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Abstract

Background: Existing research on the costs associated with the design and deployment of elLearning in health professions
education is limited. The relative costs of these learning platforms to those of face-to-face learning are also not well understood.
The lack of predefined costing models used for el earning cost data capture has made it difficult to complete cost evaluation.

Objective: The key aim of this scoping review was to explore the state of evidence concerning cost capture within eLearning
in health professions education. The review explores the avail able data to define cost calculations related to el earning.

Methods: The scoping review was performed using a search strategy with Medical Subject Heading terms and related keywords
centered on el earning and cost cal cul ation with a popul ation scope of health professionalsin all countries. The search waslimited
to articles published in English. No restriction was placed on literature publication date.

Results: Intotal, 7344 articles were returned from the original search of the literature. Of these, 232 were relevant to associated
keywords or abstract references following screening. Full-text review resulted in 168 studies being excluded. Of these, 61 studies
were excluded because they were unrelated to el earning and focused on general education. In addition, 103 studieswere excluded
because of lack of detailed information regarding costs; these studies referred to cost in ways either indicating cost favorability
or unfavorability, but without data to support findings. Finally, 4 studies were excluded because of limited cost data that were
insufficient for analysis. In total, 42 studies provided data and analysis of the impact of cost and value in health professions
education. The most common data source was total cost of training (n=29). Other sources included cost per learner, referring to
the cost for individual students (n=13). The population most frequently cited was medical students (n=15), although 12 articles
focused on multiple populations. A further 22 studies provide details of costing approaches for the production and delivery of
el earning. These studies offer insight into the ways elL_earning has been budgeted and project-managed through implementation.

Conclusions: Although cost is a recognized factor in studies detailing eL earning design and implementation, the way cost is
captured is inconsistent. Despite a perception that el earning is more cost-effective than face-to-face instruction, there is not yet
sufficient evidence to assert this conclusively. A rigorous, repeatable data capture method is needed, in addition to a means to
leverage existing economic eval uation methods that can then test el_earning cost-effectiveness and how to implement el earning
with cost benefits and advantages over traditional instruction.
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Introduction

Significant investment is necessary to adapt and expand global
health care staff to transition to the medical challenges of the
21st century. The demands on the workforce range from an
aging popul ation and emphasi s on chronic disease management
[1] to accessto primary care, where thereisadirect link to the
cost of training medical personnel. Primary care depends more
heavily on public sector investment than other medical
specialties, and scarce resources limit the number of personnel
who can be trained [2]. As one example, with the increasing
cost of delivery of carewithin the United Kingdom, the National
Health Service hasrecognized that medical providers must take
agreater rolein education and training [3]. Creating production
efficienciesin education and training may assist with the supply
of medical personnel to support clinical skills and applied
health-related skills. el earning, defined as “an approach to
teaching and learning, representing all or part of the educational
model applied, that is based on the use of electronic mediaand
devicesastoolsfor improving accessto training, communication
and interaction and that facilitates the adoption of new ways of
understanding and developing learning” [4], presentsapossible
opportunity to change and optimize training by providing a
scalable meansfor instruction, thus reducing the costs necessary
in delivery and implementation.

A potential critical opportunity of eLearning is the long-term
efficiency gain in its delivery model in contrast to other forms
of instruction; however, the costs to develop eLearning are
significant when executed to a high standard [5]. To achieve
better cost management of el earning and ensure scale-up and
adoption, data are required to identify the factorsthat influence
eLearning design and production. Research on the use of
el earning in medicine suggests that measurement of costs in
studies is often inconsistent [6]. Therefore, the aim of this
scoping review wasto provide a broad overview of the state of
evidence concerning measurement of costs in elLearning.
Understanding these costs will enable better planning in the
design and production of el earning.

Methods

Design

Scoping reviews are aform of rapid knowledge synthesis that
identify the sources and evidence available to address research
questions in a systematic manner. The established scoping
review methodology by Levac et a [7] was chosen for this
review, as the research question aims to provide a broad
understanding of theliterature availablein thisfield to ultimately
inform subsequent reviews or research agendas.

I dentifying the Relevant Research Question

To establish a comprehensive understanding of the costs [8]
associated with el earning, we conducted ascoping review [7,9]

https://mededu.jmir.org/2021/1/e13681

to assessthe avail able literature that quantifiesthe cost to deliver
el earning in health professions education. For the purpose of
thisreview, cost isdefined asthetotal costs(direct and indirect)
from inception to deployment, including the design,
development, and delivery (or implementation). Within the
study analysis, we attempt to analyze how these costs have been
reported by studies, with an understanding that separate factors
and sources of these total costs may or may not be reported.
Factorsinfluencing these costs could, for example, include the
level of experience of the teams producing content. This
aggregate grouping of studies will impact the way studies are
compared to each other and should be taken into account when
reading this review, as other study themes or classifications
could impact interpretation of results. The research question
under investigation is: What is known in the literature about
cost calculations related to eLearning in health professions
education in regard to (a) practica cost analysis, with respect
to cost per learner and comparison to face-to-face instruction;
and (b) the choicesin practice of costing methods and models?
A secondary question is: How has the publication frequency of
thisfield developed over time?

These questions were derived using the PICO (Population,
Intervention, Comparison, Outcome) framework [10]. In this
review, the population is defined as learners in health
professionsin al countries; this decision was made to ensure
comprehensive coverage of all health professionals to best
understand the state of evidenceinternationally. Theintervention
instrument being evaluated is eLearning in health professions
education (inclusive of various forms of training, including
basic and advanced continuing professional development,
university-level training, patient education, and various other
training forms provided by an equally broad group of education
training providers). The comparison used in this study is the
evaluation of costs between elLearning, other methods of
instruction such as face to face, and alternate approaches to
el earning, or studiesthat do not make use of acomparator. The
outcome was quantification and analysis of the difference in
costs between and within the implementations. We defined costs
from cost calculations used in economic evaluation, including
cost-consequence  analysis, cost-minimization analysis,
cost-effective analysis, cost-utility analysis, and cost-benefit
analysis[11].

Identifying Relevant Studies

Following consultation with an information scientist at the
Imperial College London Medical School Library on literature
search approaches, a search of the following databases was
performed in December 2015 and repeated in December 2018:
PubMed, Scopus, Education Resource Information Centre
(ERIC), Web of Science, Embase, Global Health, Health
Management Information Consortium (HMIC), Prospero, and
OVID. In asecond search, which was completed in December
2018, new paperswere added to the original dataset but did not
undergo exhaustive data charting; the dataincluded provided a
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high-level summary of contents and relevance to previously
categorized themes (these papers can be identified as studies
from 2016 to 2018).

The search strategy included use of Medical Subject Heading
terms and related keywords centered on eLearning and cost
calculation with a population scope of health professionalsin
al countries. The search was limited to English-language
studies. Therewas no restriction placed on literature publication

Textbox 1. Sample search terms.

Meinert et d

date; although online technologies have changed rapidly over
a short period of time, the authors felt that to provide a
comprehensive overview of the literature, it would be useful to
first explore research with no date restriction. The primary
research questions were kept broad to ensure that there would
be inclusion of all studies that recorded the costs to deliver
el earning globally. A high-level summary of the search strategy
isdetailed in Textbox 1; afull summary of the search strategy
used per database is detailed in Multimedia Appendix 1.

Cost-related terms

« Costsand Cost Analysis[Medica Subject Heading (MeSH) terms]
o  Cost-benefit analysis[MeSH Terms]

o  Costsand cost analysis[MeSH Terms]

« Cost*

«  Economic*

Learning-related terms

o Learning [MeSH Terms]
o elearning

. Blended learning

e  Onlinelearning

Study Selection

Following the process used in this scoping review method, study
selection was based on study identification with data centered
on studies that identified cost factors and variables in health
professions education eLearning. The literature was reviewed
independently by two researchers (JE and EM) to identify
articles. A third researcher (CB) adjudicated disagreements
when necessary. Article abstracts were first scanned for
relevance to the research question and then full articles were
downloaded to verify appropriateness. The inclusion criteria
included studies and reviewsthat examined el earning in health
professions education, and captured data concerning design,
development, and production costs. Papers that provided
synthesis or editorializing of issues without data (ie, opinion
pieces and commentaries) were excluded (Multimedia Appendix
2).

Charting the Data

The definition of cost in this review is centered on the
hypothesized cost savings derived from apossible reductionin
labor coststhrough scaling teaching viadigital technology; cost
was defined as the production and delivery costs (direct and
indirect) of onlinelearning [12]. Studiesincluded were classified
to explore different ways of comparing and analyzing factors
influencing these costs. Studieswere chartered into two groups:
(1) studies detailing costs for el earning implementations and
(2) studieswith detailed costing methods (approachesto capture
costs) for eLearning but without implementation of specific
data. Group 1 was further charted into two separate groups: (1)
studies with comparison to other learning types and (2) studies

https://mededu.jmir.org/2021/1/e13681

without acomparator. For these two subcategories, we excluded
studies disclosing that the cost data provided were incomplete.

Collating, Summarizing, and Reporting the Results

Each study was reviewed individualy to understand the
implementation aspects of each reported el earning instance.
The studies were then summarized into four categories: (1)
studies that detail eLearning costs without a comparator, (2)
studiesthat detail el earning costswith acomparator, (3) related
data from two related systematic reviews, and (4) studies that
detail costing approaches. The results are presented as a
narrative summary of the principal aspects of each study
organized via main classification themes to present evidence
that can inform the development and deployment of el earning
by defining the factors that influence implementation costs and
the criteriathat should be used to explore cost optimization.

Results

Overview of Included Studies

In total, 7344 articles were returned from the search of the
literature (Figure 1). Of these, 232 were relevant to associated
keywords or abstract references to cost following screening.
Full-text review resulted in 168 studies being excluded. Of
these, 61 studies were excluded because they were unrelated to
el earning and focused on general education. In addition, 103
studies were excluded because of lack of detailed information
regarding costs; these studies referred to cost in ways either
indicating cost favorability or unfavorability, but without data
to support findings. Finaly, 4 studies were excluded because
of limited cost datainsufficient for analysis. Intotal, 42 studies

JMIR Med Educ 2021 | vol. 7 | iss. 1 13681 | p.5
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(Table 1) provided data and analysis of the impact of cost and
value in health professions education. Completeness of data
extracted varied, which resulted in some datasets in the final
inclusion data chartsto be designated as not available/applicable
toreflect inability to abstract usable information; however, these
studies remained within theinclusion set because of partial data
that contributed to the narrative analysis. These studies
contrasted to studies excluded at the earlier screening stage
because of cost being a secondary outcome of theinvestigation
and the cost data being of greater focus than those of the

Meinert et d

excluded studies. The most common data source was the total
cost of training (n=29). Other sourcesincluded cost per learner,
meaning the cost per student (n=13). The population most
frequently cited was medical students (n=15), although agroup
of articles focused on multiple populations (n=12). A further
22 studies provide details of costing approaches for the
production and delivery of el earning. These studies offer insight
into the ways that eLearning has been budgeted and
project-managed through implementation.

Figurel. PRISMA (Preferred Reporting Itemsin Systematic Reviews and Meta-Analyses) flow diagram of search and screening for costs of eLearning

implementation.
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Table 1. Studiesthat provide costs for el earning implementation.?

Meinert et d

Reference Year Comparison Study design Subject Cost source HcpP population
Allan et al [13] 2008 None Case Evidence-based Total cost Clinicians
medicine
Bandlaet al [14] 2012 None Case-control Sleep medicine Total cost Medical students
Berger et a [15] 2009 Face to face Case- control Patient education  Per learner Nurses
Butler et al [16] 2013 None RCT® Behavior change  Per learner Clinicians, nurses
counseling
Choi et a [17] 2008 Other learning Case Surgical anatomy  Total cost Medical students
Collinset a [18] 2018 None Course review Nutrition Total cost AHPsY medical stu-
dents
Downer et al [19] 2018 None Case Leadership and Total cost AHPs, medical stu-
management in dents, clinicians
health
Dumestreet a [20] 2014 Other learning Systematic review  Microsurgica skill  Per learner Clinicians, medical
acquisition students
Glasbey et d [21] 2017 Faceto face Case Surgical training ~ Total cost Medical students
Graysoneta [22] 2018 None Longitudinal Hand hygiene Total cost AHPs, medical stu-
dents, clinicians
Hardwick et al [23] 2011 None Case Pathology Total cost Clinicians
Jerinand Rea[24] 2005 None Case Emergency Per learner AHPs
medicine
Joshi and Perin[25] 2012 Other learning Case Publichedlthinfor- Total cost AHPs
matics
Kaufman [26] 2010 None Case Treatment of dia=  Per learner Petients (patient edu-
betes cation used by HCP)
Knapp et a [27] 2011 Faceto face Case HIV detection Total cost AHPs, clinicians
Kumpu et a [28] 2016 Faceto face Case Global health Total cost AHPs, medical stu-
dents, clinicians
Letterie et a [29] 2003 None Literaturereview  Computer-assisted  Total cost AHPs, medical stu-
medical education dents, clinicians
Likic et a [30] 2013 None Cohort Rational therapeu- Total cost Medical students
tics
Manringetal [31] 2011 None Case Psychotherapy Total cost Clinicians
McConnell etal [32] 2009 None Case Pharmacy CPDE  Per learner Pharmacists
McDuffieeta [33] 2011 None Case Experiential phar-  Per learner Pharmacists
macy training
Moreno-Ger et a 2010 No Intervention Case Practical skills Per learner Medica students
[34] simulation
Nickel et al [35] 2015 Other learning RCT Laparoscopic Total cost Medical students
cholecystectomy
Nicklen et a [36] 2016 None Case Physiotherapy Total cost Undergraduate AH-
Ps
Padwal et a [37] 2017 Other learning RCT Weight manage- Total cost Petients (patient edu-
ment cation used by HCP)
Padwal et a [38] 2013 Other learning RCT Weight manage- Total cost Petients (patient edu-
ment (study proto- cation used by HCP)
col)
Palmer et al [39] 2015 None Case Clinical skills Total cost Medical students
Pentiak et a [40] 2013 None Clinical review Surgical skills Per learner Clinicians
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Reference Year Comparison Study design Subject Cost source HCP® population
Perkinset a [41] 2012 Faceto face RCT Advanced lifesup- Per learner AHPs

port training
Reeves et d [42] 2013 Other learning Literaturereview  Interprofessional  Total cost AHPs
education
Schopf and Flytkjear 2011 None Case Interprofessional Total cost Clinicians, nurses
[43] training -dermatol -
ogy
Shepler [44] 2014 None Cohort Advanced pharma-  Total cost Pharmacy students
cy practice experi-
ence
Sivamalai et a [45] 2011 None Case Pathology Total cost Medical students
Spanou et al [46] 2010 Faceto face RCT (protocol) Behavior change  Total cost Clinicians, nurses
counseling
Stansfeld et a [47] 2015 Other learning RCT Employeewell-be- Total cost AHPs
ing
Stromberg et a [48] 2012 None Cohort Heart failure nurs-  Total cost Nurses
ing
Thomas et a [49] 2010 None Case Family planning  Total cost AHPs
deRuijter et al [50] 2015 None Case Businessengineer- Total cost Medical students
ing; surgical techni-
cian
Weiss et a [51] 2011 Other learning Cohort Antibiotic prescrib-  Total cost Clinicians, pharma-
ing cists
Williamset al [52] 2009 None Cohort Practice-based re-  Per learner Clinicians
search networks
Young et al [53] 2017 None Case Research skills Per learner AHPs
Zhou et a [54] 2018 None Case Resource steward-  Per learner Medical students,
ship clinicians

#These studieswere all assigned the prefix “INC.” indicating that this group wasinclusive of both comparator and noncomparator studies (for eLearning
costs); the combination of the prefix and study number can be used to provide aunique ID to refer to studies.

