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Abstract

Background: Nursing care for patients with delirium is very complex and stressful and is associated with considerable

care strain for nurses. Delirium recognition is the first step to the prevention and management of delirium and reduction

of strain of care. Education is one of the strategies for improving nurses’ delirium recognition ability.

Objectives: This study aimed to evaluate the effects of interactive E-learning on delirium recognition ability and delirium-

related strain of care among critical care nurses.

Methods: This quasi-experimental study was conducted in 2019 using a two-group pretest-posttest design. Participants

were 98 critical care nurses recruited through a census from two hospitals in Iran. They were non-randomly allocated to

an intervention and a control group. Study intervention was an interactive E-learning program with four parts on

delirium, its prevention, its treatment, and its diagnostic and screening procedures. The program was uploaded on a

website and its link was provided to participants in the intervention group. Before and two months after the interven-

tion, data were collected using the Strain of Care for Delirium Index and five case vignettes. For data analysis, the

Chi-square, Fisher’s exact, independent-sample t, and paired-sample t tests were performed usingthe SPSS software

(v. 16.0).

Findings: Groups did not significantly differ from each other regarding the pretest mean scores of delirium recognition

ability and strain of care. After the intervention, the mean score of delirium recognition ability in the intervention group

was significantly greater and the mean score of strain of care was significantly lower than the control group (P< 0.05).

Conclusion: Interactive E-learning is effective in significantly improving critical care nurses’ delirium recognition ability and

reducing their strain of care. As nurses’ heavy workload and limited free time are among the main barriers to their

participation in face-to-face educational programs, interactive E-learning can be used for in-service education.
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Introduction

Delirium refers to altered consciousness and cognition

with an acute onset and a fluctuating course.1 Its prev-

alence in intensive care units (ICU) varies from 4% to

89%.2,3 Delirium is specifically prevalent among

patients under mechanical ventilation so that more

than 80% of these patients experience delirium.1,4,5

A study reported that delirium increased the length

of hospital stay by 3.45 so that the length of hospital

stay among patients with and without delirium was

eleven and seven days, respectively. Moreover, delir-

ium increased the risk of death by 2.43 times.6

Nurses have critical role in care delivery to patients

with delirium.7,8 However, care delivery to patients

with delirium is difficult, burdensome, and frustrating

for nurses,9 significantly increases their workload, and

hence, causes them severe stress, frustration,7 fatigue,
and bewilderment.10 Studies show that nurses who
provide care to patients with delirium experience
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moderate to high levels of stress.11–13 The challenging
behaviors of patients with delirium also cause nurses
distress and anxiety.14 Moreover, fulfilling the unique
needs of these patients’ and managing their problems
face nurses with high levels of physical and mental
stress, reduce their ability to recognize delirium,10

and impose considerable strain of care on them.
Delirium recognition is the most important step to

effective delirium management.14 However, despite
recent advances in the area of critical care, delirium
is still under-recognized.15,16 Most nurses have limited
delirium recognition ability and cannot recognize
many cases of delirium.17 Studies reported that
nurses cannot accurately recognize delirium in 75%
of cases.18 A study showed that delirium recognition
rate by healthcare providers in Iran was 13%.19 Lack
of knowledge about delirium and its screening
methods is one of the factors contributing to its
under-recognition20,21 and poor management.22

A study in Iran reported that only 24.6% of nurses
had adequate knowledge about delirium.19 Two stud-
ies also reported that most healthcare providers had
limited knowledge and skills for recognizing and
managing delirium and highlighted that such lack of
knowledge and skills can negatively affect patient out-
come and nursing practice and increase nurses’ work-
load.2,23 Therefore, appropriate interventions are
needed to improve delirium recognition knowledge
and skills among healthcare providers, particularly
ICU nurses.

