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Abstract

Background Asynchronous e-learning has become the mainstream choice since the transformation of learning for-
mats by the coronavirus disease-19 pandemic. This scoping review aimed to examine the technologies used in asyn-
chronous e-learning for the continuing education of clinical nurses and their modes of delivery and effectiveness.

Methods This scoping review covered the period between 2011 and 2023. Six databases were searched for relevant
studies following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis extension for Scoping
Reviews (PRISMA-ScR) protocol.

Results Sixty articles met the inclusion criteria. There was a noticeable trend toward using diverse technology-
enabled and enhanced training (TEET) options after 2017. The enabling technological approaches, such as interactive
online modules (25 articles) and video modules (25 articles), are described in the articles. The most commonly used
enhancing technologies were scenario-based learning (nine articles), resource access (eight articles), computer simu-
lation or virtual reality (three articles), and gamification (three articles). Among the outcomes, knowledge acquisition
was the most commonly examined outcome (41 articles).

Conclusions Notably, many interactive TEET modules were used in asynchronous e-learning. There were few studies
on gamification, computer simulation or virtual reality, and scenario-based learning (techniques to enhance intrinsic
motivation further). However, the adoption of asynchronous e-learning with advanced TEET options is anticipated

to increase in the future. Therefore, objective outcome measures are required to determine the effects of such learn-
ing methods on knowledge acquisition and behavioral changes.

Keywords Asynchronous e-learning, Technology-enabled and enhanced training, Continuing education, Clinical
nurses
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Background

E-learning enables learning regardless of the learner’s
geographic location and time [1, 2]. In recent years, it has
become the mainstream choice for continuing education
for nurses, and changes in learning formats prompted
by the coronavirus disease 2019 (COVID-19) pandemic
have further increased the uptake of e-learning [3-5].
E-learning can be synchronous, connecting learners
with instructors and other students in real-time, or asyn-
chronous, allowing learners to study at a time and place
of their choice [6]. The asynchronous type is a learner-
directed method suitable for adult learning which enables
learners to balance professional development with per-
sonal and professional obligations, particularly for nurses
with irregular work schedules [7, 8]. However, because
of the high level of independence among learners using
e-learning, the lack of motivation for learning is consid-
ered a serious issue, and various types of asynchronous
e-learning models have been developed to overcome this
challenge.

The asynchronous e-learning models and designs
reported in the literature range from slide-based mod-
els to types that include interactive elements [9]. Deliv-
ery methods also vary, with the most common methods
categorized as (a) enhanced or supplemental, serving as
an aide to face-to-face classroom learning and providing
students with relative independence; (b) blended e-learn-
ing models, integrating face-to-face classroom and online
learning; and (c) pure online or fully online models that
provide students with maximum independence with no
classroom or traditional face-to-face learning [10]. In
recent years, novel e-learning methods, such as gamifica-
tion and augmented or virtual reality (AR or VR), have
been developed using information communication tech-
nology (ICT) and other technologies [1, 11, 12].

The term technology-enabled and enhanced train-
ing (TEET) reflects the various contributions of
technology to education [13]. TEET includes both tech-
nology-enabled and technology-enhanced training. Tech-
nology-enhanced training can improve the effectiveness
of interactive learning using videos, graphics, images, or
simulations [14]. TEET continues to evolve as it is closely
aligned with technological advancements [14]. How-
ever, very few studies have examined the effectiveness
of e-learning using innovative technology in continuing
education for nurses [1].

Button et al. [15] conducted a literature review to
identify the technologies used for e-learning and ICT
in nursing education and the problems the learners and
educators face. The results revealed issues related to
learners’ e-learning, information technology use, edu-
cators’ pedagogy, workload, and staff development for
e-learning and related technologies. However, this study
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was a 10-year-old literature review covering the period
between 2001 and 2012, which differs from the current
ICT situation, although the low level of computer lit-
eracy is still an issue. In addition, the e-learning format
was simple, such as a PowerPoint slide format or simple
video. Furthermore, because the target audience included
clinical nurses and students, the characteristics of contin-
uing education for health personnel, such as motivation
to learn and outcome evaluation, were unclear.

Ngenzi et al. [14] conducted a scoping review to identify
available and effective TEET options to provide continu-
ing professional development to health care providers in
Rwanda, a low-income country with a limited and widely
distributed health workforce. Technologies were catego-
rized into modes of delivery and technological approaches.
The technological approaches are divided into two sub-
categories: enabling technologies and enhancing technolo-
gies. They found several valid TEET options for both pure
e-learning and blended learning modes and internet-
based technologies. In this previous review, all studies
using technological approaches also measured changes
in the health personnel’s knowledge, skills, and behaviors,
leading to increased knowledge acquisition, skills and
self-efficacy, and leadership skills [14]. However, this pre-
vious study concerns e-learning and ICT-based educa-
tion. Therefore, with the current development of various
novel asynchronous e-learning methods, we considered
that by categorizing asynchronous e-learning in continu-
ing education for clinical nurses within the framework of
TEET options used by Ngenzi et al. (2021) [14], we could
identify effective TEET options and their delivery meth-
ods and educational effectiveness. This scoping review is
anticipated to provide suggestions regarding the features
that can be included in asynchronous e-learning, which
is expected to accelerate in the future, and is foreseen to
clarify the effects of asynchronous e-learning and learner
motivation, which is an issue in asynchronous e-learning.