PHCP: hedlth care provider.

CRCT: randomized controlled trial.
9AHPs: dlied hedlth professionals.
€CPD: continuing professional development.

Studies Describing el earning Costs Without a
Compar ator

Twenty-two studies [13,16,19,22,23,26,30-34,39,40,43-45,48,
50,52-55] provided analysis of implementation costs in
el earning without comparison to other learning platforms.

https://mededu.jmir.org/2021/1/e13681

RenderX

These studies primarily reported total costs and cost per learner
(Table 2). The studies suggested that el_earning should be less
costly than face-to-face learning; however, without a
comparator, it is not possible to substantiate these claims.
Despite these deficiencies, these studies provide varying means
of cost calculation acrossdifferent forms of instructional design.
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Table 2. Studiesthat detail elearning costs without a comparator.?

Meinert et d

Reference Year Instructional de-  Sample size (N) Tota cost (US$)  Cost per learner Notes
sign (Us9)
Allan et a [13] 2008 Asynchronous, 304 8209 24 No blended learning cost
blended

Butler et al [16] 2013 Blended 80 2075 26 No explicit cost methodol o-
gy/technique described

Downer et a [19] 2018 Asynchronous 53 23,000 394 No explicit cost methodol o-
gy/technique described

Grayson et a [22] 2018 Asynchronous 1,989,713 N/AP 0.04 Provided aggregate cost per
leaner

Kaufman [26] 2010 Asynchronous 787 N/A 1453 Reported overall cost per
learner

Hardwick et a [23] 2011 Asynchronous N/A N/A N/A Provided cost modeling ap-
proach

Likic et a [29] 2013 Asynchronous 393 10,000 23 Use of online course deemed
lower cost than face-to-face
problem-based learning

Manring et al [31] 2011 Blended 35 5250 137 Only costs of physical imple-
mentation

McConnell etal [32] 2009 Asynchronous 8120 610 0.07 No explicit cost methodolo-
gy/technique described

McDuffieet al [33] 2011 Blended 382 N/A 21 No explicit cost methodolo-
gy/technique described

Moreno-Ger et a 2010 Asynchronous 400 2630 6 No explicit cost methodolo-

[34] gy/technique described

Palmer et al [39] 2015 Synchronous 9 5000 506 No explicit cost methodol o-
gy/technique described

Pentiak et a [40] 2013 Asynchronous N/A 32,685 N/A Total curriculum delivery

Schopf and Flytkjear 2011 Asynchronous 88 84,229 858 No explicit cost methodol o-

[43] gy/technique described

Shepler [44] 2014 Asynchronous 580 N/A N/A US $148 savings per interven-
tion

Sivamalai et a [45] 2011 Asynchronous 200 392,468 1782 Cost of digital microscopy 1/3
cost of physical microscopy

Stromberg et a [48] 2012 Asynchronous 183 N/A N/A Total cost reduction compared
over previous methods

Thomas et a [49] 2010 Asynchronous 273 21,000 70 No explicit cost methodol o-
gy/technique described

deRuijter et al [50] 2015 Asynchronous 803 44,986 49 No explicit cost methodol o-
gy/technique described

Williamseta [52] 2009 Asynchronous 103 3732 33 No explicit cost methodol o-
gy/technique described

Young et al [53] 2017 Asynchronous 679 N/A 38 Did not report total cost

Zhou et a [54] 2018 Asynchronous 48 N/A 148 Did not report total cost

8These studies are given the prefix “SUM” to indicate that this group represents a summary of costs without a comparator; the prefix and number can

be used to provide aunique ID to refer to studies.
BN/A: not available/applicable.

The studiesin this set engaged the scope of the review question
focused on the costs associated with eLearning in health
professions education but lacked the comparison variabl e of the
PICO framework. Although these studies suggest that

https://mededu.jmir.org/2021/1/e13681

implementation of el earning could provide self-reported high
value through low-cost delivery, and thus cost-effectiveness,
they offer no comparative framework to justify these assertions.
Among the studies that quantify el earning costs, three groups
emerged. Thefirgt included studies demonstrating that elearning
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was of low cost but had no or limited evidence of self-reported
educational impact [13,16]. The second group demonstrated
that eLearning was of low cost and had a high self-reported
education impact [23,30-34,43-45,48-50,52-54] . A third group
[19,22,26,39,40] demonstrated that el_earning was of high cost
and had a high self-reported educational impact.

Allan et a [13] and Butler et al [16] present examples of
low-cost elLearning delivery but without demonstrated
educational impact, with low cost in these studies presented
from the perspective of the cost per learner. In Allan et a [13],
the key research question waswhether thisresearch group could
implement an evidence-based medicine curriculum for
clinicians. Although quantifying costs was an aspect of the
reported results, like many of the studiesincluded in thisreview,
it was not a primary focus and was done so in an informal
fashion without explicit unit cost breakdown or listing of all of
the components that would impact learning production. In
contrast to the use of a comprehensive program including
multiple forms of learning and the establishment of alearning
community, Butler et al [16] made use exclusively of blended
learning in a course. They revealed that the complete training
costs are not captured when creating online or blended courses
in primary care. Despite comprehensively capturing unit costs
of delivery in the implementation of the study (by providing
segmentation of costs across administrators, actors, trainers,
clinicians, nurses, and costs per practice), their study treated
eLearning as a single-group cost reflecting the time per
participant to complete the el earning; however, there was no
accounting of the required system implementation time and
production time for the creation of eLearning. Similar to Allan
et a [13], Butler et al [16] highlight cost omissions that are
endemic in studies included in this review.

A second group of studies demonstrate el earning as having
low cost and high educational impact
[23,30-34,43-45,48-50,52-54]. Of this set, Likic et a [30],
McConnell et al [32], McDuffie et a [33], de Ruijter et a [50],
Moreno-Ger et a [34], Thomas et a [49], Williams et a [52],
and Young et a [53] each represent online courses making use
of asynchronous online learning at low cost per learner (below
US $68/learner). The key issue among the studies in this

https://mededu.jmir.org/2021/1/e13681
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literature cluster is that although they may provide evidence of
low cost per learner, without acomparison point to comparable
face-to-face delivery, thereisno way to assert with any certainty
that eL earning is alower-cost option.

Thefinal group of studiesin thisset [19,22,26,39,40] indicated
that eLearning was of higher cost and had high educational
impact. Thisgroup shared similar data-recording issues asthose
from the previous set but also provide evidence to indicate the
high start-up costs associated with el earning production.

It is challenging to draw strong inferences based on an
aggregation of the studies that summarize el earning costs
because of the different methods that were used in cost
calculation, the difference in subjects instructed, the rapid
changes in web platforms for learning, and other factors
impacting the way costswere calculated. However, itispossible
to observe some trends from this grouping. For pure online
courses, the studies suggest that total costs per learner are low;
however, there is often acknowledgment in the studies that not
all implementation costs have been captured in the cost
calculations. Thislack of included costs, including sunk costs,
indicates that reported costs are not accurate. Although some
studies identified the costs that were not captured, many did
not, and these gaps are only evident to researchers who have a
background and understanding of the issues involved in the
delivery of eLearning. Additionally, most studies are cases of
specific instances of elLearning implementation, making it
difficult to gauge what the results mean in contrast to
face-to-face learning, and case study methods make it hard to
generalize the results. Some studies indicated high total costs,
but in those instances [40], the eLearning costs were embedded
in total curriculum delivery.

Studies Describing el earning Costs With a
Compar ator

Seventeen studies[14,15,17,21,24,25,27,28,34-37,41,46,47,51]
compared el earning costs to those of face-to-face learning or
other types of learning (Table 3). These comparative studies
offered more evidence that the use of el earning demonstrated
cost efficiencies than did the studies in the previous group,
which provided no comparative data.
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Table 3. Studiesthat detail el earning costs with a comparator.?
Reference Year Instructional de-  Comparison Samplesize(N) Cost of eLearn- Cost of face-to- Notes from study
sign ing (US$) facelearning
(Us9)
Bandlaet a [14] 2012 Asynchronous  Faceto face 173 21,752 21,752 N/AP
online
Berger et a [15] 2009 Blended Faceto face 1661 4 110 Cost per learner
Choi et a [17] 2008 Asynchronous  Other learning 34 N/A N/A Provided costs of on-
online line platformswithout
complete cost compar-
ison
Glasbey et al [21] 2017 N/A N/A 570 N/A N/A Online curriculum
embedded; core costs
not separated in study
Jerin and Rea [24] 2005 Asynchronous  Asynchronous 9353 3 52 Cost per learner
online online
Joshi and Perin [25] 2012 Asynchronous  Other learning 15 14,085 20,714 Onlinevsface-to-face
online total costs
Knapp et al [27] 2011 Asynchronous  Faceto face 91 157 4386 N/A
online
Kumpu et a [28] 2016 Blended Faceto face 28 2431 1054 N/A
Moreno-Ger et a [34] 2010 Asynchronous  Faceto face 400 7 2630 N/A
online
Nickel et a [35] 2015 Virtual reality  Other learning 84 3900 82,500 Virtua reality vs
blended learning
Nicklen et a [36] 2016 Blended Faceto face 78 5904 6856 N/A
Padwal et a [37] 2017 Asynchronous  Faceto face 651 11,727 477,000 N/A
online
Padwal et a [38] 2013 Asynchronous  Faceto face N/A N/A N/A Protocol
online
Perkins et al [41] 2012 Blended Faceto face 3732 438 935 N/A
Spanou et a [46] 2010 Asynchronous  Faceto face N/A N/A N/A Protocol
online
Stansfeld et a [47] 2015 Asynchronous  Faceto face 350 N/A N/A Captured approach to
online total costs but incom-
plete comparison data
to nononline approach
Weisset a [51] 2011 Asynchronous  Other learning  N/A N/A N/A Cost reduction per in-
online habitant following ed-

ucation program

#These studies were given the prefix “COMP” to indicate that this group was a summary of costs with acomparator; the prefix and number can be used

to provide aunique ID to refer to studies.
BN/A: not available/applicable.

The studies in this set can be divided into two groups: studies
that demonstrated that el earning was of lower cost but had no
or limited evidence of self-reported educational impact, and
studies that demonstrated that el earning was of lower cost and
had self-reported high educational impact [25,51].

Of the studies that demonstrated that el earning was of lower
cost and had a low education impact, the key data issue was
that although these studies suggested that el_earning was lower
cost, they consistently omitted key components in the design
and production of el earning, thereby creating an incomplete
cost profile of the total costs of delivery. Two studiesin this set
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demonstrated that el earning was of lower cost and had a high
education impact; although each study completed a full
comparison demonstrating a reduction in costs (in some
instances a dramatic reduction), the studies suffer from a lack
of methodological consistency in the way they captured costs
and evaluated effectiveness. Aswas the case in the previous set
of study classifications, the continued differences in cost
accounting, learning delivery platforms, and various forms of
assessments make synthesis challenging.
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Literature Reviews That Quantify eL earning Costs

Two review studies [20,42] analyzed the use of training where
el earning was used asaddlivery platform. Both studiesreveaded
that there was alack of sufficient evidence to analyze whether
training methods using aspects of online learning were more
pedagogically effective. The studieswere also unableto provide
findingsthat created a holistic understanding of associated cost
ingredients. Dumestre et a [20] suggested that within the field
of microsurgical training, there are many available methods of
implementing instruction and that cost isthe determining factor
in what method is used by institutions. Reeves [42] performed
aCochrane systematic review protocol that included 15 studies.
The review showed that due to the small number of studies
(N=15) and the heterogeneity of interventions and outcome
measures, it is not possible to draw inferences about the key
elements of interprofessional education and its effectiveness.
To make such eval uation possibl e, there must beimplementation
of cost-benefit analysis, and separation of review within specific
professions and studies using qualitative methods to evaluate
effectiveness. Although both studies were concerned with
evaluation of the effectiveness of specific education training,
the way they engaged with the literature review question was
limited, as both studies collected limited information on

Table 4. Studies detailing costing approaches or economic evaluation.

Meinert et d

el earning and only gave broad summary generalizations about
cost reductions in their respective field of focus. Costs were
identified by looking at the total costs of the delivery of
programs,; however, because the costs were not described as
units, it is not possible to examine the extent and quality of the
results. There was no accommodation for differential timing or
impact of the consequences of cost decisions. These issues are
similar to the weakness in cost analysis of the other studies
included in this review.

Studies Describing Costing Approaches

Twenty-two studies [56-77] referenced economic evaluation
(analyzing cost benefits or cost effectiveness) or used the
ingredients method [ 78] to calculate costs in the production of
el earning (Table 4). Reflecting on the broader set of studiesin
this review, it is important to note that while many studies
suggest the cost-effectiveness of elearning, following
completion of this review, we have only identified 5
cost-effectiveness analysis studies completed on el earning.
Regarding specific cost approaches, use of the ingredients
method is referenced often in this set (12 times); however, the
mechanisms for cost capture and subsequent project delivery
management of production of learning within this group are
inconsistent despite using the same methods.