Education is a potentially effective strategy for
improving nurses’ delirium-related knowledge and
their ability to recognize and manage delirium.7,14

Delirium-related educational programs for nurses
improve delirium management and reduce nurses’
strain of care.14 However, most nurses cannot
attend these programs due to their busy work sched-
ule, limited managerial and organizational support,
and long distance between their workplace and
place of education.24 Accordingly, using electronic
and portable educational strategies such as E-learning
can overcome these barriers to education and satisfy
learners’ different preferences and needs.25

E-learning refers to different electronic technolo-
gies for education including web-based learning and
mobile-based learning.26 It can be an appropriate
strategy for increasing learners’ access to educational
materials without any time- and place-related limita-
tion and hence, can reduce education-related costs
and help professionals effectively balance their
professional and personal needs.27 E-learning can
provide nurses with the opportunity to access the
latest professional data.28

Background

Interactive E-learning can increase healthcare pro-
viders’ professional skills.2 Former studies reported
that E-learning was effective in significantly

enhancing nurses’ knowledge about medication
administration and calculation,29 rare diseases,30

and palliative care,31 developing their self-confidence
for stress reduction in their relationships with
patients,32 and improving their professional
skills.27,33 A study also showed that E-learning signif-
icantly improved nurses’ delirium recognition abili-
ty.28 However, some studies showed that E-learning
did not significantly improve nurses’ delirium recog-
nition ability and did not significantly reduce their
strain of care.2,23 A systematic review also showed
no significant difference between the effects of E-
learning and traditional teaching methods on nursing
students’ and nurses’ knowledge, skills, and satisfac-
tion. That study highlighted that the reviewed studies
had different methodological limitations and hence,
recommended further studies for evaluating the
effects of E-learning.34 Another review study on 52
studies published from 2007 to 2017 concluded that
E-learning had positive effects and noted that due to
the methodological limitations of the reviewed studies
and the low validity and reliability of their outcome
measures, further studies in different contexts would
be needed.35 On the other hand, most studies into the
effects of E-learning were conducted in the area of
medical education and in high-income countries35

and hence, their results are not easily generalizable
to low- and moderate-income countries.36 The present
study was conducted to address these gaps. The aim
of the study was to evaluate the effects of interactive
E-learning on delirium recognition ability and
delirium-related strain of care among critical care
nurses.

Methods

This quasi-experimental study was conducted in 2019
using a two-group pretest-posttest design.

Participants

Participants were 98 critical care nurses recruited to
the study from four ICUs of two hospitals affiliated
to Lorestan University of Medical Sciences,
Khorramabad, Iran. Inclusion criteria were an ICU
work experience of more than six months and the
ability of working with computer. In order to mini-
mize between-group information leakage, all nurses
from one hospital were allocated to control group
and all nurses from the other hospital were allocated
to intervention group. Allocation was done through a
draw lot. Blinding was not possible due to the char-
acteristics of the study intervention.

Sample size was determined with a confidence level
of 0.95, a power of 0.80, and the assumption that the
mean score of strain of care in the intervention group
should be at least 5 point greater than the control
group to be considered statistically significant.
As the total score of strain of care is 20–80 and its
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median is 50,7 an effect size of 10% of the median
(i.e., 5) was considered for sample size calculation.
Accordingly, sample size per group was calculated
to be 43. As 49 critical care nurses were working in
each hospital of the study setting, all of them were
recruited to the study through a census. Strain of
care was used for sample size calculation due to
its wider score range compared with delirium recog-
nition ability.

Data collection

Data were collected using the Strain of Care for
Delirium Index and five case vignettes. The Strain
of Care for Delirium Index was used for assessing
delirium-related strain of care among nurses.
Introduced by Milisen and colleagues in 2004, this
index has four subscales related to patients’ behavior-
al characteristics. These subscales are hypoactive
behavior (three items), hypoalert behavior (four
items), fluctuating course and psychoneurotic behav-
ior (five items), and hyperactive/hyperalert behavior
(eight items). These items assess the strain nurses
experience while dealing with patients at any of the
abovementioned status. Each item is scored on a four-
point scale as follows: “Quite easy”: 1; “Easy”: 2;
“Difficult”: 3; and “Quite difficult”: 4. The possible
total score of the index is 20–80 and higher scores
show greater strain of care.7 Participants of the pre-
sent study completed this index before and after the
study intervention. The developers of the index
reported that its Cronbach’s alpha was 0.88. In the
present study, twenty nurses twice completed the
index with a one-week interval. Cronbach’s alpha
and test-retest correlation coefficient were 0.793 and
0.783, respectively. These results indicated high inter-
nal consistency and reliability of the questionnaire.