Purpose and research question

This study aimed to identify the features of asynchronous
e-learning for the continuing education of clinical nurses.
The following research questions were addressed:

(1) What technologies are used (TEET options) and
their delivery modes in asynchronous e-learning for
clinical nursing education?

(2) What are the effective outcomes and outcome
measures adopted in clinical nursing education
using asynchronous e-learning?

(3) What are the benefits and issues related to asyn-
chronous e-learning?
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Definition of terms

Asynchronous e-learning

A type of e-learning that does not have a human facilita-
tor and allows self-directed learning at a time and place
of the learner’s choice.

Synchronous e-learning
A type of e-learning wherein a human facilitator is pre-
sent, and the learning takes place in real time at a fixed
time. Learners are often able to interact with the instruc-
tor and other learners.

Methods

A scoping review was selected as this study’s methodol-
ogy. A scoping review provides an overview (mapping)
of a broad body of literature, allowing for a compre-
hensive survey of current research and identification
of areas where research has not yet been conducted
(research gaps) [16, 17]. The scoping review methodol-
ogy was conceptualized by Arksey and O’Malley [18]
in 2005 and was subsequently developed by Levac et al.
(2010) [19] and the Joanna Briggs Institute [20]. In 2018,
Tricco et al. published guidelines for reporting scop-
ing reviews as an extension of the PRISMA statement
(i.e., Preferred Reporting Items for Systematic Reviews
and Meta-Analysis) [17] (PRISMA-ScR: PRISMA exten-
sion for Scoping Reviews). The present review was
conducted following the PRISMA-ScR protocol. The
review framework consisted of 5 steps: (1) defining the
research question; (2) identifying relevant studies; (3)
selecting the studies; (4) charting the data; and (5) col-
lecting, summarizing, and reporting the results.

Identifying relevant studies

The lead author (RK) and our university librarian
devised the search strategy. The period covered was
between 2011 and 2021. The following indexing data-
bases were searched: PubMed, CINAHL, Cochrane
Library, ERIC, Embase, and Ichu-shi Web. The inclu-
sion criteria were intervention studies and practice

Table 1 Search terms
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reports on asynchronous e-learning in clinical nursing
education written in English or Japanese. Notably, the
same educational system training program provides
post-graduate education for nurses and midwives in
Japan. Therefore, midwives were included in the tar-
get population. The exclusion criteria were as follows:
studies with no description of whether the e-learning
method was synchronous or asynchronous or of the
TEET option used, conference proceedings, and stud-
ies that included nursing students. The search terms
used are listed in Table 1. The target population was
clinical nurses and midwives; however, we decided to
include cases in which nurses were part of the health
care team. Therefore, the search terms were not limited
to nurses but also included health personnel. With the
expert help of our librarian, we checked each database
for the inclusion of nurses in the subterms of health
care professionals. In addition, many studies did not
specify whether the type of e-learning was synchronous
or asynchronous; therefore, we searched extensively
for terms relating to e-learning. The Patient, Concept,
Context (hereafter, “PCC”) framework shown in Table 1
was used as follows; Patient: Health personnel, Concept:
Asynchronous e-learning and TEET, and Context: Clini-
cal setting. The search string was created by connecting
search terms related to each PCC category with OR and
combining them with AND. The search formula used in
PubMed was as follows:

((“e-learning”[Title/Abstract] OR “electronic learning”
[Title/Abstract] OR “web based learning”[Title/
Abstract] OR “online-learning”[Title/Abstract] OR
“ICT”[Title/Abstract] OR “distance learn*”[Title/
Abstract] OR “computer assisted instruction’[MeSH
Terms] OR “internet based learning”[Title/Abstract]
OR “technology enhanced learning"[Title/Abstract])
AND (“health personnel’[MeSH Terms] OR “health
professional*”’[Title/Abstract] OR “nurse’[Title] OR
“nurses”[Title] OR “midwi*’[Title]) AND (“education,
continuing”[MeSH Terms]).

Patient, Concept, Context (PCC) Target

Search words

P: Patient Health personnel
(C) Concept

training
(C) Context Clinical setting

Asynchronous e-learning with technology-enabled and enhanced

* health personnel

« health professional
+ e-learning

« electronic learning
+ web-based learning
+ online learning

+ education
+ continuing education
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* Total number of records identified across all databases/registers, and number of records identified from each database searched.

**Number of records excluded by manually.

Fig. 1 PRISMA-ScR flow diagram of the article selection process. * Total number of records identified across all databases/registers, and number
of records identified from each database searched. **Number of records excluded by manually

We searched each database with the librarian, checking
each subword so that the other databases would follow
the same search formula.

The search was conducted on February 18, 2022, with
a follow-up search on June 12, 2023, to add new litera-
ture. The Rayyan software was used to manage the search
results.

Selection of studies

An overview of the article selection process is presented
in the PRISMA-ScR flow diagram (Fig. 1). In total, 1428
articles were selected, and after removing duplicate refer-
ences using automation tools, 1344 articles were selected
for screening. In the first stage, two researchers (RK and
MM) independently and manually screened the titles,
abstracts, and inclusion or exclusion criteria. The authors
were blinded to each other’s judgment. They classified
the studies using Rayyan as included, excluded, or unde-
cided, and the authors discussed the articles classified
as “conflicting” and “undecided” The screening process
yielded 294 studies, of which 283 were eligible for full-
text review. After excluding 11 that were unavailable, a

second screening was conducted similarly. Consequently,
studies that did not include nurses in the target popula-
tion (n=77), did not focus on asynchronous e-learn-
ing (n=23), or had different objectives (n=123) were
excluded, and 60 reports were finally selected (Table 2).

