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Abstract: Background: Evidence-based care has become critical in raising the quality of medical facil-
ities. The implementation of evidence-based practice helps medical practitioners make better clinical
decisions. Objective: The objective of this study was to investigate whether the innovative flipped
teaching model could be as effective as the conventional teaching model in terms of knowledge,
attitude, and practice and to confirm the continuous effect. Design: A quasi-experimental design
using the flipped and conventional learning groups concurrently with repeat measurements was used.
Setting: The setting was a 475-bed regional teaching hospital in Taiwan, from March to July 2020.
Participants: The study included 114 licensed nurses who had worked longer than three months, with
57 participants each in two groups. Methods: The participants were assigned to two groups using
a block randomization method. All participants completed questionnaires related to knowledge,
attitude, and practice of EBP at four-time points: pre-test (T0) and immediately after intervention
(T1), at month 1 (T2), and at month 3 (T3). Analysis of repeated generalized estimating equations
was used. Results: The flipped and conventional learning groups had significant differences in
knowledge, attitude, and practice at the T0 and T1 (p < 0.05). The flipped group was higher than
the conventional group at T3 in the knowledge score (p = 0.001) and lower than the conventional
group at T2 in the attitude score (p = 0.010). There were no significant differences between the two
groups’ practice scores at different time points. There were no significantly different score changes for
knowledge, attitude, and practice (p > 0.05). The interaction term only at T3 vs. T0 in the knowledge
score was slightly different (p = 0.049) in primary outcome. Conclusion: The intervention methods
of both groups were effective. Flipped learning is more flexible and has more time for discussion,
which nurses favor. Under the policy promoted in the hospital, EBP combined with the nursing
advancement system was standardized, and conventional learning also improved the learning effect.

Keywords: evidence-based practice; flipped learning; knowledge; attitude; practice; nurses; learning;
education; nursing; continuing

1. Introduction

Evidence-based care has become critical in raising the quality of medical facilities. The
implementation of evidence-based practice (EBP) helps medical practitioners make better
clinical decisions by having them seek the best evidence from firmly grounded scientific
research [1,2]. EBP training courses require both lectures and practice of the 5As (ask,
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acquire, appraise, apply, and audit) [3–6]. In several randomized controlled trials for nurses
or nursing students, a series of evidence-based medicine (EBM) course workshops were
provided, ranging from a few days to the entire semester [3–7]. However, workshops are
time-intensive; they include lectures on basic knowledge and theories at the beginning
of a course, followed by group discussions following the PICO (problem, intervention,
comparison, outcome) framework, seeking evidence, reading and reviewing research,
discussing research, combining evidence, summarizing research results, and applying
the results to clinical patients by following the 5A steps: asking a question, accessing
the information, appraising the articles found, applying the information, and auditing
the impact [3–6]. Numerous studies have elaborated on the barriers to implementing
EBP in the clinical environment, including participants’ learning attitudes, which are
associated with their job’s characteristics, such as the work unit, work environment, the
nurse-to-patient ratio, severity of diseases, shift schedules, and the support provided
by their administrative department. Motivation for learning is also affected by medical
practitioners’ demographic characteristics such as age [8], marital status, nurses’ career
ladder [9], years of work experience, education level, English proficiency, and perceived
workload [10]. The degree to which administrative departments are accommodative of
adapting factors such as the learning environment [11], workforce scheduling, overtime
policies [12], and incentives also have a bearing on the promotion of EBP learning because
regular courses are time-consuming and laborious. Therefore, promoters of clinical EBP
education need to be creative in planning and designing courses and incentives and
overcome obstacles by using flipped classrooms instead of traditional courses [7,13]. In the
past, some studies have also used various flipped learning models to evaluate the effect
of nurses on EBP [14–17]. The measurement target includes knowledge, attitude, skills,
behavior, self-efficacy, and learner’s satisfaction. There is usually a significant improvement
in the evaluation score after the interventional educational strategy [14,16,17]. However,
there are still shortcomings in various study designs, such as being limited to a single-
group measurement, only descriptive questionnaires being used without interventional
educational measures, a lack of persistent learning assessments, the participants being
limited to a single work unit, or, in the self-learning link of flipped learning, a lack of online
interaction with participants and the integration of the curriculum, so that the study may
ignore passive participants [14–17].