An instrument with five case vignettes for delirium
was used for assessing nurses’ delirium recognition
ability. Introduced in 2007, this instrument has five
case vignettes for patients with dementia, hyperactive
delirium, hypoactive delirium, hyperactive delirium
superimposed on dementia, and hypoactive delirium
superimposed on dementia. Each vignette contains
complete information about the history and the
symptoms of a patient followed by a question about
the patient’s mental status and delirium type. Four
case vignettes were used at pretest which were related
to dementia, hyperactive delirium, hypoactive deliri-
um, and hyperactive delirium superimposed on
dementia. At the posttest, the hyperactive delirium
superimposed on dementia was replaced with the
hypoactive delirium superimposed on dementia. The
possible answers to each case vignette are:
“Dementia”, “Delirium”, “Delirium superimposed
on dementia”, “Normal aging”, “Depression”, and
“None”. Respondents recognize patient’s problem
by selecting only one response. Accurate response is
scored 1 and wrong response is scored zero.

Therefore, the possible total score of this instrument

is 0–4 and higher scores show greater delirium recog-

nition ability.37 For delirium recognition ability

assessment in the present study, participants complet-

ed this instrument before and two months after the

intervention onset. A former study reported that the

Kappa coefficient of this instrument was 0.69. For

reliability assessment, this instrument was twice com-

pleted by twenty nurses and then, Kuder-Richardson

21 coefficient for internal consistency and test-retest

correlation coefficient for stability were calculated to

be 0.78 and 0.877, respectively. These twenty nurses

were not included in the final analysis. These results

indicated high internal consistency and reliability of

the instrument.

Intervention

Study intervention was an interactive E-learning pro-

gram developed using relevant clinical guidelines and

articles and prepared using the Storyline software (v.

3.0). The E-learning program consisted of four main

parts, namely a sixteen-minute part on delirium, its

definition, characteristics, and types, a twenty-minute

part on the prevention and the risk factors of deliri-

um, a twenty-minute part on delirium treatment, and

a 22-minute part on delirium diagnostic and screening

procedures. The program included texts, pictures,

sound clips, and items for evaluation. After watching

and reading the content of the program, participants

in the intervention group answered the items of each

part and then, they were provided with necessary

feedback. They had the opportunity to repeat the

test. The content validity of the E-learning program

was assessed by a panel of experts consisted of nurs-

ing faculty members and critical care specialists. As

participants were not familiar with interactive

E-learning, a thirty-minute face-to-face educational

session was held for those in the intervention group

before the intervention in order to instruct them how

to use the interactive E-learning program. Then, the

E-learning program was uploaded on the website of

one of the hospitals of the study setting and its link

was provided to participants in the intervention

group. They could access the program for two

months. Every two weeks during the study interven-

tion, a message was sent to participants in the inter-

vention group through the WhatsApp mobile

application to remind and motivate them for using

the program. Participants in the control group

received routine educations during the study and the

E-learning program after the study. All participants

were awarded a certificate of participation in the

delirium recognition E-learning program. Posttest

assessments of strain of care and delirium recognition

ability were performed two months after the interven-

tion onset.
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Data analysis

The SPSS software (v. 16.0) was used for data analysis.

Between-group comparisons respecting categorical and

numerical variables were made through the Chi-square

(or the Fisher’s exact) and the independent-sample

t tests, respectively. Within-group comparisons were

made through the paired-sample t test. The level of

significance was set at less than 0.05.

Ethical considerations

The Ethics Committee of Iran University of Medical

Sciences, Tehran, Iran, approved this study (code: IR.

IUMS.REC.1397.760). Necessary permissions for the

study were also obtained from the Research and

Technology Administration of Lorestan University

of Medical Sciences, Khorramabad, Iran. We provid-

ed participants with clear explanations about the

study aim and methods and asked them to complete

the written informed consent form of the study.

Findings

Six participants from the intervention and four

from the control group were excluded because

they changed their workplace during the study.