Charting the data

Data were extracted from the 60 articles, and data were
charted for the following items: author, publication year,
country, target population, study design aims, type of
e-learning, outcomes, measurement tool of outcomes,
benefits or effects related to e-learning technology, and
issues or needs related to e-learning technology. The
e-learning modes of delivery and technologies used
were classified into modes of delivery and technological
approaches (i.e.,, TEET) using the classification of Ngenzi
etal. (2021) [14]. The quality of the articles was not exam-
ined as this step was not part of the study’s objective.

Collating, summarizing, and analyzing data
A table summarizing the articles’ characteristics
and findings was prepared, and a list of articles was
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compiled. An overview of the studies was conducted
by systematically counting the geographic distribution
of the articles, year of publication, TEET options, out-
comes, and content analysis of the studies to identify
the benefits, effects, and challenges related to e-learn-
ing technologies. The results were shared among the
researchers, and the classification and results of con-
tent analysis were discussed to ensure consensus on
the perceptions. Content analysis was conducted using
the conventional content analysis method by Hsieh and
Shannon (2005) [78]. The article’s content was read
and summarized in the first stage according to seman-
tic units (primary codes). In the second stage, primary
codes were grouped and converted into secondary
codes in light of the research objectives and analysis
categories. In the third step, the codes were grouped
into subcategories by comparing them from the view-
point of similarity and difference. As for the fourth
step, the codes were categorized based on the relation-
ships among the subcategories.

Results

Characteristics of selected studies

Between 2011 and 2023, 11 studies were published in
2020, 10 in 2017, and seven in 2015; 39 of the 60 studies
were published in 2017 or later (Fig. 2). Data on coun-
try of publication are shown in Fig. 3. The most com-
mon continents of publication were Asia (25 articles:
China, three [27, 32, 40]; Japan, 11 [29, 34, 56, 61, 63,
64, 68, 70, 71, 75, 76]; South Korea, six [26, 30, 44, 47,
65, 69]; Singapore, two [12, 67]; Turkey, one [38]; Israel,
one [66]]; Iran, one [25]), followed by North America
(21 articles: US, 18 [11, 21, 24, 31, 39, 43, 46, 48-50,
52, 54, 55, 58, 60, 62, 72, 73]; Canada, three [9, 23, 57]),
Europe (eight articles: UK, two [35, 45]; Spain, one [36];
Italy, one [59]; Switzerland, one [74]; Netherlands, one
[77]; Sweden, one [37]; Finland, one [51]) and Australia
(six articles [22, 28, 33, 41, 42, 53]). Of the 60 studies,
three were systematic review articles (Table 3) [9, 12,
41], while the remaining 57 were intervention stud-
ies. The study population in the 37 articles included
only nurses, two included only midwives [34, 63], and
21 included health personnel, such as physicians and
therapists. The total number of healthcare professionals
included in the intervention studies examined in this
study was 26,273. Of the study designs, the most com-
mon was pretest—posttest (n=34), followed by quasi-
experimental design (n=8) and randomized controlled
trial (n=8), and systematic review (n=3).

Technologies used (TEET options)
Table 4 shows the classifications of technological
approaches based on the two categories mentioned by
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Ngenzi et al. (2021) [14]. The most commonly used tech-
nologies among enabling technologies were interactive
online modules (25 articles) [11, 21-24, 28, 29, 31, 33, 35,
37, 42, 43, 45, 48-50, 53, 54, 56, 57, 62, 65, 66, 72] and
videos (25 articles) [11, 24, 26, 30-32, 34, 35, 38, 42, 44,
50, 52, 57, 61, 65, 68, 70-77]. The next most commonly
used technologies were slides or PowerPoint (11 articles)
[11, 34, 39, 46, 47, 58, 59, 63, 69, 73, 77] and online dis-
cussions (seven articles) [11, 26, 28, 31, 54, 57, 72]. The
most commonly used enhancing technology category
was scenario-based learning (nine articles) [31, 32, 42,
51, 53, 54, 59, 62, 76], followed by resource access (eight
articles) [24, 26, 28, 33, 35, 53, 59, 60] and narrated Pow-
erPoint (eight articles) [23, 27, 46, 57, 60, 64, 71, 75],
computer simulation or virtual reality (three articles) [31,
49, 62], and gamification (three articles) [11, 50, 67]. Five
studies used multiple enhancing technology options [31,
53, 59, 60, 62]. Overall, there was a marked trend toward
using various TEET options after 2017.

Modes of delivery

According to Ngenzi et al. (2021) [14], delivery modes can
be classified into three categories: face-to-face or on-cam-
pus delivery, blended delivery, and pure online delivery.
Blended delivery is “a mode of study that encompasses
both online and face-to-face learning’, and pure online
delivery “encompasses online learning” Of the 57 stud-
ies, 46 used purely online learning, and 11 used blended
learning [37, 43, 44, 48, 51, 54, 63, 66, 68, 70, 77].

Outcomes

As shown in Table 4, all of the included papers reported
some outcomes. Knowledge acquisition was the most
frequently reported outcome (41 articles), followed by
behavior (14 articles) [11, 24, 32, 33, 35, 39, 42, 45, 47, 49,
52, 59, 64, 76], attitude (12 articles) [11, 30, 32, 35, 40, 44,
45, 49, 52, 53, 59, 66], satisfaction (nine articles) [22, 24,
30, 34, 36, 38, 57, 59, 71], and skills (nine articles) [43, 50,
61, 62, 67,68, 70,72, 77].

