],
underscoring the need for accessible IPC education [7,
8]. Findings from Tomczyk et al. reinforce this necessity,
demonstrating that IPC training benefits all staff catego-
ries, including those with prior knowledge [34]. Further-
more, they emphasize that in complex emergencies, IPC
training must extend beyond traditional frontline work-
ers, as the definition of those at risk broadens [34]. Our
IPC MOOC effectively addressed these challenges by
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Table 2 Descriptive analysis of sociodemographic characteristics and course completion status of 3498 IPC MOOC participants

Variables Course completion pX
No? Yes
n (%) n (%)
Gender Female 503 (58.2) 1532 (58.4) 0.90
Male 362 (41.8) 1092 (41.6)
Place of work Amazonian region 83 9.7) 226 (8.7) 0.56
Cost & Galapagos region 393 (45.6) 1206 (46.4)
Andean region 384 (44.7) 1172 (45.0)
Occupation Intellectual workers® 335 (56.4) 780 (56.3) 0.45
Manual workers® 258 (43.7) 768 (43.1)
ISSFA 246 (31.5) 705 (29.4) 057
Health Institutions IESS® 159 (204) 541 (22.5)
Ministry of Public Health 318 (40.7) 978 (40.7)
ISSPOL' 58 (74) 178 (7.4)

2 Participants who either dropped out of the MOOC or did not achieve the passing grade

b Manual workers: participants whose jobs required either no training, specific job-related training, or a secondary school certificate

¢ Intellectual workers: participants whose positions require higher education (university)

9 Institute of Social Security for the Armed Forces
€ Ecuadorian Institute of Social Security
fSocial Security Institute of the National Police

providing training that was independent of socio-demo-
graphic factors or occupational roles. A statistically sig-
nificant difference in perceived knowledge was observed
between manual and intellectual workers before the
course. However, both groups reported similar knowl-
edge levels after completion, suggesting that the MOOC

Knowledge before
MOOC

o

p =0.021

w

Overall
Satisfaction

Value

p=0172

Manual Workers ntellectual Workers

helped reduce knowledge disparities and equipped all
healthcare workers with essential IPC competencies.
Another major factor contributing to the course’s effec-
tiveness was the high global demand for IPC knowledge
during the pandemic and the advantages of the MOOC
format [18, 35, 36]. Several studies have highlighted

Knowledge after
MOOC

o

p=0417 1

w

Time Demand

p=0976

1

Manual Workers Intellectual Workers

Occupation

Fig. 1 Evaluation of IPC MOOC by occupation (Manual: n=297 vs. Intellectual: n=512)- knowledge perception, overall satisfaction, and time

demand
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inadequate IPC training, particularly among support staff
such as cleaners, porters, and administrative personnel
[7, 11, 13, 15, 16]. For example, Elhadi et al. (2020) found
that 53% of healthcare workers in Libya lacked sufficient
IPC training, partly due to the limitations of in-person
training [37]. MOOCs addressed this gap by providing
a scalable and accessible learning platform, reaching a
broad audience regardless of location [18, 35] and taking
into consideration accessibility aspects regarding device
preferences and availability. Their flexible format allowed
for rapid knowledge dissemination, ensuring that health-
care workers could receive essential IPC training even
when traditional in-person methods were not feasible
[35, 36]. This MOOC serves as an example of rapid reach,
having engaged 3,498 healthcare workers within just five
months.

In addition to the course format, a further strength
in the Ecuadorian context is the relatively high level of
internet connectivity compared to many other low- and
middle-income countries. According to the Pan Ameri-
can Health Organization (PAHO), 76.2% of Ecuador’s
population had an internet connection in 2021 [27].
While limited internet access is often cited as a barrier
to MOOC participation in many regions, in Ecuador
it functioned as an enabling factor, facilitating broader
engagement with the IPC MOOC across diverse health-
care worker groups.

This broad access to connectivity, combined with the
overall effectiveness of the IPC MOOC, might contrib-
uted to the high levels of engagement and completion
observed in the course. Approximately, 80% of partici-
pants expressed satisfaction with the course content,
structure, and interactive videos. This satisfaction likely
contributed to the course’s 75% completion rate, which
exceeded the typical MOOC completion rates of 5%—10%
[18, 21] and was even higher than OpenWHO courses
(45.9%), Murugesan et al. (53%), and Goldin’s courses
(56%) [35, 38, 39]. The urgency of acquiring crisis-related
knowledge and support from the Ecuadorian Ministry of
Health likely played a role in this high engagement. Addi-
tionally, Maxwell’s findings suggest that the inclusion of
animated videos, such are those implemented in the IPC
MOOC, might improve interactivity and reduce learning
time [18, 19].

Despite these strengths, this study has some limita-
tions. First, a potential completion bias may have been
introduced, as the evaluation included only participants
who successfully completed the course. Additionally, the
relatively low response rate to the post-MOOC survey
may have introduced response bias, limited the repre-
sentativeness of participants’ feedback.
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Second, due to the emergency conditions under which
the IPC MOOC was implemented, a pre-course assess-
ment was not conducted to minimize the burden on
healthcare workers. Instead, participants retrospectively
rated their prior knowledge in the post-course survey,
relying on self-perception rather than objective meas-
ures. While this approach enabled timely data collec-
tion during a crisis [40], it may have introduced recall or
response-shift bias, limiting the reliability of conclusions
about actual knowledge acquisition. Future evaluations
should incorporate a pre-post design to more accurately
measure learning outcomes.

Third, the study focused exclusively on short-term out-
comes based on self-reported data collected immediately
after course completion. As a result, mid- and long-term
effects such as sustained knowledge retention and the
application of IPC practices in daily professional settings
were not assessed. Future research should include longi-
tudinal follow-ups with larger and more diverse samples
to evaluate the persistence and real-world impact of the
training.

Fourth, because the IPC MOOC was implemented
within the specific healthcare and sociocultural context
of Ecuador, the generalizability of the findings to other
low- and middle-income countries (LMICs) may be
limited. Differences in healthcare infrastructure, digital
access, and pandemic response strategies could influ-
ence both the course’s accessibility and its effectiveness in
other contexts.

Finally, although tutors were available to answer
questions through online platforms, the absence of
face-to-face interaction may have reduced participant
engagement and limited opportunities for direct clarifi-
cation and peer exchange [41].

Conclusion

This study highlights the potential of MOOCs as an
effective training tool for healthcare workers across
various roles, particularly in crisis situations. The IPC
MOOC served as an innovative educational response to
the COVID-19 pandemic, ensuring rapid and scalable
dissemination of essential IPC knowledge. It indicates a
strong contribution to perceived knowledge enhance-
ment among healthcare workers in a timely manner, 3498
participants in five months.

A key strength of the course was its accessibility in low-
resource settings, where healthcare workers often face
barriers to training opportunities, such as availability of
time, resources and lack of strategic training policy. The
IPC MOOC remains open to international health work-
ers for infectious disease prevention, with free access
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available in English, Portuguese, and Spanish (https://
www.cih.Imu.de/education/short-term-courses/infec
tion-prevention-and-control-ipc-of-acute-respiratory-
infections-aris-for-healthcare-workers). The ability of
MOOC:s to deliver cost-effective training and facilitate
widespread knowledge dissemination was a key factor in
the Ecuadorian Ministry of Health’s endorsement of the
initiative.
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