Reference Year Costing approach

Brown [56] 2014 Cost-benefit analysis
Buntrock et a [57] 2014 Cost-€effectiveness analysis
Pettit et a [58] 2017 Ingredients cost method
Carlson et al [59] 2008 Ingredients cost method
Carpenter [60] 2016 Ingredients cost method
Chamberset a [61] 2017 Cost utility analysis
Chhabraet d [62] 2013 Cost-effectiveness analysis
Cousineau et a [63] 2008 Cost-€effectiveness analysis
Curran et a [64] 2006 Ingredients cost method
Cook [65] 2014 Ingredients cost method
Delgaty [66] 2013 Ingredients cost method
Djukic et a [67] 2015 Ingredients cost method
Gallimoreet a [68] 2012 Ingredients cost method
Isaacson et al [69] 2014 Ingredients cost method
Lonsdaleet a [70] 2016 Cost-effectiveness analysis
Papadatou-Pastou et al [71] 2017 Multiple; survey of methods
Pardue [72] 2001 Ingredients cost method
Pickering and Joynes [73] 2016 Multiple; survey of methods
Rondags et al [74] 2015 Cost-effectiveness analysis
Sharmaet a [75] 2018 Ingredients cost method
Tung and Chang [76] 2008 Perceived financial cost
Zary eta [77] 2006 Ingredients cost method
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Discussion

Principal Findings

Our review was focused on identifying literature that would
define the associated costsin the delivery of eLearning in health
professions education. Broadly speaking, wewere ableto answer
this question as we collected data that documented a trend of
reported el_earning costs per learner and their general low cost.
However, we have questions about how conclusive these data
are because of the issue of consistency regarding cost data
capture, thelack of standard mechanismsfor cost datacollection
for onlinelearning, and the lack of primary studiesthat focused
on cost analysis as a primary research objective. Our review
findingsare consistent with views put forth in previous research
that understanding of the relationship of cost in eLearning is
not well developed [6,79,80]. The studies included provide a
cross-section of various instances of eLearning across many
disciplines in health professions education. This collection of
studies allowed gaining a deeper understanding of the various
ways in which elLearning is being used and the cost
considerations when applying different platforms of education
delivery. Thekey limitation of theincluded studieswasthe lack
of consistency of methodology for cost analysis. Cost evidence
provided by the included studies was challenging for the
purposes of comparison due to these deficiencies.

Strengthsand Limitations

The strengths of this review are that it completed a
comprehensive search of the major literature databases. The
search question and the associated terms provided a sufficiently
broad scope to ensure that there was coverage to any study that
recorded cost and maintained relevanceto theinclusion criteria.
The search approach was designed in consultation with leading
researchers who investigate cost in education, and the fina
results provide a rich background of materials to explore the
issues associated with the research question.

There are four limitations to the process used in this literature
review. First, as only English-language papers were searched,
relevant foreign-language papers could have been excluded, in
addition to the publication bias of health science papers for
positive results. Additionally, industry literature was not
explicitly searched in the search strategy, further adding to the
limitation of study papers under review. Second, due to the
inconsistency in capturing costs and lack of standardization in
cost reporting, a meta-analysis for quantifying costs is not
possible because of the lack of predefined costing models for
el earning used in standard ways across studies, the significant
variance in the way costs are recorded, variant experimental
methods with different outcome conclusions, and the variance
in implementation between different e earning types. Third, a
significant limitation is that in comparing costs of eLearning
within theincluded studies of the review, each study wastreated
equally, whereas the costs for a team new to elLearning
production will likely be higher than those of an experienced
team who have produced many courses. Additionally, reported
costs could have been on segments of the production process,
resulting in inconsistency in reporting. Further research could
explore specific aspects of design, development, and delivery
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to allow for more refined comparison and analysis, including
guantitative cost analysis such as that of fixed versus variable
costs. In addition to this cost analysis, further work could
explore the rel ationship between learning impact and associated
effort asattributed to cost. Lastly, asignificant limitation isthat
this review was rerun in December 2018 to update results from
spring 2016 in an original scoping of the literature completed
in December 2015, but detailed analysis of new studies
identified from 2016 to 2018 are not included in the narrative
of this review. Although the newly included studies are
incorporated into the data tables, because of time constraints,
further analysis of these new studies will be completed in a
separate update of this review.

Therefore, the review could be strengthened by taking further
measures to either refine the research question into a narrower
scope or attempting cost modeling with accepted deficiencies.
Nevertheless, thereview as completed provides acomprehensive
scope of the current evidence, and highlights a gap in the
literature indicating aneed for aprotocol that can capture costs
in eLearning interventions to allow a basis for comparison in
similar educational subjects or across variant curriculum
implementations. Such a protocol would provide a systematic
mechanism for calculating online learning costs to alow for a
basis of variousforms of economic evaluation. Thiswould assist
course designers in understanding the total costsin delivery of
el earning and address the standardization issues incumbent
with alack of astandard as evidenced by this review.

Conclusions

Although cost is a recognized factor in studies exploring
el earning design and implementation, the way cost is captured
isinconsistent and is assessed in relation to a wide variety of
factors or with an aternate study—related focus. Despite a
perception that elLearning is more cost-effective than
face-to-face instruction, there is not yet sufficient evidence to
assert thisconclusively. Among the many factorsfor considering
implementing elLearning is the potentia long-term
cost-effectiveness of its delivery model in comparison to other
education delivery formats. A rigorous, repeatabl e data capture
method is needed, in addition to a means to leverage existing
economic evaluation methods that can then test whether
el earning is cost-effective, and how to implement el earning
with cost benefits and advantages over traditional instruction.
Onthe one hand, if proven to be more cost-effective, this could
assist inaddressing the high cost of delivering health professions
education. On the other the hand, should evidence point the
other way, having discrete data pointswill allow thoseinvolved
in health education to identify ways to optimize costs in
el earning delivery to create cost efficiency. To evaluate and
optimize cost in education delivery, there must be a rigorous
standard through which to score and assess cost-effectiveness,
which would enable analysis of whether investments are
justified.

To gain acomprehensive understanding of the way cost impacts
the deployment of elLearning in comparison to face-to-face
instruction, a body of evidence that makes use of economic
evaluation must be developed to allow for systematic analysis
of how these results demonstrate the strengths and weaknesses
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of comparative cost delivery. This review has identified the provide insight into the way in which these costs impact
limited use of economic evaluations to achieve this aim thus education delivery or to allow for comparisons to other forms
far. Moreover, even among studies that make use of cost of learning.

summaries in their results, there is alack of sufficient rigor to
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Abstract

Background: In 2014, Kenya's Field Epidemiology and Laboratory Training Program (FELTP) initiated a 3-month field-based
frontline training, Field Epidemiology Training Program (FETP-F), for local public health workers.

Objective: Thisstudy aimed to measure the effect of FETP-F on participant workplace practices regarding quality and consistency
of public health data, critical interaction with public health data, and improvementsin on-time reporting (OTR).

Methods: Between February and April 2017, FELTP conducted a mixed methods evaluation via online survey to examine
outcomes achieved among all 215 graduates from 2014 and 2015. Dataquality assessment (DQA) and data consistency assessment
(DCA) scores, OTR percentages, and ratings of the training experience were the quantitative measures tracked from baseline and
then at 6-month intervals up to 18 months postcompl etion of the training. The qualitative component consisted of semistructured
face-to-face interviews and observations. Quantitative data were analyzed using descriptive statistics and one-way analysis of
variance (ANOVA). Qualitative data were transcribed and analyzed to identify key themes and dimensions.

Results: In total, 103 (47%) graduates responded to the survey. Quantitative analyses showed that the training significantly
increased the mean DQA and OTR scores but there was a nonsignificant increase in mean DCA scores. Qualitative analyses
found that 68% of respondents acquired new skills, 83% applied those skills to their day-to-day work, and 91% improved work
methods.

Conclusions: FETP-F improved overall data quality and OTR at the agency level but had minimal impact on data consi stency
between local, county, and national public health agencies. Participants reported that they acquired practical skillsthat improved
data collation and analysis and OTR.

(JMIR Med Educ 2021;7(1):e18956) doi:10.2196/18956
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Introduction

Strengthened health systems played a key role in improving
global life expectancy throughout the 20th century [1]. For the
21st century, public health workforce competencies have
important implications for global health preparedness, local
disease surveillance and response capacity, health systems
infrastructure, and overall population health outcomes [2].

The Field Epidemiology Training Program —Frontline (FETP-F)
isa 3-month competency-based, service-oriented collaborative
training program that is anchored within the Kenya Ministry of
Health (MoH) [3]. The partners of FETP-F includethe Ministry
of Agriculture, Livestock and Fisheries; the Centersfor Disease
Control and Prevention (CDC), Kenya Medical Research
Ingtitute (KEMRI), and county and subcounty health
departments and hospitals [4].

Thefirst phase of frontline training was implemented between
September 2014 and December 2016 throughout all 47 counties
in Kenya, with a goal of improving local frontline health
workers' ability to detect, report, and respond to unusual health
events[5].

Methods

Between February and April 2017, the Field Epidemiology and
Laboratory Training Program (FELTP) used quantitative,
semiquantitative, and qualitative methodsto evaluate all FETP-F
activities. A survey link was sent to all 215 graduates of Groups
1-6 because they graduated >18 months before the impact
evaluation began.

Quantitative M easures

We used interrupted repeated measures on 3 quantitative values
(data quality assessment [DQA], data consistency assessment
[DCA], and on-time reporting [OTR]) at 6, 12, and 18 months
postgraduation from FETP-F. For al quantitative measures,
one-way analysisof variance (ANOVA) analysiswas performed
using Microsoft Excel’s (Microsoft Corp) Data Tool Pak.

DQA Scores

The participants completed a DQA for their field project, and
we used those scores as basdline. The DQA tool was designed
for the following tasks: (1) verify the quality of health facility
data, (2) assess the system that produces that data, and (3)
develop action plansto improveitems 1 and 2.

DCA Scores

The DCA is an end-to-end data integrity process that focuses
on the entire surveillance network. Thefirst endisthe generation
of data at the health facility level. The middle is the county
record, where the health facilities report their weekly and
monthly tallies. The last end is when data are entered into the
District Health Information System (DHIS) by the county Health
Records and Information Officer (HRIO). The goa isto detect
inconsistencies as data travel through the surveillance system
and identify root causes for these inconsistencies.

https://mededu.jmir.org/2021/1/€18956
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Timeliness of Reporting

Timeliness is a key performance measure of public health
surveillance systems. We used the results from the field project
as baseline OTR measures, and then followed up at 6, 12, and
18 months postgraduation.

Semiquantitative M easures

At the beginning of each training course, we asked participants
to score their knowledge and skillsin 8 key competencies on a
Likert scale from 1 to 5, with 1 representing limited
knowledge/skills and 5 representing expertise. We used those
scores to gauge the impact of FETP-F training on knowledge,
skills, and change in work methods.

Semistructured interviews were conducted with randomly
selected graduates from groups 1-6, because we wanted to
examine the impact of the training at least 1.5 years
postgraduation; this meant that we could only look at the impact
of FETP-F on thework methods of thefirst 6 groupsto complete
the FETP-F process.

Ethics Approval and Consent to Participate

Informed consent was obtained from all FETP-F graduateswho
agreed to an evaluation visit. Persona identifiers were not
included in the recorded data. Permission to conduct this
evaluation was sought from and granted by the Ethical Review
Board of the Ministry of Heath (FAN: IREC 1795). This
evaluation did not involve any animal subjects. The evaluation
did not collect human subject data nor any human specimen
samples. All subjects provided signed and oral consent for
participation. Informed consent included consent to publish
findings of this evaluation research. This research did not use
any images, names, or other identifying information of any of
those who consented for interview and participation in the
evaluation. Therefore, aconsent for publication was not needed
from any of the research subjects.

Results

Demographics of Survey Respondents

Overall, 103 graduates representing all regions of the country
wereincluded in the analyses. Most (55%) were male and 60%
(n=62) had <10 years of public health work experience. The
breakdown by cadre was the following: 20% (n=21) medical
officers, 15% (n=15) veterinary officers, 25% (n=26) public
health officers, 15% (n=15) |aboratory staff, 15% (n=16) nursing
staff, and 10% (n=10) other.

DQA Scores

Descriptive analyses of 103 DQA scores from baseline to 18
months postgraduation showed an increase in the mean DQA
score from 75.6% at baseline to 84.5% at 18 months
postgraduation.

Table 1 shows a 10.5% improvement in the mean DQA score
for thissample of health facilities and programs. The subsequent
ANOVA analyses on the 103 respondents showed that although
theimprovement was only 10.5%, thisrepresented a significant
improvement in DQA mean scores since baseline.
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Table 1. Repeated-measures scores for data quality assessment, data consistency assessment, and on-time reporting of Kenya Field Epidemiology

Training Program—Frontline graduates, 2014-2015.

Results and time interval postgraduation Mean (SD)
Analysis of variance results, data quality assessment mean scores®

Basdline 75.64 (8.05)

6 months 74.88 (9.00)

12 months 75.08 (5.21)

18 months 84.53(8.82)
Analysis of variance results, data consistency assessment mean scores?

Baseline 73.22 (27.59)

6 months 68.11 (13.42)

12 months 78.22 (21.46)

18 months 82.66 (21.37)
Analysis of variance results, on-time reporting mean scores”

Basdline 29.66 (15.58)

6 months 70.11 (23.39)

12 months 70.83 (180.1471)

18 months 74.88 (624.3399)

@B etween-groups: F=70.71; f-crit=2.61; P<.001.
bBetween-groups: F=0.765; f-crit=2.90; P=.52.
®Between-groups: F=20.37, f-crit=2.74, P<.001.

DCA Scores

Descriptive analyses of DCA scores showed that there was an
11.4% improvement in DCA scores between baseline and 18
months postgraduation. However, upon further analyses using
ANOVA, results showed that the increase was not significant
(Table 1).

OTR Proportions

We examined the proportion of monthly reports submitted on
time from health facilities to county health departments for the
preceding quarter (Table 1). Analyses show that there was a
>60% increase in OTR between baseline and the 18-month
assessment. The ANOVA showed this to be a significant
development and improvement compared to baseline values.

Semiquantitative Self-assessment of L earning Scores

Knowledge/skill levels for the 8 assessed competencies were
relatively low before the training. After training, we noted
significant increasesin the mean knowledge/skill scoresin each

https://mededu.jmir.org/2021/1/€18956

of the 8 competencies. During the site visits, field workers also
interviewed supervisors of the graduates and at least one
colleague regarding any notable changes (positive or negative)
after the graduate resumed his/her normal work duties. We used
the same assessment scal e as with the graduates. Comparisons
of mean difference scores among FETP-F graduates, their
supervisors, and their colleagues in 8 competency areas are
outlined in Table 2, using a Likert scale between 1 and 5.

There was not much variation in the self-assessments of the
graduates when compared to the assessments of competencies
provided by their supervisors and colleagues. However, the
supervisorsand colleagues noted amarked increase in Microsoft
Excedl skills, knowledge, and expertise postgraduation.

For the larger group of graduates (n=103), we examined via
online survey the mean skills and knowledge changes (pre-post)
in the key competencies before training (pretraining),
immediately after the 3-month session ended (posttraining), and
18 months after training (follow-up; Table 3).
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Table 2. Learner, supervisor, and colleague assessment of pre-post scoring of learner knowledge and skill in key competencies.?