The studies did not use a common method for assess-
ing the outcomes. The following scales and tools were
used in the studies: the knowledge, confidence, and atti-
tudes scale [53]; self-efficacy toward helping scale [45];
professional comfort and capability instrument [55];
sexual healthcare practice scale [26]; attitudes regarding
the use of restraints scale [44]; and other existing scales
as well as independently developed tests, scales, and
questionnaires such as comprehension, awareness, and
confidence [28, 29, 33, 34, 47-49, 63, 65, 69, 72]. Atti-
tude and behavioral outcome items were previously the
main assessment items, but recent years have shown a
trend toward assessing skills. In addition, among the
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enhancing technologies that have been used since 2017,
those using computer simulation or virtual reality, sce-
nario-based learning, and gamification were effective in
improving knowledge acquisition and actual behavior-
related outcomes such as skills, behavior, performance,
and attitude [11, 49, 50, 53, 62, 67].

Benefits of asynchronous e-learning

The benefits of asynchronous e-learning were as follows:
cost-effective [25, 30, 32, 39, 47, 57, 70], time-saving and
efficient [9, 25, 32, 47, 52, 68, 69, 75, 76], immediate feed-
back [11, 47, 68], self-paced learning [9, 11, 25, 47, 53, 57,
70, 76], flexibility [50, 70, 72, 75], ease of participation
despite location and time limitations [26, 32, 50, 52, 53,
57, 63, 72], ease of participation [30, 35, 51-53, 57, 68],
and repeated learning [53].

In addition, the following description of the benefits
of the onboard features was provided: the simulation of
interactive materials allows for a proxy experience on
the screen. The proxy experience enhances self-efficacy,
provides motivation, and leads to continued motiva-
tion to learn [29]. No one dropped out because the
interactive materials kept them engaged [29]; the vari-
ety of interactive, multimedia, and hands-on elements
helped maintain the nurses’ curiosity and interest [43];
fun quiz formats could be used [26]; and innovative and
interactive features retained the participants’ interest
[35]. Regarding motivation, the authors stated that add-
ing incentives increased extrinsic motivation [11], and
the connection of learning content to clinical experi-
ence increased intrinsic motivation [71]. Creating an
active learning experience that promotes a sense of

accomplishment among learners to increase motivation
is necessary [30].

Issues related to asynchronous e-learning

The challenges related to asynchronous e-learning were
as follows: the need for communication between learners
and educators [57, 58]; lack of real-time feedback [71];
the influence of module and evaluation design on learn-
ing effectiveness [58]; possible failure to complete the
entire module by some participants [58]; lack of time to
study lengthy content [26, 51, 62]; lack of computer skills
[33, 37, 51]; internet connection problems [9, 33]; lack
of follow-up to prevent dropping out [56]; and lack of
incentives to stay motivated [26]. Consequently, the need
to provide opportunities to observe actual situations [71]
has been highlighted, as asynchronous e-learning was
considered insufficient for improving confidence [47] and
practical skills [22, 71].

The onboard features in gamification present some
risks; for instance, in situations involving differences or
discontinuities in spatial position and timing of move-
ments between practice with web-based game scenar-
ios and real-life scenarios, game users might negatively
modify their performance, and an inappropriate transfer
of skills may occur. Moreover, a negative transfer may
occur when game users find that the skills they see in the
game differ from those needed in real life [67]. It was also
stated that research designs to measure the educational
effectiveness of e-learning are insufficient because there
is a lack of good-quality RCTs to compare the effects of
purely digital education [12]. In particular, few studies
have measured outcomes on the impact of gamification,
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and those that have identified educational or clinical out-
comes have low power and little clear evidence [67].

Discussion

Interactive modules and videos are the most frequently
used enabling technologies under TEET. In contrast to
face-to-face learning or synchronous e-learning, asyn-
chronous e-learning lacks the feeling of being taught
directly in real-time. As learners can engage with
e-learning modules at their own pace, this may affect
their motivation levels. Cheng [79] explored the rela-
tionship between intrinsic and extrinsic motivation
in nurses’ e-learning. Interaction was one of the most
essential factors in the e-learning environment. Based
on the Technology Acceptance Model and flow theory,

m Australia

three types of interaction factors (i.e., learner-system
interaction, instructor-learner interaction, and learner-
learner interaction) that lead to nurses’ acceptance of
e-learning systems were studied. The results revealed
that instructor—learner interaction was the most crucial
antecedent factor impacting nurses’ extrinsic motivation.
Notably, learner-learner interaction greatly influences
nurses’ intrinsic motivation, suggesting it can promote
their learning persistence [79].