2. Literatures Review

The flipped classroom teaching method originated from the design of two high school
chemistry teachers in the United States [18]. They recorded a video of the lecture to transfer
their learning from the classroom to their personal private space [18,19]. The tangible class-
room of the flipped learning takes less time and has no restrictions on time and location.
This flexibility is beneficial to nurses who work in shifts, cope with frantic clinical work
and heavy workloads, and lack sufficient learning time [10,20]. Recently, nursing educa-
tion has been offered with various instructional approaches, including blended learning,
collaborative learning, and active learning, providing students with the opportunity to
apply their knowledge in clinical settings [21]. With tools such as mobile learning, teaching
platforms, and online resources, students can acquire EBP knowledge and practical experi-
ence through unlimited reviews and discussion [16,22]. That can help improve students’
attitudes toward learning and their competency in critical thinking, communication, and
creative thinking. Moreover, tangible classes allow groups to acquire competency for han-
dling complex problems, then mobile learning allows consolidation of the knowledge and
skills acquired [23–27]. In evidence-based nursing education, the ability to solve problems
and participate in learning is necessary.

Some studies have evaluated the five steps of EBM (5As) through the following
dimensions: knowledge, attitude, skill, practice, and self-efficacy of nurses [1,28]. As
conventional EBP education is often implemented as a series of workshops or problem-
based learning activities [29], the barriers to its implementation and the time required
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should be considered. In contrast, flipped classroom-applied EBP has improved self-
efficacy [16]. However, no studies have compared digital flipped learning and conventional
learning in knowledge, attitude, and practice. Educators must develop an e-learning EBP
course with only a limited number of tangible classes meant exclusively for the appli-
cation, clarification, and discussion of high-level questions. Thus, this study aimed to
investigate whether the innovative flipped teaching model could be as effective as the con-
ventional teaching model in terms of knowledge, attitude, and practice and to confirm the
continuous effect.

3. Methods
3.1. Study Design

A quasi-experimental design using two groups concurrently with repeat measure-
ments was used. These participants were assigned to either the experimental group or
the control group by using a block randomization method. For those randomized to the
experimental group, a digital-team-based program using the flipped learning technique
was adopted, whereas for those randomized to the control group, the conventional learning
technique was used. The outcome measurements were knowledge, attitude, and practice
of EBP, which were conducted before intervention (T0), immediately after intervention (T1),
at the first month (T2), and at the third month (T3).

3.2. Participants

Participants were recruited by convenience sampling from a 475-bed regional teaching
hospital in central Taiwan. The inclusion criterion was licensed nurses who had worked
longer than 3 months. The sample size was estimated by using the EBP knowledge differ-
ence, the primary outcome, from a similar study in G Power (version 3.1). The mean differ-
ences between the differences of the two groups were 9.56 (SD = 0.89) and 15.25 (SD = 14.09),
respectively [16]. With a mean difference of an alpha value of 0.05 between two groups,
a power of 85%, and an effect size at 0.57, the desirable effect size was estimated at
114 participants. The total number of participants was 114, with 57 participants each in the
experimental and control groups.

3.3. Intervention
3.3.1. Interventions: Flipped Learning

The first part of flipped learning (FL), e-learning with different formats, was followed
by group discussions using a team-based learning technique to solve clinical problems.
Participants were required to join an online group on an instant messaging application
to access seven lecture videos in the FL group. The e-learning materials focused on the
concepts and applications of the EBP 5As and provided clinical case studies. The e-
learning lectures covered the following topics: (1) the EBP process, (2) step 1: asking the
clinical question, (3) step 2: searching for the best evidence, (4) step 3: critically appraising
the evidence, and (5) step 4: applying to clinical patients. Available resources included
empirical knowledge, and questions, which lasted for 10 min in each video. The content
could be self-learned by the participants without any limitation of time or location, except
that the first part had to be completed within two weeks. In the mobile application
stage, the researcher raised questions about EBN periodically, brainstormed, and had
open discussions among participants so that even inactive participants could learn from
the messages.