Finally, data obtained from 88 nurses were analyzed

(Figure 1). There were no statistically significant dif-

ferences between the groups respecting participants’

demographic characteristics (Table 1).
The pretest mean score of delirium recognition

ability in the intervention and the control groups

was respectively 1.86� 1.21 and 1.53� 0.81 and the

between-group difference was not significant

(P¼ 0.142). After the intervention, the mean score

of delirium recognition ability was 2.95� 1.04 in the
intervention group and 1.88� 0.91 in the control
group and the between-group difference was signifi-
cant (P< 0.001). The mean score of delirium recogni-
tion ability in the intervention group significantly
increased after the intervention (P< 0.001), while
the mean score of delirium recognition ability in the
control group did not significantly change (P¼ 0.055).
Moreover, the amount of pretest-posttest change in
the mean score of delirium recognition ability in the
intervention group was significantly greater than the
control group (P¼ 0.02). The effect size of the study
intervention respecting delirium recognition ability
was 1.09 (95% confidence interval: 0.64 to 1.54;
Table 2), denoting the significant effects of the study
intervention on nurses’ delirium recognition ability.

The pretest mean score of strain of care was 58.0�
9.22 in the intervention group and 55.02� 9.77 in the
control group and the between-group difference was
not significant (P¼ 0.146). After the intervention,
these values changed to 52.0� 10.91 and 58.97�
8.28, respectively. The posttest mean scores of strain
of care and all its subscales in the intervention group
were significantly less than the control group
(P< 0.05). Within-group comparisons showed that
except for the mean score of the hyperactive/hyper-
alert behavior subscale (P> 0.05), the mean scores of
strain of care and all its other subscales significantly
increased in the control group and significantly
decreased in the intervention group (P¼ 0.05). The
amount of pretest-posttest change in the mean
scores of strain of care and all its subscales in the
intervention group was significantly greater than
the control group (P¼ 0.02). The effect size of
the study intervention regarding strain of care was

Enrolment Assessed for eligibility (n = 98)

Excluded (n = 0)
• Not meeting inclusion criteria 

(n = 0)

Randomized (n = 98)

Alloca�on Allocated to control group (n = 49)
o Received allocated intervention (n 

= 49)

Allocated to E-learning group (n = 49)
o Received allocated intervention (n = 49)

Follow-UpLost to follow-up (n = 6) due to 
changing their workplace

Lost to follow-up (n = 4) 
due to changing their workplace

Analyzed (n = 43)
Excluded from analysis (n = 0)

Analysis Analyzed (n = 45)
Excluded from analysis (n = 0)

Figure 1. The flow diagram of the study.
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–3.67 (95% confidence interval: –4.36 to –2.99), indi-

cating the large effects of the study intervention on

strain of care (Table 3).

Discussion

The findings of this study revealed that interactive

E-learning significantly improved critical care

nurses’ delirium recognition ability. The effect

size of the study intervention was 3.76, implying the

strong effects of the interactive E-learning program

on strain of care.2 In line with this finding, a former

study in three hospitals in Australia showed that

E-learning significantly improved nurses’ delirium
recognition ability.28 Another study also reported
the effectiveness of a delirium training program in
improving nurses’ knowledge, self-confidence, and
performance.38 The positive effects of the study
intervention can be due to the fact that interactive
E-learning is a dynamic and interactive method
which encourages learners’ participation in learn-
ing.39,40 Audiovisual attractiveness, ease of use,
opportunity to ask probable questions, and the use
of recently published articles and books for develop-
ing E-learning educational materials are among the
other reasons for the effectiveness of interactive

Table 1. Between-group comparisons regarding participants’ characteristics.

Group

Characteristics

Intervention Control

Test resultsN (%) N (%)

Gender

Male 8 (18.6) 7 (15.6) v2¼ 0.145; DF¼ 1

P¼ 0.704Female 35 (81.4) 38 (84.4)

Age (years)

Mean� SD 30.88� 4.90 31.40� 5.71 t¼ 0.454; DF¼ 86

P¼ 0.651Range 24–47 24–46

Marital status

Single 11 (25.6) 20 (44.4) v2¼ 3.429; DF¼ 1

P¼ 0.064Married 32 (74.4) 25 (55.6)

Clinical work experience (years)

Mean�SD 6.64� 4.70 6.53� 5.25 t¼ 0.096; DF¼ 86

P¼ 0.923Range 0.66–24 1–20

ICU work experience (years)

Mean�SD 4.03� 2.44 4.25� 4.16 t¼ 0.304; DF¼ 71.6

P¼ 0.762Range 0.66–10 0.5–15

Employment status

Permanent official 19 (44.2) 9 (20.0) v2¼ 6.876; DF¼ 3

P¼ 0.076Conditional official 8 (18.6) 14 (31.1)