Competency

Self-score (n=19)

Supervisor score(n=12) Colleague score (n=7)

Statistics

Epidemiology

Surveillance

Microsoft Excel

Dataanaysis

Field investigations

Data audits

Communicating public health data

N W N N P N W

2

3
2
2
2
2
3

N W N P W N NN

Not reported

#The assessment scale ranged from 1 to 5 (1=no skills, 2=limited skills, 3=average skills, 4=good skills, and 5=mastery). Classification of the difference
scores tabulated above are in terms of improvement: 0=none, 1=limited , 3=modest, and >3=significant.

Table 3. Changes in knowledge and skills of Field Epidemiology Training Program—Frontline graduates, 2014-2015 (n=103)%.

Competency Time of measurement
Pretraining, mean (SD) Posttraining, mean (SD) Follow-up, mean (SD)

Statistics 2.77 (0.81) 3.69 (0.61) 4.35(0.72)
Epidemiology 2.68(0.72) 4.11(0.45) 3.74 (0.69)
Surveillance 2.82(0.73) 3.84 (0.59) 3.99 (0.51)
Microsoft Excel 1.86 (0.75) 3.81(0.55) 3.97(0.62)
Dataanalysis 2.55 (0.96) 3.95 (0.69) 3.56 (0.49)
Field investigations 2.32(0.89) 3.47 (0.82) 2.66 (0.74)
Data audits 2.86 (0.99) 3.89 (0.55) 3.82(0.62)
Communicating public health data 2.73(0.58) 3.94(0.31) 4.02 (0.47)

#The ordinal scale ranged from 1 to 5 (1=no knowledge, 2=little knowledge, 3=average, 4=good, and 5=mastery). Pretraining occurred before the
training, posttraining occurred immediately after completing the 3-month training process, and follow-up was performed at least 18 months postgraduation
from the training program. Between-groups. F=30.02; f-crit=3.47; P<.001.

Qualitative Results

Field investigatorsvisited 19 sites and conducted 38 one-on-one
privateinterviews (with graduates, supervisors, and colleagues).
We analyzed the transcripts of all interviews (n=19 graduates,
n=12 supervisors, and n=7 colleagues). After transcription, we
conducted 3 levelsof analysis. The coding processwasiterative
and involved multiple stages that involved preparing and
formatting the raw dataso that they are availablefor evaluation.

After conducting thefirst-level analyses using keyword searches
and generating word clouds, we had alist of 107 codes. During
the second-level analyses, we reduced the codes from 107 to
37, which welater grouped into 25 themes. After thethird-level
review, we noted that the themes clustered into 3 key
dimensions. Graduates, their supervisors, and their colleagues
comments were associated with “ personal” aspects (benefitsto
self), organizational aspects (benefits to the agency or
organization where the graduate worked or health partnersin
the graduate’s community), and the FETP processitsdlf (feelings
and perspectives on the nominations/selection process, the
execution of the course inclusive of its contents, and feedback
on the quality of the faculty and facilitators) [6].

https://mededu.jmir.org/2021/1/€18956

Discussion

Principal Findings

Field epidemiology training programs worldwide are based on
multiple administrative models. Our evaluation results show
the effectiveness of a localized field epidemiology and data
management training process for improving the skills and
capacity of frontline health workers. During the interviews,
most graduates, their supervisors, and their colleagues reported
that the course had helped them to make scientifically based
decisions and improved their overall capacity to dea with a
spectrum of public health challenges, from calculating thresholds
to responding to cholera cases. Additionally, they reported that
the course hel ped them to become better |eaders by improving
their communication skills, enabling them to make more
evidence-based decisions, and empowering them to show
colleagues how to practically interact more critically with the
data they generate at their agencies. Our findings align with
evaluation results from other FETPs. In both Japan and
Mongolia, the positive effect this approach had on trainees was
demonstrated in post—training of trainers evaluations and
posttraining application of knowledge and skills[7,8].
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Several other examples have clearly showed the success of
FETP in responding to emergencies and disasters [9]. During
the Middle East Respiratory Syndrome (MERS) outbreak in
2014 in Saudi Arabia, FETP graduates tackled numerousissues,
including redesigning the system to enable simultaneous
real-time el ectronic reporting of suspected and confirmed cases
to public health professionals who needed to take essential
control and preventive actions on new cases[10]. FETPsin the
Eastern Mediterranean Region showed success in building the
epidemiologic capacity of the public health workforce,
improving countries’ surveillance systems, and strengthening
health systems[9].

One of the strengths of this study isthat we assessed “the degree
of applying what was learned” and “the degree to which
outcomes occur as a result of the training,” which are levels 3
and 4 of the Kirkpatrick model, respectively [10]. Another
strength is that the evaluation was based on information from
two sources, including the FETP graduates and program
advisers, who are within the health system at alevel wherethey
can observe the impact of the program.

Our results were derived from an online survey, with al the
potential strengths and limitations of that medium. The survey
was anonymous and, thus, it isvery likely that participants gave
accurate answers without fear of exposing their identity. In
addition, they were not under any pressure to give “desirable
answers’ to the survey questions. Although the response rate
was only about 55%, this is more than expected with this type
of survey.

Implementing this approach revealed some challenges: first,
the approach requires assessment of participant learning needs
and subsequent systematic training design; thus, facilitators
must review and redesign curricula for each event. Second,
participatory methods can be new and uncomfortable for
individuals educated in formal or traditional styles, implying
that programs with longer records and institutional memory
may be hesitant to change. Third, systematically evaluating
short- and long-term effects of this approach beyond pretest and
posttest questionnaires was challenging; therefore, program
administrators should develop careful impact evaluations that
begin beforetraining. Finally, the approach requires afacilitator
who is skilled and comfortable with participatory methods.

Some additional limitations of the current eval uation should be
noted. First, the bulk of the data collected are self-reported,
including DQA, DCA, and OTR scores, aswell as measurements
of respondents’ perceptionsof learning and impact. It ispossible
that participants overrated or underrated their skills and
knowledge when responding to survey items online. Second,
thetime gap from delivery of the courseto data collection could
have affected the information that graduates gave to us.
Additionally, the data collection had to be rushed due to pending
funding cuts. Thiswill hinder subanalyses of the formative and
summative evaluation data over the life of the project. Further
efforts are needed to determine if skills and/or benefits from
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the course change over time and whether the documented
improvements in health facility data quality, consistency, and
OTR change over time, particularly as replications continue
and the time gap since training widens and we lack a steady
flow of their colleagues who can participate in such training.

Further, many of the graduates did not respond to the
repeated-measures surveys, so we do not have relevant data
about them; therefore, we are not able to conclude that
respondents are a representative sample of graduates.

Finaly, we know that FETP-F's participants take part in a
never-ending array of trainings, so we do not know how those
other trainings have impacted the findings that we have
documented. In addition, we do not know the spectrum of
participants' involvement in support networks, how the doctors
and nurses' strikes affected outcomes, the role of politics in
who is nominated to participate in the training, local rates of
job turnover, and if there is an effect on uptake among some
younger public health workers associated with the fact that the
FETP-F does not award a diploma.

In summary, FETPsthat plan to build sustainable public health
response capacity and expertise from its most local levels for
handling public health threats across health sectors should
consider incorporating this approach, which combines
participatory methods and periodic follow-up assessmentswith
retrai ning opportunities and concurrent impact evaluations. This
will improve governments' understanding of their public health
workforces' potential for improving capacity to meet global
epidemiology goals[5].

Conclusions

FETP-Fisaviableand effective method for improving Kenya's
public health workforce's skills, knowledge, and practices in
key competencies. This evaluation suggests many benefits and
lessons on frontline field epidemiology training including the
following: (1) the advantage of focusing on local health workers
who are more familiar with contextual issuesto allow tailoring
of the training, (2) enhanced collaboration among multiple
practice cadres to create a forum for networking and new
partnership opportunities, (3) a more convenient method of
training that eliminates the need to bring in external trainers or
for participantsto travel outside of their region, and (4) specific
examples of how to improve future iterations of this kind of
training. This evaluation suggests that the FETP-F model has
increased the capacity of local health workers trained in field
epidemiology and data analytics, while maintaining fidelity
with the original objectives and frameworks of the origina
model, the advanced-level field epidemiol ogy training program.
The FETP-F met its aims and objectives satisfactorily, and
resulted in positive shiftsin knowledge, attitudes, and behaviora
intentions of local health workers who graduated from the
program. This suggests that this training strategy was effective
and feasible in improving the capacity of local public health
workers of al cadres.
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Abstract

Background: Simulation-based training is a common strategy for improving the quality of facility-based maternity services
and is often evaluated using Kirkpatrick’stheoretical model. The results on the Kirkpatrick levelsare closely related to the quality
of the instructional design of atraining program. The instructional design is generally defined as the “set of prescriptions for
teaching methods to improve the quality of instruction with agoal of optimizing learning outcomes.”

Objective: Theaim of this study is to evaluate the instructional design of a technology-enhanced simulation-based training in
obstetrics, the reaction of participants, and the effect on knowledge, teamwork, and skillsin alow-income country.

Methods: A stepped-wedge cluster randomized trial was performed in auniversity hospital in Kampala, Uganda, with an annual
delivery volume of over 31,000. In November 2014, a medical simulation center wasinstalled with afull-body birthing simulator
(Noelle S550, Gaumard Scientific), an interactive neonate (Simon S102 Newborn CPR Simulator, Gaumard Scientific), and an
audio and video recording system. Twelve local obstetricians were trained and certified as medical simulation trainers. From
2014 to 2016, training was provided to 57 residents in groups of 6 to 9 students. Descriptive statistics were calculated for ten
instructional design features of the training course measured by the 42-item ID-SIM (Instructional Design of a Simulation |mproved
by Monitoring). The Wilcoxon signed rank test was conducted to investigate the differencesin scores on knowledge, the Clinical
Teamwork Scale, and medical technical skills.

Results: Themean scoreson theten instructional design featuresranged from 54.9 (95% Cl 48.5-61.3) to 84.3 (95% CI 80.9-87.6)
out of 100. The highest mean score was given on the feature feedback and the lowest scores on repetitive practice and controlled
environment. The overall score for the training day was 92.8 out of 100 (95% CI 89.5-96.1). Knowledge improved significantly,
with a test score of 63.4% (95% Cl 60.7-66.1) before and 78.9% (95% CI 76.8-81.1) after the training (P<.001). The overall
score on the 10-point Clinical Teamwork Scale was 6.0 (95% CI 4.4-7.6) before and 5.9 (95% CI 4.5-7.2) after the training
(P=.78). Medical technical skills were scored at 55.5% (95% Cl 47.2-63.8) before and 65.6% (95% Cl 56.5-74.7) after training
(P=.08).
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Conclusions: Most instructional design features of atechnology-enhanced simulation-based training in obstetricsin alow-income
country were scored high, athough intervals were large. The overall score for the training day was high, and knowledge did
improve after thetraining program, but no changesin teamwork and (most) medical technical skillswere found. The lowest-scored

instructional design features may be improved to achieve further learning aims.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Med Educ 2021;7(1):el17277) doi:10.2196/17277

ISRCTN Registry ISRCTN98617255; http://www.isrctn.com/| SRCTN98617255
RR2-10.1186/s12884-020-03050-3

KEYWORDS

simulation training; medical education; instructional design; low- and middle-income countries; obstetrics

Introduction

Mater nity Care

The improvement of maternal and newborn care is a global
priority. The United Nations constructed the Millennium
Development Goals and the Sustainable Development Goals,
inwhich theaim of reducing the maternal and neonatal mortality
was included [1]. Targets for 2030 are to reduce the global
maternal mortality ratio to less than 70 per 100,000 live births
and to reduce neonatal mortality to at least as low as 12 per
1000 live births [1]. In Uganda, in 2015 the maternal mortality
ratio was still 343 per 100,000 live births, and the neonatal
mortality rate was 20.2 per 1000 live births in 2017 [2,3].
Shortage of trained staff, poor management of emergency
obstetric care provision, poor referral practices, and poor
coordination among staff are barriers that hinder or delay the
ability to access emergency obstetric services [4].
Simulation-based medical team training may have a positive
effect on these barriers.

Simulation-Based Training

Simulation-based training in low-income and middle-income
countries usually focuses on improving capacity and providing
safe clinical skills to directly reduce maternal and neonatal
mortality and morbidity [5]. A review in 2010 about training
programs in low-resource environments aimed at improving
emergency obstetric care concluded that training programs may
improve quality of care, but strong evidence was lacking [6].
Since this review, there have been numerous evaluation studies
on the effectiveness of simulation training for obstetric
emergenciesin low-income and middle-income countries[7-40].
The results of these studies show that obstetric ssimulation
training is associated with improvements in clinical outcomes,
mostly neonatal outcomes [7,11,16,18,24,26,28,33,36,38,40].
A later review included 23 studies about the impact of
multiprofessional emergency obstetric and neonatal caretraining
in high-income, middle-income, and low-income countries[5].
The conclusion of thisreview wasthat thistype of training does
make a difference[5]. Progress was not only found with regard
to individual knowledge, skills, and attitudes, but aso with
regard to longer-term change in behavior and improvementsin
maternal and neonatal morbidity and mortality [5]. Sufficient
evidence exists to justify the expense and effort of it [5].
Draycott et al agreed with this, but also mentioned that not all
training is clinicaly effective and results are not entirely
consistent [41]. Further research on the evaluation of different

http://mededu.jmir.org/2021/1/e17277/

training programsis necessary to understand why sometraining
programs improve clinical outcomes, and others show no
improvements or even deterioration in outcomes.

Evaluating Simulation-Based Training

Most evaluation studies on simulation-based training in
low-income and middle-income countries used Kirkpatrick’s
theoretica model. This model is composed of four levels:
reaction, learning, behavior, and results. Each successive level
of the model represents a more precise measure of the
effectiveness of a training program. The results on these
Kirkpatrick levels are closely related to the quality of the
instructiona design of atraining program [42]. Theinstructional
design is generaly defined as the “set of prescriptions for
teaching methods to improve the quality of instruction with a
goal of optimizing learning outcomes’ [43]. Another name for
these prescriptions is affordances with the purpose of
maximizing the effect, effectiveness, and usefulness of an
educational instrument [44]. The instructional design of the
training program may influence the outcomes on the Kirkpatrick
levels [45]. Therefore, if the learning aim is not met, this may
have to do with an inappropriate design.

A review on postgraduate medical e-learning recommended not
only to evaluate the outcomes of an educational intervention,
but to start with evaluation of its design [45]. For
simulation-based medical education, Issenberg et al and
McGaghie et a have described essential instructiona design
features [42,46]. These include feedback, repetitive practice,
ranging difficulty levels, defined outcomes, individualized
learning, curriculum integration, multiple learning strategies,
clinical variation, controlled environment, and simulator validity
[42,46]. These features were integrated by Fransen et d in the
ID-SIM (Instructional Design of a Simulation Improved by
Monitoring), an evidence-based assessment tool that can be
used to aid development and evaluation of the instructional
design of asimulation-based team training [47].