After the e-learning stage, participants were required to attend tangible classes and
split into six groups to discuss and provide short answers to the twelve simple questions of
the quiz and instructions related to EBP. The syllabus of the tangible classroom included
(1) developing the PICO based on clinical cases and presenting them in groups; (2) ap-
praising assigned RCT and a systematic review using the tools provided in the 2012
Critical Appraisal Skills Programme [6]; (3) searching empirical papers on the Internet; and
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(4) planning for the clinical application of EBP. After four hours of group discussion and
practice with a team-based learning technique, the results were presented orally (Figure 1).

Figure 1. Experiment design for the conventional learning group and the flipped learning group.

3.3.2. Interventions: Conventional Learning

In the group that applied conventional learning (CL), for the program’s first stage,
participants were required to read materials. Before the classes, a QR code was provided
to enable the participants to access four written handouts. The second, tangible classes
focused on the concepts and applications of the EBP 5As, used a didactic instruction
throughout the course, and included participants who only discussed PICO, for 20 min,
and appraised papers, for another 20 min. The CL mainly consisted of instruction-based
lectures for the last course. The course was completed in eight hours within a day. The
study was conducted as shown in Figure 1. Participants were randomly assigned by their
leaders of each unit to enter the flipped learning group or the conventional learning group
and completed the pre-test after filling consent forms. Before class, participants completed
digital learning. In class, they participated in the tangible class of 8 h or 4 h, respec-
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tively. After-class, three post-tests were completed immediately after intervention (T1), at
month 1 (T2), and at month 3 (T3).

To ensure the consistency of the interventions, the same lecturer was assigned to both
groups. The lecturers were core members of the Taiwanese Center for Evidence-Based
Health Care who participated in the Joanna Briggs Institute Systematic Review Training
Program and had ten years of experience teaching, training, and instructing EBM/EBP
competition and EBP clinical practices. After the study was completed, the research
team distributed the handouts and videos of educational strategies to all nurses in the
hospital system.

3.4. Outcome Measures

The nurses’ information form included demographic variables comprising age, gender,
education level, career ladder, and English proficiency. Working feature information
comprised working years, unit, workload, motivation, and learning experience information.
The questionnaire of knowledge, attitude, and practice was used in the evaluation of
this study. The satisfaction of courses was included for understanding the participants’
responses and opinions.

3.5. Instruments

The instruments to measure knowledge, attitude, and practice of EBP were adopted
from Lee, Wang, and Chang’s (2011) study with a content validity of 0.86, KR-20 of internal
consistency of knowledge of 0.50, and Cronbach’s α of internal consistency of attitude
and practice of 0.74 and 0.93 [30]. This 30-item questionnaire included three dimensions
(knowledge, attitude, and practice) and each contained 10 items to measure participants’
basic knowledge, viewpoints, and practice skills of EBP, respectively. The knowledge
dimension used true or false dichotomous questions to measure, and its item ratings
ranged from 0 to 10. The attitude dimension used a four-point Likert scale which ranged
from 1 (strongly disagree) to 4 (strongly agree), for a total score ranging from 10 to 40. One
reverse question was included, and the scores were reversed. The higher the total points,
the more positive the attitude. The practice dimension used a five-point Likert scale to
measure how frequently the participants implemented EBP. The item rating ranged from
1 (never) to 5 (always), for a total score ranging from 10 to 50. Higher scores indicate
a better capability of EBP competence in practice 5As. The satisfaction survey included
10 question items, and the item ratings ranged from 1 (strongly disagree) to 5 (strongly
agree). Higher scores indicate greater satisfaction in the learning process and course.
Cronbach’s α was 0.96 [30].