Post-graduation service 11 (25.6) 12 (26.7)

Other 5 (11.6) 10 (22.2)

Educational level

Bachelor’s 42 (97.7) 44 (97.8) P¼ 1.000

Master’s 1 (2.3) 1 (2.2)

History of receiving delirium-related education

Yes 2 (4.7) 2 (4.4) p¼ 0.365

No 41 (95.3) 43 (95.6)

Table 2. Within- and between-group comparisons respecting nurses’ delirium recognition ability.

Group

Time

Control Intervention

Test resultsa
Effect size

(95% CI)Range Mean�SD Range Mean�SD

Before 0–3 1.53� 0.81 0–4 1.86� 1.21 t¼ 1.484; DF¼ 73.27

P¼ 0.142

1.09

(0.64 to 1.54)

After 0–3 1.88� 0.91 0–4 2.95� 1.04 t¼ 5.102; DF¼ 86

P< 0.001

Test resultsb t¼ 1.973; DF¼ 44

P¼ 0.055

t¼ 4.247; DF¼ 42

P< 0.001

——

Pretest-posttest

mean difference

0.35� 1.21 1.09� 1.68 t¼ 2.365; DF¼ 86

P¼ 0.02

aThe results of the independent-sample t test.
bThe results of the paired-sample t test.
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E-learning in significantly improving nurses’ delirium

recognition ability. A former study showed that

nurses usually prefer E-learning due to the possibility

of accessing educational materials at any time and

place and without any specific arrangement.41

Contrary to our findings, Detroyer and colleagues

found interactive E-learning ineffective in improving

nurses’ delirium recognition ability and patients’ clin-

ical outcomes.23 This contradiction may be due to the

difference between the studies respecting the time

interval between intervention onset and posttest

assessment which was two months in the present

study and three months in Detroyer and colleagues’

study. Longer time intervals between intervention

onset and posttest assessment can result in forgetting

the learned materials. Another explanation for this

contradiction may be the small number of partici-

pants in Detroyer and colleagues’ study (seventeen

participants). Moreover, that study did not include

a control group and did not use motivational strate-

gies for motivating nurses to use educational materi-

als. We attempted to motivate participants to use

E-learning materials through sending them biweekly

follow-up messages and awarding them a certificate of

participation in the delirium recognition E-learning

program.
Our findings also showed that with a large effect

size, interactive E-learning significantly reduced the

Table 3. Within- and between-group comparisons respecting nurses’ strain of care.