The guiding framework for developing asynchronous
e-learning modules for healthcare professionals by Sin-
clair et al. (2017) [80] provides 10 guidelines for creat-
ing engaging and effective asynchronous e-learning
programes. It states that because many purported e-learn-
ing programs have limited interactivity, developing and



Page 15 of 29

Bujuies|-s Jo
$2W02IN0
|eJolneyaq ayy
SS3SSE 0} Patep
-I|eA pue pado
-[9A3P 99 01 Spasu
S12NJISUOD [POND)
-094) PUNOS Uo
paseq a|eds
9AI1D3(G0 Jayjoue
'S3eds JuaWaIN
-seall 9A1123(q0
puisn abueyd
J101ARYDq] 4O
Bujulesl-a snou
-0JyduAse Jo
SS9UDANDRYD SY1
2UIWIIP 0}

Jolneyaq [euols
-sajoid a1ed Yyjeay
Buiroidwi uy jje e
uondNJISUl OU 01
Jopadns pue
‘sayoeoidde Bujules)
[euonipel) se oAl
-D3J3 SP 15B3) 1B SeM

:505

(2023) 23

Kimura et al. BMC Medical Education

papaau S| Buiuies|-sleyl  (sswo2No [L¥] (9107)
youeasal Jayung  1s966ns synsal oy | uaned)) 1 ‘e 12 JIepuIS
ABojouyday
Buiuiea|-a 0}
palejai spasu duewsopad
pue sanss| sbuipuy Jofepy sidYI0 suondadiag 2dUapyYuo) uoinoejsies apnmmy /ioineyag fouaadwo) BN abpajmouy
9A1123)J9 SeM Jey] SwodnQ Joyiny
[el]
(0z02) e 1R
1 1 1 1 1 1 obuauiepy
6]
(6100) 1012
1 1 nesjnoy
(L] (9100)
1 1 1 e 33 Jiepuls
(321923
|eubip

(squIgam Ayjeas (wo1sAs ‘auoyd s9|npow (pajeipaw

buluiea]  ‘sseqelep lenyain/ juswabeuepy 1lews) wnJoy aANdRIBUY/ 1PWIR|

paseq ‘6'9)ssedde  UONEINWIS JUI0dIdMOd Bujuiea) 9IASP  UoISSNISIp Jeuigapm s|npow jul0d49mod J0N)

uonedyiwen -0lieuads 2ounosay  Jaandwo)  paueseN S SlIqo auluo /SDO0OW SHUIIgdIM auluo 03pIA /s9pIIS anda

ABojouyda) Hupueyuz ABojouyda] Buijqeuy
yoeouddy [ed160jouyda) Joyiny

(|92%3) smalaal ayy Jo uondudsaq € ajgeL



Page 16 of 29

505

(2023) 23

Kimura et al. BMC Medical Education

pajesodiodul

3q p|nod Ajeal
pajyuawbne Huisn
Buiuresy s||ys Jusw
-abeuew punom
|eonoeid pue
‘Aiijeal [enuin
‘uoneNWIS [enuIA
‘S|dwexs 10y
‘lenuasss sl san
-llepou 12410 pue
Bujuiea| ae}-01
-90) [eUONIpeI) 0)
uoneonps [eubip

S||1%S JO SWIIS) Ul 9AIL
-D9)J9 se 15e3| 1B pue
2bpajmouy jo

SUullal Ul uonesnpa
[e1b1p ueyl aAdIYD
2I0W 3q 01 sieadde
JusWabeURW PUNOM
21UOJYD UO Uoned
-npa papua|g ‘obpa
-|MOUS JO SWID) Ul
uonuaAIa1ul OU ueyl
EINMBETIEREN eIV

90 01 sleadde

sasedwod 1eyy Juswabeuew (150D
ubisap yoieasal PUNOM DJUOIYD UO  /SBUIODINO [211(0202) e 1@
Ajenb-ybiy v uoneonpa [eubiqg uaned)] 1 1 1 1 1 obuauiepy
sabua|
-|eyd se awi} pue
‘uonebiAeu ‘ssadde
payiuspl sasinu
"G SUO U] JeWlIo}
908J-01-908) I0OJ
2oualajaud e pue
‘9bueydxa UoneWw
-JOJul MOS 'AJeId)|
19Ula1Ul pue
Es[SEIIEl)E]
J91ndwiod Jo abpajmouy
328 ‘SanNdYIp panoidwi pue
[BOIUYD3] ;SUOSEea) Buluieal-a jo
Buimol|oy ay1 Aq 95N Y1 Yum pay
paule|dxa sem -SI1S 2J9M SISINU
SuUonUaAIIUI Bul ‘9| dwiexe 104
-uleal-a yum uon  ApAnIsod pariodal [6] (6107)
-DBJSI1eSSIP 9SINN 2IIM S} NS ISON 1 1 1 ‘e 19 Neajnoy
ABojouyday
Buiuiea|-a 0}
palejai spasu duewsoyad
pue sanss| sbuipuy Jofepyy sIdYO suondadiag 2dUapyYuo) uolnoejsies apmmy /101AeYydg fouaadwo) SIS abpajmouy|
AA11I9YYd SeM Jey) dWodINQ Joyiny

(PanuNUOd) € 3jqey



Page 17 of 29

(2023) 23:505

Kimura et al. BMC Medical Education

¥l (5L02)

\_ \_ \_ ‘_m 19 Ol1e}

[e€]

(5107)e3e

1 1 uosuyor

[Lel
(5107) 210
1 1 1 1 Asueleg

[0€]
(S5100) e 32
1 1 1 auben ag

(621 (#102)

1 1 BMBIUSOA

(82l

(¥102) e 19

1 1 1 MOIDDWN

(£ (¥100)

1 1 1 nyd pue ni

(97 (¥100)

ulys pue

1 1 1 i
(sl

(¥100) 1232

1 Inodiy

izd|

(€107) 121
uopion

[edd
(¢107) eads

[cdl (2102)
AERENHIEIS

Lzl (1100
uosiuua(

S . U |
S . U |

(3319e3

[enbip

Ayjeal (wsAs ‘auoyd
|enuin/ Jswabeuepy Mews)
uonejnwIs  UI0dIaMOd bujuies) ERIVET )
indwo)y  paueueN S SJIqoN

sa|npow (pa3elpaw

wnioy aAdRIdY/ FENIES ]|
uoIssndSIp  Jeulgapm s|npow JuI0d49MOd J0N) f1dnep  Buruies)
sulluo  /SDOOW  S)uligdM auluo O3pIA /S9PIIS dAg duluoaind  papud|g