3.6. Data Collection

The Ministry of Health and Welfare of the Republic of China Institutional review
board (IRB) approval was obtained before the study was initiated (trial reference number:
TPC109008). Before the study, researchers explained the education and training on EBP
and obtained participants’ consent. Data were collected from March to July 2020. The same
questionnaire of knowledge, attitude, and practice was administered to all participants
four times in this study, at the baseline before the intervention (T0), immediately after
intervention (T1), at month 1 (T2), and at month 3 (T3) (Figure 1).

3.7. Data Analysis

The number and percentage were used to represent the distribution of categorical
variables between the CL and FL group. Mean and standard deviation (SD) were shown
as the distribution of continuous variables (including age and the score of knowledge,
attitude, and practice among four time points) between the two groups. The chi-square and
t-test were used to test the difference between the two groups for categorical variables and
age, respectively. We used the repeated generalized estimating equations (GEEs) model to
estimate the knowledge, attitude, and practice score changes over time with the group by
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adjusting for career ladder and working years. An alpha level of 0.05 was designated as
statistically significant.

4. Results
4.1. Comparison of Homogeneity in Demographic Variables between the Two Groups

A total of 114 nurses receiving EBP education were recruited in this study. Nurses in
the CL and FL groups reported homogeneity in their demographics, working features, and
learning experience. Only career ladder and working years showed significant differences
(p < 0.05). There was no difference between the two groups for the other variables. The
two groups had a similar age range: that for the CL group was 32.54 ± 8.84, and that for
the FL group was 33.84 ± 7.53. Most of the participants were female nurses, and the two
groups’ education levels were similarly distributed. About 65% of the participants had
postgraduate degrees. In the CL group, 63.16% of the participants had a lower career ladder
(N–N1), and 50.88% had less than five years of work experience. In the FL group, 64.91%
had a higher career ladder (N2–N4), and 24.56% had less than five years of work experience
(Table 1).

Table 1. Demographic data (N = 114).

CL (n = 57) FL (n = 57)

Variable n (%) n (%) t/X2 p

Age (years), mean (SD) 32.54 (8.84) 33.84 (7.53) −0.84 0.401
Sex 0.65 >0.999

Female 55 (96.49) 54 (94.74)
Male 2 (3.51) 3 (5.26)

Education level 0.04 >0.999
Diploma 20 (35.09) 19 (33.33)

College and above 37 (64.91) 38 (66.67)
a Career ladder 8.98 0.000

N–N1 36 (63.16) 20 (35.09)
N2–N4 21 (36.84) 37 (64.91)

Working years 12.93 0.000
5 and under 5 29 (50.88) 14 (24.56)

6–10 6 (10.53) 14 (24.56)
11–15 7 (12.28) 17 (29.82)

16 and above 15 (26.32) 12 (21.05)
English proficiency 1.00 0.422

Acceptable to good and above 16 (28.07) 21 (36.84)
Unacceptable 41 (71.93) 36 (63.16)

Daily working hours 1.55 0.465
8 5 (8.77) 6 (10.53)

8–9 42 (73.68) 36 (63.16)
9–10 10 (17.54) 15 (26.32)

Work unit 0.78 0.851
Medical, obstetrics and gynecology,

pediatrics 16 (28.07) 19 (33.33)

Surgical and operation room 8 (14.04) 9 (15.79)
b Others 19 (33.33) 15 (26.32)

Intensive care unit 14 (24.56) 14 (24.56)
Workload perception 0.16 0.832

Stressful and incompetent 16 (28.07) 18 (31.58)
Competent 41 (71.93) 39 (68.42)

Participation motivation 0.36 0.833
Interest and self−professional growth 24 (42.11) 21 (36.84)

Unit assigned 26 (45.61) 29 (50.88)
Work required 7 (12.28) 7 (12.28)



Healthcare 2022, 10, 1257 7 of 15

Table 1. Cont.