Training for Life

A technol ogy-enhanced simul ation-based training in emergency
obstetrics was developed in Mulago Hospital in Kampala,
Uganda (Training for Life). The training focused on both
medical technical skills and teamwork. To evaluate thetraining
program, we conducted a stepped-wedge cluster randomized
trial. In this paper, we present the results of the evaluation of
the instructional design of this training program, the reaction
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of participants, and the effect on knowledge, teamwork, and
medical technical skills (Kirkpatrick levels 1 and 2).

Methods

Recruitment

Between October 2014 and April 2016, astepped-wedge cluster
randomized tridl was conducted to implement
technology-enhanced simulation-based team training in
obstetrics. This educationa intervention took place at the
Makerere University College of Health Sciences, situated in
Mulago Hospital in Kampala, Uganda. In November 2014, a
medical simulation center wasinstalled with afull-body birthing
simulator (Noelle S550, Gaumard Scientific), an interactive
neonate (S102 Simon Newborn CPR Simulator, Gaumard
Scientific), and an audio and video recording system. Mulago
Hospital isanational referral hospital in Kampaawith an annual
delivery volume of approximately 31,000. Over 23,000 women
deliver at a medium-to-high—risk ward, and the staff of this
ward consists of 45 gynecologists, 60 residents (first-year,
second-year, and third-year senior house officers [SHOs]), and
45 midwives. To be included in the study, SHOs had to work
at the medium-to-high—risk maternity ward of Mulago Hospital.
Asthisstudy was set up as a stepped-wedge cluster randomized
trial, clusters of SHOs started in a control period. Therefore,
recruitment was done before the officia opening of the
simulation center and the train-the-trainers course. Seven
clusters of first-year, second-year, and third-year SHOs were
randomly created by ascheduler. To evaluate clinical outcomes,
the SHOs had to work in the hospital in these fixed clusters
during the study period.

Training for Lifeused atrain-the-trainer model in which training
was cascaded down from master trainersto local facilitatorsto
learners. The group of master trainers consisted of two Dutch
obstetricians, one communication expert, and one simulation
specialist. They were all certified simulation educators. Twelve
local senior obstetricians finalized afour-day training program
and were certified as facilitators. Course materials were
devel oped in cooperation with staff membersin Mulago Hospital
and Medsim, a medical simulation center in Eindhoven, the
Netherlands. All materials were provided in English.

After thetrain-the-trainers course, training was cascaded down
to the SHOs. Each training was given by two recently certified
local facilitators to 7 clusters of each 6 to 9 SHOs of different
study years. The training comprised a one-day (8-hour)
simulation-based acute obstetric training focusing on medical
technical skills and teamwork/crew resource management (eg,
closed-loop communication, leadership, speaking up). Thetwo
facilitators focused aternately on medical technical skills or
crew resource management. Scenarios included postpartum
hemorrhage, eclampsia, ventouse delivery followed by
resuscitation of the newborn, breech delivery, and a repetition
of postpartum hemorrhage with a different etiological
mechanism. Every scenario was briefly introduced by the
medical facilitator, and after each scenario, a debriefing with
review of the video recordings was provided with feedback on
medical technical skills and crew resource management. All
scenarioswere performed once, according to afixed script with
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realistic clinical progress. At least three SHOs could participate
actively in each scenario. After the main training, at least one
half-day repetition training session was organized for each
group.

Asthisstudy was set up as a stepped-wedge cluster randomized
trial, all 7 clusters of SHOs started in the control condition.
Then, al clusters received the training at consecutive time
points, scheduled 7 weeks apart. The order of the switch per
cluster was randomized by a computer. Eventually, all clusters
switched from the control to the training condition.

Instructional Design

This study evaluatestheinstructional design of thetraining and
the effect of the training on Kirkpatrick levels 1 and 2. The
instructional design was measured using the ID-SIM [47]. This
guestionnaire is an assessment tool, specifically designed for
the evaluation of theinstructional design of asimulation-based
team training [47]. It consists of 42 statements that can be
answered by placing amark on alinefrom “not at al/never” to
“completely/always’. The questions are divided over ten
instructional design features: feedback, repetitive practice,
curriculum integration, difficulty range, learning strategies,
clinical variation, controlled environment, defined outcomes,
individualized learning, and simulation fidelity.

Kirkpatrick Levels1 and 2

Kirkpatrick level 1 was measured by asking all participants to
give an overall score for the training day by placing a mark on
aline. Suggestions for improvement could be made in an open
remark at the end of the evaluation questionnaire. Level 2, the
effect on knowledge of the participants, was measured by a
knowledge test consisting of 30 multiple-choice questions on
medical technical skillsand teamwork at the beginning and end
of themain training (Multimedia Appendix 1). To obtain content
validity, ateam of Dutch and Ugandan obstetricians devel oped
and eval uated the multiple-choice questions. Construct validity
was tested by asking obstetricians and first-year, second-year,
and third-year SHOs to complete the knowledge test. A
Cronbach a coefficient was calculated to measure the internal
consistency of the knowledge test.

The effect on technical skills and teamwork was evaluated by
assessing the video-recorded scenarios. Three independent
researchers assessed the first and last scenario for medical
technical skills and teamwork together until consensus was
reached. The topic of both scenarios was postpartum
hemorrhage; however, the etiology differed. The assessorswere
blinded for the day of training and whether the scenario wasthe
first or the last of the day. The assessment consisted of the
Clinical Teamwork Scale (CTS) and a checklist of medical
technical procedures. The CTSisavalidated tool for assessing
teamwork [48]. It consists of 15 items about communication,
situational awareness, decision-making, and role responsibility,
and each can be scored on a 10-point scale. The checklist of
medical technical procedures is based on local protocols for
postpartum hemorrhage, and it consists of 24 items that can be
either scored as “done,” “not done,” or “not applicable.”

JMIR Med Educ 2021 | vol. 7 |iss. 1 [e17277 | p.28
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL EDUCATION

Statistical Analysis

This paper shows secondary outcome results. A sample size
cal culation was performed based on the primary outcome of the
study (the combined mortality proportion including maternal
and neonatal mortality ratios). For a stepped-wedge design, first
the sample size calculation for a standard randomized clinical
trial is required [49-51]. To show a reduction in combined
mortality proportion of 20% with an a of .05 and a power of
80%, a total of 6398 deliveries were needed for a standard
randomized clinical trial design. The design effect was then
calculated assuming an intracluster correlation of 0.05, 7
clusters, and a cluster size of 3343 deliveries per year, which
resulted in 2367 deliveries per cluster period. This resulted in
aminimum duration of 5 weeks for each cluster period based
on local delivery rates. For logistical reasonsin staff scheduling,
the duration of each step was set at 7 weeks. As exam and
holiday periodswere excluded from the cluster periods, the total
duration of the study was anticipated to be 1.5 years. Datawere
analyzed using IBM SPSS Statistics, version 21 (IBM
Corporation). Descriptive statistics were calculated for
participant characteristics and for the results of the ID-SIM.
The Wilcoxon signed rank test was conducted to investigate
the difference in scores on the knowledge test, the CTS, and
medical technical skills assessment. The difference in scores
on the knowledge test between the SHOs in their first, second,
and third years of study was analyzed using the Kruskal-Wallis
test. Statistical significance was accepted at a 2-sided P value
of .05.

Ethical Permission

Ethical permission was obtained from both the Mulago Research
and Ethics committee (Protocol MREC: 674) and the Uganda

Table 1. Mean scores of senior house officers on the ID-SIM.
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National Council for Science and Technology (number SS
3927). All participants gave written informed consent before
the study began, and they acknowledged that they cannot be
identified via the paper. Data were fully anonymized.

Results

Learner Characteristics

From 2014 to 2016, 68 SHOs were invited to participate in the
training program; 19 (28%) of them werefemale, and 49 (72%)
were male. Of these, 57 SHOs (84%) participated in the main
training, with an even distribution over the three years of their
obstetric curriculum (20 first-year SHOs, 18 second-year SHOs,
and 19 third-year SHOs). Of the 11 SHOs who did not
participate in the main training, 3 finalized their specialization,
1 quit speciaization, and 7 did not give any reason. Almost half
of the SHOs (49%, 33/68) took part in at least one repetition
training. Thetotal number of trained SHOs was higher than the
average working number, because of the organization of extra
main training sessions for leaving SHOs and the new first-year
SHOs who were added to an aready trained cluster.

Instructional Design

All of the 57 SHOs who participated in the main training
completed the ID-SIM. The mean scores of theten instructional
design features are shown in Table 1. Mean scores on the
features differed between 54.9 and 84.3 out of 100. The highest
mean score of 84.3 (95% CI 80.9-87.6) was given on feedback.
The lowest scores of 62.8 (95% CI 55.8-69.8) and 54.9 (95%
Cl 48.5-61.3) were given on repetitive practice and controlled
environment, respectively.

Variable

ID-SIM score, mean (95% CI)

Feedback

Repetitive practice
Curriculum integration
Difficulty range
Learning strategies
Clinical variation
Controlled environment
Individualized learning
Defined outcomes

Simulation fidelity

84.3 (80.9-87.6)
62.8 (55.8-69.8)
78.7 (74.5-82.9)
74.0 (68.5-79.4)
83.2 (78.9-87.4)
80.0 (74.9-85.1)
54.9 (48.5-61.3)
81.9 (76.9-86.9)
74.2 (69.2-79.3)
80.3 (76.9-83.7)

Kirkpatrick Levels1 and 2

The overall score for the training day rated by the participants
was 92.8 out of 100 (95% CI 89.5-96.1). The following
suggestions for improvement were made in the open remark at
the end of the questionnaire: (1) to incorporate other members
of the team, (2) to add other scenarios, (3) to have repetition
training more often, (4) to plan more time for the debriefing,
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especialy relating to areal-life setting, and (5) to provide the
training materials a day earlier.

Of the 57 participating SHOs, a total of 53 (93%) completed
theknowledge test before and after the main training. One SHO
completed the knowledge test only after the training. Construct
validity was tested using the Kruskal-Wallis test to compare
knowledge test results of obstetricians and first-year,
second-year, and third-year SHOs and showed a significant
result (P=.03). A Cronbach a coefficient of .67 was calculated
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to measuretheinternal consistency of the knowledgetest. Mean
scores of the knowledge test are listed in Table 2. The mean
score of the knowledge test increased from the beginning to the
end of thetraining day. Thisresult was a so found for each study

Table 2. Mean scores of senior house officers on the knowledge test.

van Tetering et al

year separately. The improvement in score on the knowledge
test between the three study yearswas not significantly different
(P=.24).

Year of Score before training, mean (95% CI) Score after training, mean (95% Cl) P value
study

All 63.4 (60.7-66.1) 78.9 (76.8-81.1) <.001
1st year 62.3 (58.3-66.4) 77.7 (72.5-82.8) <.001
2nd year 60.9 (56.1-65.7) 78.9 (76.7-81.1) <.001
3rd year 68.1 (62.5-73.7) 80.7 (77.2-84.1) .001

To evaluate teamwork and medical technical skills, the
recordings of the first and last scenarios of 8 teams were
evaluated. Out of 16 recordings, 2 could not be assessed because
of recording issues. No differencesin scores on the CTS between
the first and last sessions were found (Table 3). The scores of
the technical skills assessment only improved statistically
significantly for the provision of drugs (Table 3). During the

first scenario, none of the teams reached the moment to
tamponade the uterus. For 5 out of the 8 teams, thelast scenario
was stopped before they had to tamponade the uterus, hence
this item was scored as not applicable. The scenarios were
stopped by thelocal facilitators at the moment when they judged
that the SHOs had reached sufficient learning subjectsto discuss
in the debriefing sessions.

Table 3. Mean scores of senior house officersin clusters on the Clinical Teamwork Scale and the medical technical skills assessment.

Item First scenario score, mean (95% Cl) Fifth scenario score, mean (95% CI) P value

Clinical Teamwork Scale
Overall score 6.0 (4.4-7.6) 5.9 (4.5-7.2) 78
Overall communication 6.5 (5.5-7.6) 6.0 (4.5-7.5) 4
Overal situational awareness 4.4 (2.8-6.0) 5.4 (4.5-6.2) A
Overall decision making 4.6 (3.4-5.7) 6.0 (5.1-6.9) .07
Overall responsibility 6.6 (5.6-7.7) 6.0 (5.3-6.8) .59
Patient friendliness 5.6 (4.1-7.1) 6.0 (4.8-7.2) .79

Medical technical skills
Overall score 55.5 (47.2-63.8) 65.6 (56.5-74.7) .08
Ask for help 100 100 >.99
Airway, breathing, circulation 58.9 (45.9-72.0) 54.6 (43.0-66.2) .89
Establish cause 50.0 (25.2-74.8) 76.2 (41.9-110.5) 34
Massage uterus 57.1(18.5-95.8) 66.7 (31.1-102.3) .59
Provision of drugs 28.6 (12.6-44.5) 56.0 (46.3-65.6) .04
Shift to theatre 85.7 (63.2-108.3) 78.6 (53.9-103.3) .56
Tamponade N/AR N/A N/A

8N/A: not applicable.

Discussion

Principal Results

In this article, we investigated the instructional design of a
technology-enhanced simulation-based training in obstetrics,
the reaction of participants, and the effect on knowledge,
teamwork, and medical technical skills of SHOs. Most
instructional design featureswere scored high, athough intervals
were large. The highest-rated instructional design feature was
feedback, and the lowest-rated were repetitive practice and

http://mededu.jmir.org/2021/1/e17277/

controlled environment. The overall rating of the SHOs for the
training program was high, with a mean score of 92.8 out of
100. Knowledge did increase after the training program, but no
changes in teamwork and (most) technical skills were found.
Results of the ID-SIM showed suggestions for improvement of
the instructional design of the training program to achieve
learning aims.

Strengths and Limitations

This study evaluates both the instructional design of a
technology-enhanced simulation-based training in obstetrics
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and the effect on Kirkpatrick levels 1 and 2 in a low-income
country at one of the biggest maternity wardsin theworld. The
validated ID-SIM was used to evaluate the instructional design
of the training program. A limitation of the study may be that
the ID-SIM was scored by the SHOs, who may not have much
expertise in evaluating an instructional design. However,
Fransen et a mentioned that the ID-SIM may be helpful for
less-experienced individuals who are challenged with the
development or evaluation of asimulation-based team training
course [47]. Nevertheless, validation of participants' ratings,
instead of expert opinion, on the ID-SIM could be an item of
further research.