ABojouyda] Hupueyuz

ABojouyda) buijqeuy

yoeouddy |ed16ojouydap K13an113@ Jo spon Joyiny

(199x3) sawodIN0 pue ‘yoeoidde [eDI6O|OUYDD] ‘AISAIIDP JO dPOW APN1S ay1 Jo suondudsaq ¥ ajqeL



Page 18 of 29

(2023) 23:505

Kimura et al. BMC Medical Education

1

[/¥] (£100)
e uys
(o]

(£107) 1r1R
[93Y2IN
[S¥]

(£107) 1210
Bujuuuepy

(el (S100)
e 19 nsH

] (£1020)
‘|e 12 buoy

[ev] (£100)

‘B 19 12A0|D

[ev) (£102)
‘le 19 puog

[ov] (9102)
‘_m 1o euleg

[6€1(9100)
obaud

(8] (9100)
Jled)y pue
njboInO

(/€]
(9107) 210
ualbbiag

[9€] (5100
232 090D
-eiqeles
(g€l

(5L07) 210
Aydiniy

Ayjeal

|lenuin/
uoneNWIS  JUI04J9MOd
19ndwo) pauieseN

(w3sAs
Juswabeuepy
Bujuiea)
SW1

(3319e3
[eubip
‘auoyd
Jews)
ETET)
d|lqon

wn.ioy
uolissnasip
auluo

Jeuigapm
/SODOOW

SuIgaM

sa|npow
aAnDRIB|/
3|npow
auluo

(p3eIpaw

FENTES T

1u10d49MOd 10N)

O3pIA /S9PIIS ana

Asnpp  Buluies)
aujuoaind papud|g

ABojouyda] Hupueyuz

ABojouyda) buijqeuy

yoeoiddy jedibojouyda

K1an113q Jo spo

Joyny

(panunuod) ¢ ajqey



Page 19 of 29

(2023) 23:505

Kimura et al. BMC Medical Education

[89]

(6107) 121

1 DSULIY2S
[£9]

(61070) e 39

\_ 1oXaulT
[99]

(6100) e 12

1 oxauey
(sl

(6100) e 319

1 S

(7S] (6100)

1 e IRgY

[LL](8L00)

1 e19 I3u0
[€s]

(8107) e 39

1 YUpass
[¢s]

(8107) e 1

1 uewpoon
(18] (£102)

\_ ‘|e 19 USUQIA

[05]

(£107) 219

1 SWel||IM
(6¥]

(£107) 1r1R

1 nespni|.
[8¥] (£100)

1 eRyuws

(3219=3

[eubip
Ayjeal (w3sAs ‘auoyd sa|npow
|enyain/ jJuawabeuely Jews) winJoy aAnDeIA|/
uope|NWIS  JUI0dIdaMOd Bujuies) ISP  UOISSNISIP  JRUIgSM 3|npow
1andwo)  payeseN SW1 S|IqoN auluo  /SDOOW  syuligaMm auljuo

(p3eIpaWw

FENTES T

1u10d49MOd 10N)

O3pIA /S3PIIS ana

Asnpp  Buluies)
aujuoaind papud|g

ABojouyda] Hupueyuz

ABojouyda) buijqeuy

yoeoiddy jedibojouyda

K1an1jaq Jo spow Joyiny

(panunuod) ¢ ajqey



Page 20 of 29

(2023) 23:505

Kimura et al. BMC Medical Education

(L]
1 (12020) ®10

(0]
(1200) 210
7 olownsiep

(691 (1202)

1 IA pUe W
[89]

(0z07) e 12

1 BPIYSOA

[£91 (0202)

1 1019 094

[99]

(020?) e 10

1 Koyys

[S9] (0207)

buemy pue

1 uny
[¥9] (0200)

1 1eloiny

(€91 (0200)
1 eWIRAOS)|

[¢9] (0200)
2alquig pue

1 pIeMOH

(19

(0z0?) e 3o

1 1yonbLoH
[09] (0202)

1 ‘e 19 AoAeH

[65]
(0z0?) e 1o
1 1D22e|0D

Ayjeal

|lenuin/
uoneNWIS  JUI04J9MOd
19ndwo) pauieseN

(w3sAs
Juswabeuepy
Bujuiea)
SW1

(3319e3
[eubip
‘auoyd
Jews)
ETET)
d|lqon

wn.ioy
uolissnasip
auluo

Jeuigapm
/SODOOW

sa|npow
aAnDRIB|/

3|npow

S{uIgEIM auluo

(p3eIpaw

FENTES T

1u10d49MOd 10N)

O3pIA /S9PIIS ana

Asnpp  Buluies)
aujuoaind papud|g

ABojouyda] Hupueyuz

ABojouyda) buijqeuy

yoeoiddy jedibojouyda

K1an113q Jo spo Joyiny

(panunuod) ¢ ajqey



Page 21 of 29

(2023) 23:505

Kimura et al. BMC Medical Education

(Koed13 J95)1

. N (. (. |

(57l (#102)
‘le 12 Jnodiy

[¥2] (€107)