Strain of care

Group

Time

Control Intervention

Test resultsa
Effect size

(95% CI)Range Mean�SD Range Mean�SD

Hypoactive

behavior

Before 3–10 7.31� 1.63 4–10 7.88� 1.31 t¼ 1.806; DF¼ 86

P¼ 0.074

–0.5

(–0.93

to –0.08)After 5–10 7.95� 1.24 3–10 7.06� 2.15 t¼ 2.349 DF¼ 66.53

P¼ 0.022

Test resultsb t¼ 2.32; DF¼ 44

P¼ 0.025

t¼ 2.419; DF¼ 44

P¼ 0.020

Mean difference 0.64� 1.86 –0.81� 2.21 t¼ 3.357; DF¼ 86

P¼ 0.001

Hypoalert

behavior

Before 4–14 10.06� 2.16 4–14 10.95� 2.26 t¼ 1.885; DF¼ 86

P¼ 0.063

–0.59

(–1.02

to –0.16)After 6–14 10.68� 2.02 4–14 9.65� 2.04 t¼ 2.798; DF¼ 86

P¼ 0.006

Test resultsb t¼ 2.804; DF¼ 44

P¼ 0.007

t¼ 3.325; DF¼ 42

P¼ 0.002

Mean difference 0.80� 1.91 –1.30� 2.56 t¼ 4.367; DF¼ 86

p< 0.001

Fluctuating

course

Before 6–18 13.28� 2.85 6–18 14.11� 2.60 t¼ 1.418; DF¼ 86

p¼ 0.160

–0.82

(–1.26

to –0.39)After 9–19 14.40� 2.32 5–19 11.79� 3.83 t¼ 3.833; DF¼ 68.64

P< 0.001

Test resultsb t¼ 2.423; DF¼ 44

p¼ 0.020

t¼ 3.535; DF¼ 42

P¼ 0.001

Mean difference 1.11� 3.07 –2.32� 4.13 t¼ 4.318; DF¼ 86

P< 0.001

Hyperactive/

hyperalert

behavior

Before 10–32 24.35� 5.87 9–32 25.04� 5.05 t¼ 0.596; DF¼ 86

P¼ 0.553

0.5

(–0.93

to –0.08)After 13–32 25.76� 4.84 9–31 23.48� 5.68 t¼ 2.316; DF¼ 86

P¼ 0.047

Test resultsb t¼ 1.641; DF¼ 44

P¼ 0.108

t¼ 1.645; DF¼ 42

P¼ 0.107

Mean difference 1.40� 5.72 –1.558� 6.21 t¼ 2.325; DF¼ 86

P¼ 0.022

Total Before 27–80 55.02� 9.77 28–69 58.0� 9.22 t¼ 1.486; DF¼ 86

P¼ 0.146

–3.67

(–4.36

to –2.99)After 36–71 58.97� 8.28 25–70 52.0� 10.91 t¼ 3.387; DF¼ 86

P¼ 0.001

Test resultsb t¼ 3.347; DF¼ 44

P¼ 0.002

t¼ 3.386; DF¼ 42

P¼ 0.002

Mean difference 3.955� 7.92 –6.00� 11.61 t¼ 4.647; DF¼ 73.75

P< 0.001

aThe results of the independent-sample t test.
bThe results of the paired-sample t test.
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mean scores of nurses’ delirium-related strain of care
and all its subscales except for the hyperactive/hyper-
alert behavior subscale. The positive effects of
E-learning on strain of care may be due to its effec-
tiveness in improving nurses’ ability to accurately
recognize and manage delirium. A study showed
that a six-week educational program on delirium
care significantly reduced the stress related to the
workload of care delivery to elderly people.42 In con-
tradiction with our findings, a study showed that
interactive E-learning had no significant effects on
nurses’ strain of care.2 This discrepancy may be due
to the fact that the sample of that study was hetero-
geneous and consisted of different healthcare pro-
viders (including nurses, physical therapists, and
occupational therapists) and the design of that study
was single-group. The insignificant effects of the study
intervention on the hyperactive/hyperalert behavior
subscale of strain of care may be due to the fact
that most nurses mostly rely on their personal expe-
riences for delirium management.43

One of the limitations of the study was the impos-
sibility of random allocation of individual partici-
pants due to the likelihood of between-group
information leakage. Moreover, the study sample
consisted of critical care nurses of only two hospitals
and the long-term effects of the study intervention
were not measured. We also solely assessed nurses’
delirium recognition-related knowledge. As knowl-
edge improvement is not necessarily associated with
performance improvement, future studies are recom-
mended to evaluate the effects of interactive E-learn-
ing on nurses’ knowledge and performance respecting
delirium recognition and management. In addition,
follow-up assessment was performed at only one
time point, i.e. two months after the pretest, which
provided no reliable data about the long-term effects
of the study intervention. Therefore, future studies
are recommended to assess the long-term effects of
interactive E-learning at different time points.
Comparing the effects of interactive E-learning with
other teaching methods is also recommended in order
to determine the best method for improving critical
care nurses’ knowledge and performance in the area
of delirium recognition and management.

Conclusion

This study suggests that interactive E-learning can
significantly improve critical care nurses’ delirium rec-
ognition ability, reduce their strain of care and there-
by, improve the quality of nursing care. As nurses’
heavy workload and limited free time are among the
main barriers to their participation in face-to-face
educational programs, interactive E-learning can
be used for in-service education. Educations about
E-learning and its use are needed for hospital author-
ities and nursing managers in order to improve their
knowledge of this method and prepare them for using

E-learning in in-service education programs. Unlike

face-to-face education, interactive E-learning does

not put instructors and learners at risk for bacterial
and viral diseases which are transmitted through

respiratory droplets. Therefore, it can be used as a

safe method for improving nurses’ professional
knowledge and skills in the current COVID-19

pandemic.44
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