Another limitation of this study isthelevel of expertise and the
composition of the training groups. SHOs of different study
years were divided into groups with a different team leader in
the first and last scenario of the day. This means that the level
of knowledge, skills, and teamwork of the team leader can differ
between sessions. Other limitationsinclude theratio of maleto
female participants with 72% male participants, and missing
data due to the dropout of 7 of the 68 SHOs without known
reason, 4 SHOs who didn't fill in the knowledge test, and 2
missing video recordings due to technical issues. Moreover,
only 33 SHOs participated in at least one repetition training.
Information on motivation and reasons for not participating in
further training sessions should beincluded in further evaluation
studies to optimize learning results. Furthermore, it was hard
to specifically define the level of knowledge, teamwork, and
medical technical skillsin advance. This may have resulted in
learning objectives that were not challenging enough for all
SHOs. Additionally, the item tamponade the uterus in the
medical technical skills could not be scored in the way it was
originally planned, as most scenarios were stopped before the
clusters reached the moment to practice this skill. Hence,
evaluation on Kirkpatrick levels 3 and 4 will probably not show
any effect of thistraining subjective. Finally, the training teams
only consist of SHOs, as it was not feasible to create working
scheduleswith fixed teamsincluding midwives, interns, SHOs,
obstetricians, anesthesiologists, and pediatricians. To measure
the effects of thetraining program using a stepped-wedge cluster
randomized trial in one hospital, fixed teams were necessary.
As the SHOs are the first responders after the midwives in
emergency care at the labor ward, we chose to focus on these
careproviders. However, we are aware that teamwork iscritical
to provide safe obstetric care. All of the previous studies that
have reported improvements after training have implemented
“in-house” training programs and have trained almost 100% of
their staff [52]. These features seem to be two of the active
components of effective training [52]. For future training, a
multiprofessional training program is recommended.

Comparison With Prior Work

DeLeeuw et al have identified and compared the outcomes and
methods used to evaluate postgraduate medical e-learning,
including simulation [45]. Of the theories, Kirkpatrick’'s
hierarchy wasthe most used method [45]. However, many other
ways to carry out an evaluation were found, and it is probable
that many ways to do so are correct [45]. A recommendation
by De Leeuw et a wasto evaluate not only the outcomes of an
educational intervention but to start with the evaluation of its
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design [45]. Robust instructional design is required to achieve
an effectivetraining course. Moreover, to perform comparisons
between simulation-based team training courses, Eppich et al
recommended standardized reporting of these instructional
designs[42,53]. Issenberg et al trandlated the literature into ten
important design features [46]. Five out of these ten features
corresponded to the educational theory of deliberate practice
by Ericsson et a [54,55]. Cook et al confirmed the effectiveness
of several of Issenberg’s instructional design features [46,56].
Thefeatureswereincorporated into two guidelinesfor designing
an effective simulation-based training by the Association for
Medica Education in Europe [57,58]. Later, Fransen et a
developed, based on previous findings, an evidence-based
assessment tool for evaluation of the instructional design of a
simulation-based team training: the ID-SIM [47]. Table 1 shows
the instructional design features of the technology-enhanced
simulation-based training in obstetrics evaluated in this study.
The table identifies the weaknesses in the instructional design
of thistraining: repetitive practice and controlled environment.

Repetitive Practice

Thereisincreasing evidence of the beneficial effect of repetitive
practice. Cook et al analyzed over 600 studies in a systematic
review and meta-analysis and reported that the distribution of
learning activities over more than one day was consistently
associated with larger effect sizes [59]. Bluestone et a aso
described that repetitive, time-spaced education exposure
resulted in better knowledge outcomes, better knowledge
retention, and better clinical decisions compared with single
interventions and live instruction [60]. Additionaly,
improvement in skills was demonstrated after various types of
refresher courses [61-64]. A study from van de Ven et a
reported that the beneficia effect of aone-day, simulation-based,
multiprofessional obstetric team training seemsto decline after
3 months [65]. Repetitive training sessions every 3 months are
therefore recommended. However, in low-income and
middle-income countries conflict may arise because having
adequate time and support for simulation-based training can be
achallenge. Several studies describe challenges of pulling staff
both as learners and educators out of their workplaces because
of staff shortages or complex schedules [14,17,66,67]. In
particular, longer courses have struggled with high on-site
dropout rates because of night call schedules[67]. Moreresearch
is necessary to determine the optimal training intervals in
low-income and middle-income countries. The effects of training
programs with different intervals between repetition sessions
on the four Kirkpatrick levels, but also on participants dropout
rates and participants and trainers motivation, should be
investigated in order to optimize thisinstructional design feature
in low-income and middle-income countries.

Controlled Environment

The other lower-scored item on the ID-SIM was controlled
environment. In a controlled clinical environment, learners can
make, detect, and correct errorsin patient care without adverse
consequences. Moreover, instructors can focus on learners
instead of patients. The low scorein thisstudy on thisitem may
have to do with staff shortages and complex schedules. Training
onswerefrequently interrupted by phone calls. Interference
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with clinical obligations may be a bigger issue in low-income
and middle-income countries compared with high-income
countries due to a shortage of personnel. Moreover, the
educational system of Uganda differs from the system in
high-income countries. In low-income to middle-income
countries, health professionals may not be as familiar with
simul ation-based education asin high-income countries[68,69].
Moran et al even described the educators lack of comfort with
leading simulations as one of the key challenges in
simulation-based training [69]. To increase the effectiveness of
the training program, the controlled environment has to be

van Tetering et al

were scored high, athough intervals were large. The highest
mean score was given on feedback, and the lowest scores on
repetitive practice and controlled environment. The overall
scorefor thetraining day was high, and knowledge did improve
after the training program, but no changes in teamwork and
(most) medical technical skills were found. The lowest-scored
instructional design features, controlled environment and
repetitive practice, may beimproved to achieve further learning
aims. Future studies should also include evaluation of the
instructional design of atraining program in order to understand
why some training programs are effective and others are not.

improved.

Conclusions

Most instructional design features of a technology-enhanced
simulation-based training in obstetricsin alow-income country
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Abstract

Background: Mobile learning has become an essential instruction platform in many schools, colleges, universities, and various
other educational institutions acrossthe globe, asaresult of the COVID-19 pandemic crisis. Theresulting severe, pandemic-rel ated
circumstances have disrupted physical and face-to-face contact teaching practices, thereby requiring many students to actively
use mobile technologies for learning. Mobile learning technol ogies offer viable web-based teaching and learning platforms that
are accessible to teachers and learners worldwide.

Objective: Thisstudy investigated the use of mobile learning platformsfor instruction purposesin United Arab Emirates higher
education ingtitutions.

Methods: An extended technology acceptance model and theory of planned behavior model were proposed to analyze university
students' adoption of mobile learning platformsfor accessing course materials, searching the web for information related to their
disciplines, sharing knowledge, and submitting assignments during the COVID-19 pandemic. We collected a total of 1880
guestionnaires from different universities in the United Arab Emirates. Partial least squares-structural equation modeling and
machine learning algorithms were used to assess the research model, which was based on the data gathered from a student survey.
Results. Based on our results, each hypothesized relationship within the research model was supported by our data analysis
results. It should also be noted that the J48 classifier (89.37% accuracy) typically performed better than the other classifierswhen
it came to the prediction of the dependent variable.

Conclusions: Our study revealed that teaching and learning could considerably benefit from adopting remote learning systems
as educational tools during the COVID-19 pandemic. However, the value of such systems could be lessened because of the
emotionsthat students experience, including afear of poor grades, stress resulting from family circumstances, and sadnessresulting
fromaloss of friends. Accordingly, theseissues can only be resolved by eval uating the emotions of students during the pandemic.

(JMIR Med Educ 2021;7(1):e24032) doi:10.2196/24032

KEYWORDS

COVID-19; pandemic; mobilelearning; fear; technology acceptance model; theory of planned behavior; prediction; intent; online
learning; machine learning; behavior
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Introduction

Background

Collegesand universities often actively aim to create web-based
teaching environments with the help of relevant learning
platforms and resources [1-3]. In addition, these higher
education institutions attempt to achieve effective student results
by providing various learning management platforms that
enhance strategies and practices for teaching and learning.
However, the COVID-19 pandemic has presented higher
education institutions with several chalenges, as students
worldwide have been experiencing negative emotions and
feelingswith regard to their studies. Such emotionsincludefear,
anxiety, and apprehension. A consequence of these negative
emotions is stigmatization, which students who are mentally
affected by fear often experience. In addition, students have
experienced discrimination, loss, and various other psychosocial
issues after COVID-19 was declared a pandemic [4-6]. The
lockdown effect has also had an impact on students' fear; the
need for e-learning became critical when education institutes
wereforced to halt their contact learning and teaching practices.
Furthermore, students’ fear can manifest as a fear of taking
risks, afear of failure, afear of missing out, and fear resulting
from insecurity [7-10]. Students’ fear can al so impact technology
adoption, as the COVID-19 lockdown has forced universities,
colleges, and schools to implement distance learning in an
attempt to lessen the harmful effects of COVID-19 and maintain
student learning.

A considerable percentage of colleges and universities have
experienced issues that relate to educators' experience with
using technology for teaching and learning. The technological
proficiency of students is also problematic, as classes need to
be conducted via web-based methods [11-15]. However,
adopting technology for distance learning is essential for
efficiently validating the conduction of web-based classes
[16-19]. According to the majority of technology adoption
studies, there are complications with regard to the adoption
process, as technology adoption can affect other teaching and
learning factors, such as learning strategies, learning contexts,
and technology availability.

Although severa researchers have focused on technology
adoption in their research, the adoption of creative teaching
methods (eg, the use of mobile learning apps) as aresult of the
COVID-19 pandemic and other similar disasters has yet to be
explored. It has become quite easy to find mobile |earning apps
on both the Apple Store and Google Play Store. Users can access
mobile learning apps from these stores, which are responsible
for automatically updating these apps. In addition, users have
been increasingly accessing these apps because of app stores
freemium approach [20,21]. However, students’ and educators
thoughts on implementing a mobile learning platform during
the pandemic must be considered. Therefore, the need for mobile
learning platforms and the issues surrounding the COVID-19
pandemic need to be addressed [22]. As the use of mobile
learning platforms is a relatively new practice, there is a lack
of research on how mobile learning can influence higher
education. Furthermore, although the technology adoption
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domain has undergone extensive research, there hasbeen alack
of focus on the emotion of fear when considering the adoption
of technology during the COVID-19 pandemic. Past studies
have mostly dealt with the technol ogical factorsin teaching and
learning, without paying any attention to psychological factors.
Theimpact of fear on technology adoption hasyet to be clearly
understood, and thisis often the reason why technol ogy has not
been used to its full potential when it comes to the education
domain [23].

After taking into consideration the limitations of technology
adoption in education, we aimed to provide educational
information on appropriate technology use, for times when
learners and educators are fearful of technology. This is
particularly relevant at times (eg, the COVID-19 pandemic)
when technology use becomes imperative for providing better
education to both |learners and educators, who are often novices
in terms of using technologica applications for teaching and
learning.

When it comesto the academic research adoption model, studies
have found that using the technology acceptance model (TAM)
and the theory of planned behavior (TPB) model as a hybrid
model is effective for technology adoption. With the help of
these models, it becomes possible to determine users
willingnessto accept and use technology [24,25]. Accordingly,
this study focuses on understanding students’ and educators
willingness to use mobile learning systems, by using the TPB
model and TAM, in addition to 2 external factors (ie, subjective
norms[SNs| and fear). Asaresult, wewere ableto usethe TAM
and TPB model to investigate students' and teachers' thoughts
on using machine learning methods during the spread of
COVID-19. In addition, assessments of fear during the
COVID-19 pandemic and how fear directly affects the TAM
and TPB model have been limited. After considering the lack
of research, we aimed to develop a hybrid model that can
determine the different fears that both learners and educators
may face during the COVID-19 pandemic. Sinceweinvestigated
the factor of fear, we believe that our research paper has an
increased chance of providing both teachers and app developers
with the technology and education-related information needed
for developing and implementing new technologies during the
COVID-19 lockdown period.

The unique educational problems that have emerged during
these unordinary times can be highlighted if more information
on the factors of machine learning adoption at the time of the
COVID-19 pandemic isgathered. COVID-19-related literature
on the technol ogy adoption domain can benefit higher education
institutions on atheoretical and practical level.

Literature Review

Previous research studies on technology adoption have focused
on the various forms of fear [23,26]. For example, anxiety is
an important factor that hel ps manage technology approval and
apprehension. Within the education sector, the adoption of
technology by students is influenced by anxiety [27].
Furthermore, apart from anxiety, alack of experience and skills
may al so influencetechnology use. Thefear of using technology,
combined with poor technological literacy and anxiety,
negatively affects the adoption of technology. Hence, it is
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essential for teachers and educators to focus on psychological
development and help students accept the use of technology.
Other factors of the fear of using technology within the
educational sector includetechnical readiness and preparedness,
technology adoption is negatively influenced by both of these
factors [28-30].

The education sector is not the only sector that has exhibited a
fear of technology adoption. Medical sector students usually
perceive risks and exhibit negative anxiety when technology is
used [31,32]. In addition, health anxiety is one of the top
concerns of the health care sector. Health anxiety includes the
apprehension of patients and the fear of receiving results about
asevereillness. With regard to the banking sector, various kinds
of fear that relateto customers’ perceptions and attitudestoward
technology have been recognized. Customers do not want to
use their data for mobile payments. Customers fear the use of
technology in mobile banking and are negatively influenced by
the frauds that have occurred. As a result, they lack both
technological experience and trust in technology [33,34]. With
regard to the household sector, the main reasons why technology
is not being used include the fear of using technology and the
fear that technology will increase the number of family tasks
[23].

Various research studies have assessed the issues that relate to
technological acceptance and fear. These research studies are
based on the TAM [29,30,32-35] and several other models
[28,31,36,37], and most of these research studies have assessed
how thefear of technology can influence technol ogy acceptance.
Various technology users have provided justifications for their
fear of technology use. For example, several users have stated
that their fear is related to self-confidence. Errors are made
when a human is assigned to a job, and excessively worrying

Figure 1. Study model.

Perceived ease
of use

Perceived
Useful

Perceived Fear

TAM

One of the main objectives of the TAM is to validate external
factors based on personal belief. The model is considered quite
powerful, since it can be used to explain individuals' ability to
accept thetechnology at their educational ingtitutions[41,43-45].
According to the TAM, the 2 kinds of perceptions that can be
measured are PU and the PEOU. This meansthat the behavioral
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about thisfact enhancesfear [38]. Moreover, several usershave
stated that they do not use technol ogy because they believe that
technology is time-consuming, and therefore does not allow
them to complete their tasks [39]. Various technology
acceptance studies have assessed the influence of fear on the
breach of data privacy, and this is why privacy and security
awareness are emphasized in technology research studies [40].