71 ‘le1s uoplion
(€7l

(¢107) eads

[¢el (2102)
ACREIEIS

(1] (1100)
uosiuuaQ

s1dY}0 suondadiad

aduapyuo)

uonoeysies

apnimy

>uewuopiad
/lolneyag  Kouazadwod SIS dbpajmouy  uonedylwen

(squngem

Bujuiea)| ‘aseqejep
paseq “b3) ssedde
-oleUdDS 921n0say

ABojouyda] Hupueyuz

SAI1D344d SeM JeY) SWOdINQ

Joyny

(/] (€200)
\_ ._m 19 SOg

[9/] (zzoo)
1 ‘e 18 INzng
[s/]

(czo0) 210
1 SIRIVENEN]

[v/](zz00)
1 ‘e 19 bueq

(/] (zzoo)
1 ‘|8 13 UA|]9AT

(/]
(1207) 11w
1 SWIBI[IM

Ayjeal

|lenuin/
uoneNWIS  JUI0dJ9MOd
19ndwo) pauieneN

(w3sAs
jJuswabeuepy
Bujuiea)
SW1

(3319e3
[eubip
‘auoyd
Jews)
ERTET)
d|iqon

wn.ioy
uolissnasip
auluo

Jeuigapm
/SOO0W

sa|npow (pare1paW

aAndRIB|/ FETDENT]]

3|npow 1u10d49MOd 10N)

S{uIgIM aujuo  03pIA LT ana

Asnpp  Buluies)
aujuoaind papud|g

ABojouyda] Hupueyuz

ABojouyda) buijqeuy

yoeoiddy jedibojouyda

K1an1jaq Jo spow Joyiny

(panunuod) ¢ ajqey



Page 22 of 29

(2023) 23:505

Kimura et al. BMC Medical Education

(1503)1]

(s49n16218D
13U10 Yim
Uo11eI0ge||02)/]

(uonajdwod)”

[0¥] (9100)
‘012 eules

[6€1 (9100
obalig

(8€1(9100)
Jed)y pue
niboINo

(/€]
(9107) 210
uaibbiag

[9¢]

(5107) 1w
0qoD-eIgeles
[s€] (5L0D)

71 e Aydinpy
[v€] (510D

‘e 19 01eY

[e€]

(5100) 10

1 uosuyor

(1€l (s100)

1 e 12 AauejRQ

[o€]
(5L07) 210
aubeo) a(

[62] (710D)
BMBYIYSOA

(8

(r102) 1r1

1 MOIDDWN
(/7] w10D)

nyo puenr

[97] (¥10D)

71 UlysS pue wiy

s1dY10

fousradwod SIS  abpajmouy

uonesyjwen

(sHqungem

Bujuies)| ‘aseqejep
paseq “b'3) ssedde
-oleUddS 921n0say

ABojouyda] Hupueyuz

9A11d9))9 sem Jey) swodiInQ

Joyny

(panunuod) ¢ ajqey



Page 23 of 29

(2023) 23:505

(QuawJamodwa [¥Sl (6102)
[en1oNAs)/] 1 ‘219 |29V
[L1](8L00)

1 1 1 1 IEREN(IETe)

(€Sl

(8100) e 10

1 1 1 1 1 YupUsN

[cq]

(810¢) e 19
UBWIPOOD)

(18] (£102)
1 ‘e 12 USUQ|A

[05] (£102)
1 e 13 SWelfjim

(671 (£102)

‘|e 12 nespnu|
(871 (£102)

1 JEREXCHN

(L7 (£102)

1 e12 uys

[o¥] (£102)

1 819 [93YdIN

197

(£107) 210

1 1 1 1 puluuuepy

(el (S100)

1 1 1 ‘819 NsH

(¥ (£100)

1 1 1 ‘e 12 buoy
[e¥] (£102)

1 1 1 [P 12 JaA0|D

[er] (£102)

\_ \_ \_ \_ ‘e 1o puog

P N .

(sHqungem

Bujuies)| ‘aseqejep

>uewuoyiad paseq “bH'd) ssadde

Si9YylQ suondadidd  9dUSPYUO)  uondeYSIIES  BPNUNY /ioineyag  Aouaredwod S|ID)S @bpajmouy  uonedylwenH -oleudS 921n0say

ABojouyda] Hupueyuz

9A11d9))9 sem Jey) swodiInQ Joyiny

Kimura et al. BMC Medical Education

(panunuod) ¢ ajqey



Page 24 of 29

(2023) 23:505

Kimura et al. BMC Medical Education

(buidod
[eUOnOW?)
(Hoywod
/Aqeden)]

[89] (0202)
‘I 19 BPIYSOA

[£9] (0Z07)
.,m 10 O\

[99] (0200)
‘e 12 Aloyoys

[59] (0207)
buemH pue

uniy

[¥9] (0200)
1ye104ny

[€9] (0Z0T)
euleAos|

[¢9] (020T)
23Iquig pue

1 PIeMOH

[19]
(0207) e 3o
1yonbLoH

[09] (0z02)
1 |e19 Aanle

[65]

(0z07) e 3e

1 1 1>30ej0D
[8¢]

(6107) 121

BsUIIydS

[£5] (6100)

‘le 19 Jayaul]