Previous studies have not provided sufficient empirical research
on the use of mobile learning in United Arab Emirates (UAE)
institutions, nor have they considered the factors that influence
students’ actual technology use. When it comesto methodol ogy,
technology acceptance researchers have typically analyzed
theoretical models by using structural equation modeling and
machine learning algorithms. After considering various
theoretical models, we conducted this study with the following
2 objectives: (1) examine how students use mobile learning by
integrating the TAM [41] and TPB model [42] into 1 theoretical
model, and (2) validate the created theoretical model with the
help of machine learning and partia least squares-structural
equation modeling (PLS-SEM) algorithms.

Theoretical Model and Research M odel

Model Design

In this study, the research model was developed to integrate the
SN and fear constructs into 2 kinds of theoretical models—the
TAM and TPB model. We believed that the SN and fear would
influence the perceived ease of use (PEOU) and perceived
usefulness (PU) of mobile learning systems. Additionally, we
believed that attitude and perceived behavioral control (PBC)
would be influenced by the continuous intention to use mobile
learning systems. The proposed theoretical model is presented
inFigure 1.

Intention to use
Mobile Learning
platform

intention of the user can be influenced directly. PU should be
considered because thisfactor hel ps with measuring the degree
to which technology must be evaluated by an individual, and
assessing whether atechnology is useful enough to be adopted
and accepted. However, the PEOU refersto the degreeto which
an individual believes that technology is manageable and
attainable [41].
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In the context of technology acceptance, attitude has been
defined as a user’s desire to use a system [46]. Previous maobile
learning studies have indicated that behavioral intention and
attitude are related to each other. Previous research has also
suggested that the intention to use mobile learning systems is
significantly influenced by attitude [47-50].

Keeping in mind the previous assumptions, it can be concluded
that if technology is considered to be easy to use, then users
will retain a positive attitude. Therefore, user perceptions are
quite important. If users have a positive attitude, it is believed
that the users will adopt technology. The following hypotheses
were proposed after applying the previous assumptions to the
research model: (1) the PEOU will predict the SN (ie, H1), (2)
the PEOU will predict PU (ie, H2); (3) PU will predict attitude
(ie, H3), (4) PU will predict the SN (ie, H5), and (5) people’'s
attitudes will predict their intention to use a mobile learning
platform (ie, H7).

SN

Individual perceptions can be measured by using atool called
the SN, which is a type of perception that is based on the
presence of individuals who exhibit similar attitudes and
behaviors toward technology. The TAM is strengthened by the
SN, sincethe TAM has been enabled to integrate user behaviors
that are present within a user group [51]. The SN isan external
factor that includes students' intentionsto adopt mobilelearning
technology for classmate group meetings.

Various literature on technology adoption or acceptance have
shown that the SN also influences behaviora intention, PU, and
the PEOU [45,52-54]. The SN and TAM have recently been
used as external factors in a study by Huang et a [55], who
stated that the TAM-embedded factors from various research
studies had a significantly close relationship with external
factors. However, they found that the externa factor SN was
not efficiently or deeply implemented in other studies. Previous
studies have stated that the intention of using mobile learning
platforms is significantly influenced by the SN [49,50,56-58].
Hence, the following hypothesis was developed: the SN will
predict peopl € sintention to use amobilelearning platform (ie,
H8).

Perceived Fear

On December 2019, the novel COV I D-19 disease was observed
in China, and with time, it spread throughout the world. Based
on recent studies, the reaction toward the perceived threat of
the SARS-CoV-2 virus has been fear. Additionally, the Health
Anxiety Inventory scale has shown that fear is at the highest
level [59]. Even though fear is perceived to be positive when
real dangers are present, fear in the context of the COVID-19
pandemic may be burdensome and chronic. There are various
forms of fear that are related to the COVID-19 pandemic,
including health anxiety, uncertainty, and the fear of therisk of
losing loved ones. The COVID-19 pandemic hasresulted in the
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development of 2 vital issues, as follows: a high degree of
worrying and ahigh possibility of being affected by the disease
[4,60].

This study aimed to analyze the association between the
adoption of technology and the external factor perceived fear
(PF), through the use of the TAM. In this study, TAM
limitations needed to be overcome. Such limitationsincludethe
implementation of externa factors that are specific to the
analysis of a TAM for PF, including PU, the PEOU, and the
SN [61]. Hence, the following hypotheses were devel oped while
keeping these factorsin mind: PF will predict PU (ie, H4), and
PF will predict the SN (ie, H6).

PBC

PBC isdefined as “ peopl €'s perception of the ease or difficulty
of performing the behavior of interest” [62]. Previous research
has shown that the intention to use mobile learning platforms
issignificantly affected by PBC[49,50,63]. Hence, thefollowing
hypothesis was proposed: PBC will predict peopl€e's intention
to use mobile learning platforms (ie, H9).

Our hypotheses were used to develop the proposed research
model, as indicated in Figure 1. The theoretical model was
presented as a structural equation model and analyzed with
machine |earning methods.

Methods

Context and Subjects

University students were the target population for this study.
The questionnaire was disseminated to university students in
the UAE. In total, 7 well-known universities in the UAE were
chosen for this study, namely the University of Sharjah, the
Higher Colleges of Technology, The British University in Dubai,
United Arab Emirates University, the University of Fujairah,
American University in UAE, and Ajman University. We used
aweb-based survey to collect datafrom May to June 2020. The
surveys were completed by the participants, who did not ask
for any compensation. In this study, the convenience sampling
technique was used for data collection. In total, 2000 surveys
were distributed, and a 94% response rate was recorded (ie,
1880 students completed the whole survey). The number of
mal es and femaleswho compl eted the survey was 1102 (58.6%)
and 778 (41.4%), respectively.

The percentage of participants aged 18-29 was 40.3%
(758/1880), and the remaining 59.7% of participants
(1122/1880) were older than 29 years. Furthermore, 33.3%
(626/1880) of the participants were undergraduate students,
45.2% (849/1990) were master students, 11.1% (209/1880)
were PhD students, and 10.4% (196/1880) were diploma
students. A comprehensive view of the collected datais provided
in Tables 1 and 2.
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Table 1. Number of students (N=1880) in participating universities.

Akour et d

University

Number of students, n

United Arab Emirates University

University of Sharjah

Higher Colleges of Technology

Ajman University

The British University in Dubai

University of Fujairah

American University in United Arab Emirates

568
439
365
287
103
68

50

Table 2. Summary of students’ demographic characteristics.

Variables

Participants, n (%)

Gender
Male 1102 (58.6)
Female 778 (41.4)

Age (years)
18-29 758 (40.3)
30-39 635 (33.7)
40-49 367 (19.5)
50-59 120 (6.5)

L evel of education
Diploma 196 (10.4)
Bachelor degree 626 (33.3)
Master degree 849 (45.2)
PhD degree 209 (11.1)

Study Design in the conceptual model’s 5-point Likert scale. To assess the 7

This study’s design consisted of 2 parts. The first part focused
on collecting participants’ demographic data. The second part
focused on collecting responses that were related to the factors

Table 3. Constructs and their sources.

constructs (ie, attitude, intention to use a mobile learning
platform, SN, PBC, PF, PEOU, and PU) in the questionnaire,
20 items were included in the survey. The sources of these
constructs are presented in Table 3.

Construct Number of items, n

Source, authors

Attitude

Intention to use amobile learning platform
Subjective norm

Perceived behaviora control

Perceived fear

Perceived ease of use

Perceived usefulness

w W W W w N W

Al-Emran et a [49], Cheon et a [50]

Al-Emran et a [49], Tan et a [64], Bao et a [65]
Al-Emran et a [49], Cheon et a [50]

Al-Emran et a [49], Cheon et al [50]

Developed in this study.

Al-Emran et a [49], Tan et a [64], Bao et a [65]
Al-Emran et a [49], Tan et a [64], Bao et d [65]

Questionnaire Pretest

Before conducting the final survey, it was important to make
sure that the questionnaire items were reliable by conducting a
pilot study with a random selection of 100 students from the
target population. We calculated Cronbach o valuesto measure
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the internal reliability of the items of each construct. Nunnaly
and Bernstein [66] have suggested that an acceptablereliability
coefficient should equal at least .70. Table 4 shows that this
study’s constructs had Cronbach a values of >.70. Therefore,
each construct wasreliable. Thismeant that each construct could
be used in the final research model.
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Table 3 showsthat the questionnaire's 5-point Likert scaleswere  this study.

reliable. Therefore, the measurement scales could be used in

Table 4. Cronbach a valuesfor the pilot study (Cronbach a=.70).
Construct Cronbach a
Attitude 736
Intention to use amobile learning platform 755
Subjective norm .864
Perceived behaviora control .859
Perceived fear .847
Perceived ease of use .887
Perceived usefulness .803

Results

Data Analysis

The theoretical model developed in this study was evaluated
by using 2 different techniques. The first technique involved
PLS-SEM and the use of the SmartPL S (SmartPL S GmbH) tool
[67]. This study used the PLS-SEM technique, mainly because
both the structural and measurement models could be
concurrently analyzed through PLS-SEM, thereby increasing
the preciseness of results[68]. Asfor the second technique, we
predicted the dependent variables of the conceptual model with
the help of machine learning algorithms in Weka (University
of Waikato) [69].

Model Reliability and Validity Assessment

We assessed the validity and reliability of the measurement
model [70]. Model reliability was tested by using Cronbach o
and composite reliability measures. It has been suggested that

http://mededu.jmir.org/2021/1/e24032/
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these measures must equal at least .70 to be acceptable[70]. As
per the results in Table 5, model reliability was confirmed, as
satisfactory values were attained for both measures.

According to Hair Jr et al [70], discriminant and convergent
validities can be evaluated to test model validity. We calculated
thefactor loading and average variance extracted val ues of each
construct item to determine convergent validity. It has been
suggested that the average variance extracted and factor |oading
values must equal at least .50 [71] and .70 [72], respectively,
to be acceptable. As per the results in Table 5, convergent
validity was confirmed, as accepted values were attained for
both measures. Furthermore, Henseler et al [ 73] have suggested
that the Heterotrait-Monotrait ratio of correlations can be
calculated to determine discriminant validity.
Heterotrait-Monotrait ratio values must fall below .85 to be
acceptable. As per the resultsin Table 6, discriminant validity
was confirmed, as accepted Heterotrait-Monotrait ratio values
were attained.
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Table 5. Convergent validity test results. Acceptable values (ie, factor loading, Cronbach a, CR%20.70, and AV Eb>0.5) were obtained.

Constructs and items Factor loading Cronbach a CR AVE
Attitude .798 .823 .760
ATT1 726
ATT2 .886
ATT2 .800
Intention to use a mobile learning platform 739 .789 .703
INT1 .846
INT2 .805
Subjective norm .758 811 716
SN1 .819
SN2 795
SN3 .883
Perceived behavioral control .843 771 .652
PBC1 .822
PBC2 .873
PBC3 778
Perceived fear 779 .798 593
PF1 .808
PF2 .845
PF3 .866
Perceived ease of use .769 .746 .633
PEOU1 .872
PEOU2 .832
PEOU3 .857
Perceived usefulness .715 .750 .785
PU1 .878
PU2 .906
PU3 .848

8CR: composite reliability.
PAVE: average variance extracted.
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Table 6. HTMT?ratios of correlations between each construct.

Construct Attitude Intention to use a Subjective  Perceived Perceived Perceived ease  Perceived
mobilelearning plat- norm behavioral  fear of use useful-
form control ness

Attitude, HTMT ratio _b 480 519 377 .330 .549 .651

Intention to useamobilelearning  .480 — .299 .583 514 .350 .504

platform, HTMT ratio

Subjective norm, HTMT ratio 519 .299 — 516 460 .393 511

Perceived behavioral control, 377 .583 516 — .602 .657 542

HTMT ratio

Perceived fear, HTMT ratio .330 514 460 .602 — .263 494

Perceived ease of use, HTMT ratio .549 .350 .393 .657 .263 — .333

Perceived usefulness, HTMT ratio .651 .504 511 542 494 .333 —

3HTMT: Heterotrait-Monotrait ratio.
BNot applicable.

Hypotheses Testing and Coefficient of Deter mination

The 9 hypotheses we proposed were tested by using the
structural equation modeling procedure [74]. Analyses were

carried out to determine the variance (ie, the R? value) of each
path, the variance of the research model, and the significance
of each hypothesized path association. Figure 2 and Table 7
show the standardized path coefficients and path significances.

The R? values for attitude, intention to use a mobile learning
platform, the SN, and PU ranged between 0.391 and 0.575, as
shown in Table 7. Hence, these constructs had a moderate
predictive power [75]. Based on the hypothesis data analysis,
the empirical data supported every hypothesis (ie, H1, H2, H3,
H4, H5, H6, H7, H8, and H9).

Table 8 and Figure 2 summarize the results of the hypotheses
tests, which indicated that the SN significantly influenced the
PEQU (=.756; P=.001), PU (B=.227; P=.03) and PF ([3=.480;
P=.04). These results supported hypotheses H1, H5, and H6,
respectively. PU had significant effects on attitude (3=.801,
P<.001), which supports hypothesis H3. The results also
revealed that the intention to use a mobile learning platform
significantly influenced attitude (3=.707; P<.001), the SN
(B=.553, P<.001), and PBC (3=.148, P<.001). These results
supported hypotheses H7, H8, and H9, respectively.
Additionally, the results show that PU was significantly
influenced by the PEOU (B=.264; P=.002) and PF ([3=.358;
P=.04). These results supported hypotheses H2 and H4,
respectively.

Figure 2. Hypotheses testing results. The R? values reported are for perceived usefulness, attitude, the subjective norm, and the intention to use a
mobile learning platform. The 3 values and statistical significance of each path are also reported. * significant at P<.05, **significant at P<.01.
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Table 7. R? values of the endogenous latent variables.

Akour et d

Constructs R2 Predictive power
Perceived usefulness 0.473 Moderate
Attitude 0.391 Moderate
Subjective norm 0.575 Moderate
Intention to use amobile learning platform 0.534 Moderate

Table 8. Summary of hypotheses testing results.
Hypothesis  Relationship Path 3 t test (dif)? P value Correlation  Decision

direction

H1 Perceived ease of use and subjective norm 756 18.179 (1876) .001 Positive Supportedb
H2 Perceived ease of use and perceived usefulness .264 10.203 (1876) .002 Positive Supported®
H3 Perceived usefulness and attitude .801 19.093 (1876) <.001 Positive Supported®
H4 Perceived fear and perceived usefulness .358 4,936 (1876) .04 Positive Supportedd
H5 Perceived usefulness and subjective norm 227 4.660 (1876) .03 Positive Supportedd
H6 Perceived fear and subjective norm 480 5.892 (1876) .04 Positive Supportedd
H7 Attitude and intention to use a mobile platform 707 15.337 (1876) <.001 Positive Supportedb
H8 Subjective norm and intention to use amobile platform .553 19.485 (1876) <.001 Positive Supported”
H9 Perceived behavioral control and intentiontousea  .148 18.089 (1876) <.001 Positive Supported®

mobile platform

#Thet test conducted was 2-tailed.

5The hypothesisis supported based on a significant P value of <.001.
®The hypothesis is supported based on a significant P value of <.01.
The hypothesisis supported based on a significant P value of <.05.

Hypotheses Testing With Machine L earning
Algorithms

This study was conducted with the assistance machine learning
classification algorithms, which were applied through various
methodol ogies, such asneural networks, if-then-el se statements,
decision trees, and Bayesian networks. Machine learning
algorithmswere used to predict the rel ationshipsin the proposed
theoretical model [69,76,77]. With the help of Weka (version
3.8.3), the predictive model was tested on the basis of different
classifiers, such as the OneR, 348, Logistic, LWL (Locally
Weighted Learning), AdaBoostM1, and BayesNet classifiers
[78,79]. In terms of predicting the PU of mobile learning
systems, the M8 classifier performed better than the other
classifiers, as seen from the results in Table 9. In the 10-fold
cross-validation, the J48 classifier had an accuracy of 83.76%
when predicting PU. Accordingly, these results supported
hypotheses H2 and H4. The 348 classifier performed better than
the other classifiers because of itshigh true positive rate (.837),
precision (.803) and recall value (.838).

http://mededu.jmir.org/2021/1/e24032/

In terms of predicting attitude, the J48 classifier performed
better than the other classifiers, as seen from theresultsin Table
10. The J48 classifier was able to use PU to predict attitude with
an accuracy of 80.13%. Accordingly, these results supported
hypothesis H3.

Theresultsin Table 11 suggest that the J48 classifier performed
better than the other classifiers when it came to predicting the
SN based on the PEOU, PU, and PF. By using these constructs,
the J48 classifier could predict the SN with an accuracy of
89.37%. Accordingly, these results supported hypotheses H1,
H5, and H6.

Accordingto theresultsin Table 12, the J48 classifier performed
better than the other classifiers when it came to predicting the
intention to use a mobile learning platform based on attitude,
the SN, and PBC. When predicting theintention to useamobile
learning platform, the J48 classifier had an accuracy of 86.66%.
These results supported hypotheses H7, H8, and HO.
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Table 9. Predicting perceived usefulness based on the perceived ease of use and perceived fear.
Classifier cCl® % TP rate FF° rate Precision Recall F measure
BayesNet 80.11 .801 .295 721 .801 .790
Logistic 81.02 .810 .308 735 .810 .798
Lwid 80.54 .805 .339 705 .810 .801
AdaBoostM1 82.10 .821 .338 732 821 .819
OneR 81.66 .816 .337 712 .820 .816
Ja8 83.76 .837 .634 .803 .838 .828
8CClI: correctly classified instances.
TP true positive.
°FP: false positive.
dLwiL: Locally Weighted L earning.
Table 10. Predicting attitude based on perceived usefulness.
Classifier ccl@ % TF® rate FF° rate Precision Recall F measure
BayesNet 78.02 .780 229 735 781 726
Logistic 77.22 q72 .205 737 7123 728
Lwd 76.79 767 .269 .700 .768 .687
AdaBoostM1 78.11 781 .289 745 782 776
OneR 79.61 .796 301 754 .800 .798
J48 80.13 .801 480 787 .801 .800
8CCl: correctly classified instances.
5TP: true positive.
°FP: false positive.
dwL: Locally Weighted Learning.
Table 11. Predicting the subjective norm based on the perceived ease of use, perceived usefulness, and perceived fear.
Classifier cCl@ % TP rate FF° rate Precision Recall F measure
BayesNet 80.76 .807 311 .760 .810 .758
Logistic 80.63 .806 .369 762 .810 759
Lwid 80.06 .800 299 756 801 748
AdaBoostM1 81.37 .813 378 .763 .814 .760
OneR 82.79 .827 409 772 .833 772
Ja8 89.37 .893 .598 .788 .894 782

8CCl: correctly classified instances.
TP true positive.
CFP; false positive.
dLwi: Locally Weighted L earning.
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Table 12. Predicting the intention to use amobile learning platform based on attitude, the subjective norm, and perceived behavioral control.

Classifier cCl® % TP rate FF° rate Precision Recall F measure
BayesNet 81.10 811 .303 .753 812 .750
Logistic 81.23 812 371 .758 813 752
LwL® 80.73 807 389 751 812 750
AdaBoostM 1 81.44 814 .369 .762 815 .761
OneR 83.76 .837 .396 770 841 .768
J48 86.66 .866 .595 .802 872 .798

8CCl: correctly classified instances.
TP true positive.
CFP: false positive.
dLwL: Locally Weighted L earning.

Discussion

Principal Findings

Totest our proposed model, we used acomplementary approach
that combined the use of PLS-SEM and machine learning
classification algorithms. There arefew studiesthat have aimed
to use machine learning algorithms to predict the actual use of
mobile learning systems. Accordingly, studies that use a
complementary multianalytical approach can play amajor role
in information systems literature and research. It should also
be noted that PLS-SEM can help with predicting a dependent
variable and validating a conceptual model that aims to extend
an existing theory [80]. Similarly, adependent variable can also
be predicted with the help of supervised machine learning
algorithms (ie, machine learning algorithms with a predefined
dependent variable) and independent variables [69]. Another
aspect of our study was the use of various classification
algorithms in conjunction with the application of various
methodologies, including if-then-else rules, neura networks,
association rules, Bayesian networks, and decision trees. The
JA8 decision tree typically performed better than the other
classifiers, as determined by our findings. Furthermore, we used
a nonparametric decision tree to classify both categorical and
continuous (ie, numerical) variables to obtain homogeneous
subsamples from our main sample, on the basis of the main
independent variable [69]. In other words, we used the
nonparametric PLS-SEM techniqueto determinethe significance
of coefficients by using sampl e replacements, which weredrawn
from numerous subsamples on a random basis. This analysis
provided empirical evidence for the impact of using mobile
learning platforms during the COVID-19 pandemic. Our
hypotheses (ie, H1, H5 and H6) significantly and positively
supported the rel ationshi ps between the SN and PEOU (P=.001),
the SN and PU (P=.03), and the SN and PF (P=.04). Numerous
research studies have assessed the relationship between the SN
and PEOU, the SN and PU, and the SN and PF [23,41,43-45].
Moreover, our analysis provided empirical evidence for the
effect of the PEOU on PU, as proposed in hypothesis H2. Our
results showed that this effect was positive and significant
(P=.002). Therefore, hypothesisH2 wasin linewith the findings
of various studies [47-50].

http://mededu.jmir.org/2021/1/e24032/

Our analysis also provided empirical evidence for the effect of
PU on attitude, as proposed in hypothesis H3. Our results
showed that the effect was positive and significant (P<.001).
Therefore, hypothesisH3 wasin linewith the findings of various
studies [41,43-45,49]. PF also had a significant effect on PU
(P=.04), which supported hypothesis H4 [23]. The seventh,
eighth, and ninth hypotheses (ie, H7, H8, and H9) were
developed to determine whether attitude, the SN, and PBC
affected peoplé€’s intention to use a mobile learning platform.
Our results showed that the effects attitude (P<.001), the SN
(P<.001), and PBC (P<.001) on peopl€'s intention to use a
mobile learning platform were positive and significant.
Therefore, H7, H8, and H9 were in line with the findings of
various studies [49,50,56-58,63]. Our anaysis strongly
supported the proposed research model. The findings of other
researchers [23,41,43-45,47-50,56-58,63] and our results have
similarities.

Research studies have assessed the influence of the COVID-19
pandemic on modern technology, specifically the effects of the
pandemic on technology that is used for learning and teaching.
Technology is an effective tool that provides a new and viable
platform for enabling the continuation of teaching and learning
during lockdown [81]. Therefore, this study aimed to analyze
theinfluencethat COVID-19 has on teaching practices, by using
machine learning algorithms. Our research model emphasized
the effects of PF, which had an extraordinary influence on
measuring the effects of COVID-19 on student and teacher
groups. Furthermore, our analysis was able to assess the
influence of the pandemic on mobilelearning technol ogies that
are used for teaching. Hence, our study helps with removing
theidentified gapsin thefield and establishing abasisfor future
research on mobile learning and teaching practices.

Theoretical and Practical Implications

Our analysis contributes to existing literature by exploring the
primary impediments that hinder the effective use of mobile
learning systems during the COVID-19 pandemic. This study
provides several important practical findingswith regard to the
use and adoption of mobile learning systemsin limited-income
states, such as the UAE. For instance, previous research has
only highlighted infrastructure as the main impediment to the
use of e-learning systems [16-19], but in reality, various other
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factors also pose a challenge to mobile learning technology
adoption. These impediments include specialized issues that
relate to mobile learning frameworks. Such issues include
changes in management, problems related to course designs,
computer knowledge issues, and monetary issues. Based onthe
results of our study, we can provide helpful proposalsto policy
makers, designers, devel opers, and researchers. These proposals
will enablethem to achieve greater familiarity with theimportant
elements of successful mobile learning system adoption.

The first proposal is that important technical resources for the
continuoustechnical maintenance of mobilelearning platforms
must be provided by university administrations and technical
support staff, to encourage the extensive adoption of maobile
learning materials and prevent specialized issues or
postponements. The second proposal is that the successful
implementation of mobile learning technologies by students
and instructors should only occur if the essential hardware,
software, and internet connectivity are provided by university
administrations. Additionally, these university administrations
should provide consistent upgradesfor technological resources.
The third proposal is that designers and developers need to
develop mobile learning systems that are user-friendly, easy to
use, and not complicated. When students and instructors find
that mobile learning systems are easy to use and user-friendly,
they will be encouraged to use maobile learning systems. The
fourth proposal isthat policy makersat UAE universities should
resort to new policies and guidelines that encourage the use of
mobile learning systems among students and teachers. In
addition, policy makers should adjust educational policies to
guarantee an adaptable transition from traditional learning to
mobile learning. Support from top management is imperative
in technology progression. Moreover, technology progression
requires training programs to ensure that mobile learning
system—related institutional principles are being promoted and
strictly followed by teachers. The fifth proposal is that the
outcomes of our study can help university policy makers
concentrate on enhancing teachers educationa technology
knowledge by arranging training programs on methodsfor using
mobile learning systems. Such training programs are essential,
since teachers’ educational technology—related knowledge and
skills are likely to convince students to use maobile learning
systems, which will lead to better teacher performance and
improved student efficiency. The sixth proposal is that
universities need to concentrate on promoting mobile learning
systems through training courses that highlight the benefits of
using mobile learning systems. Universities must also focus on
developing students competency in using information
technology. The main reason for thisis that students’ expertise
in computer studies and positive views on mobile learning
systems have a favorable impact on the success of mobile
learning systems. Based on the outcomes of our study, we can
provide a better understanding of mobile learning systems and
offer recommendations for effectively implementing maobile
learning systems during the course of the COV1D-19 pandemic.

Limitations and Future Research

It is necessary to report on various key limitations of this study.
First, caution needs to be taken when generalizing our results
to other ingtitutes in the UAE or other parts of the world. This
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is attributed to the fact that we only collected data from 7
education ingtitutions. Additionally, participants were selected
based on a convenience sampling technique. If these limitations
are considered, future research can contribute to the
generalization of our results. Second, this study only evaluated
students’ actual use of mobilelearning systems. Future research
should also focus on teachers' actual use of mobile learning
systems, so that more information on influencing factors and
system implementation can be determined.

Recommendations

With regard to web-based teaching, amobilelearning platform
is considered to be a safe environment. During the COVID-19
pandemic, web-based teaching systems have been
recommended. During the lockdown, web-based teaching
systems have been considered a temporary solution. The
availability of machine learning has promptly provided students
and teachers with self-sensing security and communication
tools. For example, in the UAE, Sharjah City was affected by
the spread of the SARS-CoV-2 virus, and as a result, a
web-based mobile learning tool has proved to be quite useful.
Thismobilelearning platform has various advantages over other
communication platforms. First, this platform can be used on
laptops and smartphones; the students of the University of
Sharjah have joined and participated in classes by using this
platform on their smartphones. Second, the links to each class
period can be used at various times, thereby allowing students
to communicate with teachers at any point in time during the
day. Third, the students have been much more confident, and
their feelings of fear have been minimized.

Conclusion

This study’s results are similar to those presented in earlier
research studies on theimportance of variablesin the TAM and
TPB model [41,42,44,45]. We observed that during the
COVID-19 pandemic, students were much more accepting of
technology if mobilelearning technology wasthe only available
tool for learning. Our PU-related and PEOU-related results are
also similar to those of other studies that have assessed the
influence of PU and the PEOU on students acceptance of
mobile learning technology. Therefore, PU and the PEOU
should be considered indicators of students’ willingness to use
mobile learning platforms during the COVID-19 pandemic.
Furthermore, PU was highly affected by the PEOU, which
indicates that if a technology is easy to use, then it is aso
considered useful. Additionally, according to our results, there
was a significant association between students’ acceptance of
mobile learning technology and the subjective norm (P<.001).

Studies have indicated that students' behavior within the
classroom, their behavior in daily life, and their reactionsto the
use of mobilelearning technology highly affect their acceptance
of mobile learning technology. Previous research studies
[45,52-54] have also stated that the SN and students’ acceptance
of mobile learning technology are associated. In the UAE,
students are considerably influenced by their classmates
behaviors. This influence has increased the sense of security
and comfort of students who have attended classes during the
pandemic. Furthermore, students are motivated to use mobile
learning technology to spend time with people who attend the
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same class. Additionally, there were several variables that
significantly influenced the SN, other than the PEOU and PU.
According to our results, instructors’ and students' attitudes
also helped to promote the use of mobile learning platforms as
a learning tool during the pandemic period. If students and
teachers have positive attitudes toward the use of mobile
learning tools, they will perceive such tools to be useful,
enjoyable, and effort free.

Our findings are consistent with those of previous studies [82].
For example, it has been stated that peers, students, and
instructors provide useful feedback that affects students
attitudes and perceptions toward technol ogy effectiveness. Due
to the COVID-19 pandemic, fear has been on the rise. This
should be considered an essential topic for future research, as
the human population continues to be severely affected by the

Akour et d

COVID-19 pandemic. The SARS-CoV-2 virus has a high
probability of transmission, which is why there is a need for
completelockdown and stay-at-home strategies throughout the
world [83]. In this study, we developed a model that is useful
for conducting future studies, as our model can help with
assessing the influence of COVID-19 during the pandemic
period. Based on our study results and the rise of fear during
the pandemic period, we believe that maobile learning
technologies are important and useful tools that help to reduce
students' and instructors’ fear. In our study, PF highly affected
PU and the PEOU. Furthermore, according to the responses we
received, fear was quite evident during the pandemic period.
However, mobile learning platforms maintained a high degree
of PU and PEOU, which reduced fear and encouraged students
to participate in their scheduled classes.
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