[95] (6100)
{EREIOENEN

[sS](6L00)
(EREE T}

s1dY10

suondadiad

aduapyuo)

uonoeysies

apniny

>uewuoyiad
/ioineyag

fousradwod SIS  abpajmouy

uonesyjwen

(Squigam
‘aseqelep
“B3) ssadde
321n0say

Bujuies)|

paseq
-oLIeUDS

ABojouyda] Hupueyuz

9A11d9))9 sem Jey) swodiInQ

Joyny

(panunuod) ¢ ajqey



Page 25 of 29

(2023) 23:505

Kimura et al. BMC Medical Education

(Koedu43 y125)7] 1

(SowodIN0
uaied))

(ssauateme)|

(/] (€200)
._m 19 509

(941 (zzoo)
1 |e 12 1yNZNS
(/]

(czo0) 210
IRIENEN]

[v/] (Tzo0)
‘|e 13 bue4

[€/] (zzoo)
HERERVISEY

[¢£1(1202)
e 19 swelfji

(1]
(1207) B0
[0/]

(1z07) 219
olownsiep

[69] (1202)
IA pUe Wi

siayl0 suondadiad

fousradwod s|Ins  abpamouy

uonesyjwen

(squngem

Bujuiea) ‘aseqejep
paseq “B°3) ssadde
-oLIeUDS 934nosay

ABojouyds] bupueyuz

DAIII2YD SEM R} SWO0dINQO

Joyny

(panunuod) ¢ ajqel



Kimura et al. BMC Medical Education (2023) 23:505

delivering engaging and pedagogically sound e-learning
programs must be based on evidence-based instructional
design principles. Interactive elements are required
to provide learning guidance, content, and feedback
[80]. Therefore, considering the three types of interac-
tions (learner—system, instructor—learner, and learner—
learner), using interactivity at the necessary stages can
help maintain learners’ motivation.

Video module was the most frequently used ena-
bling technology among the TEET options. Videos and
other images can promote a person-centered approach
in health professional education and motivate learners
by using text, videos, and audio files to introduce them
to the “person” under their care. This indicates that by
relating to the patient or person who needs nursing care,
learners experience a sense of connection and are moti-
vated despite the individualistic asynchronous e-learning
method. This method would help learners view their
learning as a meaningful engagement with real people
[32, 80]. Personal stories are powerful and effective meth-
ods for adult learners to retain information [81]. Videos
are an effective means of learning because they provide a
realistic sense of a particular place or scenario.

Regarding technological enhancement, there was no sig-
nificant increase in innovations aimed at enhancing internal
motivation, but scenario-based learning and gamification
are likely to develop further [82]. Innovative e-learning is
also being developed to integrate technologies such as vir-
tual reality, virtual patient simulation, and virtual hands-on
training to provide activities beyond the linear presentation
of information in an e-learning format [1, 12]. These novel
e-learning programs are expected to be adopted in clinical
education and e-learning in future nursing studies. Using
such innovative e-learning methods is expected to benefit
knowledge acquisition and the ability of learners to connect
what is learned with clinical practice, behavioral change,
clinical judgment, and clinical reasoning levels.

The results of the present scoping review also revealed
that, in recent years, many studies using video technol-
ogy and simulation had evaluated skills as outcomes.
In the past, the educational effects of e-learning on the
continuing professional development of health personnel
had focused mainly on learner satisfaction and knowl-
edge acquisition, as the impact on practical behavior
change has been considered difficult to assess [80]. There
is limited research on evaluating more advanced aspects
of education, such as behavioral change and the applica-
tion of learning in clinical practice [80]. Therefore, there
is a need for evaluation metrics or indicators aimed at
behavioral change and skill development from innovative
e-learning modules [83].
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In addition, e-learning and evaluation metrics for
TEET options and delivery methods should consider
factors that facilitate and inhibit e-learning. Regmi and
Jones [10] conducted a systematic review to identify and
integrate the facilitating and inhibiting factors influenc-
ing e-learning in health sciences education. Their con-
ceptual framework included three broad factors: “design
and delivery] “learning outcomes, and “policy context”
[10]. Because the authors found a clear link between
the delivery mechanism of e-learning and the potential
learning outcomes, developing asynchronous e-learning
modules in light of these three factors can help increase
external motivation among nurses.

Our scoping review had some limitations. The TEET
modules used for e-learning were not standardized, so we
judged based on the text descriptions, which may have
caused a selection bias. We may also have missed some
functions not detailed in the text. As gray literature was
not searched, it is possible that some studies were missed.
To grasp a wide range of data on asynchronous e-learn-
ing in this scoping review, we included pure online and
blended learning. While we extracted content related to
asynchronous e-learning in terms of benefits and chal-
lenges, the results were likely influenced by the effect of
blended learning.

Considering that limiting the scope of this study to
nurses would eliminate a wide range of asynchronous
e-learning methods, we also expanded the scope to
health personnel. However, nurses accounted for a large
proportion of the health personnel. As more and more
research on asynchronous e-learning is expected to be
conducted in the future, subsequent reviews may focus
on only nurses to determine the results of the review
strategy.

Conclusions

Using data from the 60 articles on asynchronous e-learn-
ing, we categorized the technological approaches,
modes of delivery, and outcomes. The most commonly
used TEET options were interactive online modules
and videos. The popularity of other advanced TEET
options, such as computer simulations and gamifica-
tion, is expected to increase in the future. Furthermore,
outcome measures need to be continuously developed,
considering that e-learning continues to evolve. Three
types of interactions, namely, learner—system, instruc-
tor-learner, and learner—learner, are important for
asynchronous e-learning. Therefore, using interactive
features at necessary stages can help promote motiva-
tion among the learners.
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