CL (n = 57) FL (n = 57)

Variable n (%) n (%) t/X2 p

Experienced literature seeking 0.14 0.700
Yes 26 (45.61) 28 (49.12)
No 31 (54.39) 29 (50.88)

Experienced critical appraisal 0.00 >0.999
Yes 29 (50.88) 29 (50.88)
No 28 (49.12) 28 (49.12)

Experienced critical appraisal in a team 0.14 0.851
Yes 24 (42.11) 26 (45.61)
No 33 (57.89) 31 (54.39)

Experienced learning through EBP 0.14 0.852
Yes 32 (56.14) 30 (52.63)
No 25 (43.86) 27 (47.37)

CL: conventional learning; FL: flipped learning; SD: standard deviation. a Advanced system of clinical professional
ability of nurses in Taiwan. N1: nursing level 1, the ability to provide basic nursing care. N2: nursing level 2, the
ability to provide critical and advanced nursing care. N3: nursing level 3, the ability to provide holistic care and
education. N4: nursing level 4, the ability to provide specialist care and research. b Others: hemodialysis room,
respiratory care ward, outpatient department, psychiatry ward.

4.2. Comparison of the Knowledge, Attitude, and Practice in the Two Groups

Table 2 and Figures 2–4 show the knowledge, attitude, and practice scores and the
trend graph for the CL and FL groups at each of the four time evaluation points. There was
no significant difference in the mean scores for knowledge, attitude, and practice at the
baseline (p = 0.15, 0.21, 0.57) between the two groups. Table 2 shows the different education
strategies within each group; the CL and FL groups both had significant differences in
knowledge, attitude, and practice at T0 and T1 (p < 0.05). There was no significant difference
in the two groups at T1 and T2 (p = 1.00, 0.702) in the mean scores of knowledge. In this
trend, both groups improved at T1 (CL: 8.61 ± 0.92; FL: 8.61 ± 1.03); although T2 was
gradually decreasing, it was still higher than T0 (CL: 8.39 ± 0.88; FL: 8.44 ± 1.17). The T3
score of the FL group was even higher than that of the CL group (p = 0.001). For the attitude
score, it all improved after the intervention in both groups. The FL group had a significantly
lower score than the CL group at T2 (p = 0.010), but there were no significant differences at
other time points. For practice scores, it also all improved after the intervention in both groups.
There were no significant differences between the two groups at different time points.

Table 2. Knowledge, attitude, and practice of EBP (N = 114).

CL Group (n = 57) FL Group (n = 57) Between Two Groups

Item
T0 T1 T2 T3 pA T0 T1 T2 T3 pB pC pD pE pF

Mean (SD) p-Value Mean (SD) p-Value p-Value

K 8.11
(0.95)

8.61
(0.92)

8.39
(0.88)

7.80
(0.95) 0.000 *** 8.37

(0.97)
8.61

(1.03)
8.44
(1.17)

8.48
(1.05) 0.040 * 0.153 1.000 0.702 0.001 **

A 31.49
(3.67)

33.61
(4.04)

33.93
(3.98)

33.40
(4.14) 0.000 ** 30.67

(3.25)
34.04
(3.92)

32.61
(3.68)

32.74
(3.85) 0.000 *** 0.213 0.517 0.010 ** 0.372

P 27.07
(7.02)

34.14
(7.79)

33.47
(7.73)

35.90
(8.08) 0.000 *** 27.88

(6.25)
33.77
(6.59)

34.82
(6.49)

33.89
(6.19) 0.000 *** 0.573 0.792 0.153 0.160

* p < 0.05, ** p < 0.01, *** p < 0.001. CL: conventional learning; FL: flipped learning. T0: baseline; T1: immediately
post-test; T2: 1 month post-test; T3: 3 months post-test. K = knowledge; A = attitude; P = practice; SD = standard
deviation. KAP score range: K = 0–10; A = 10–40; P = 10–50. pA: CL group pretest (T0: at the baseline before the
intervention) vs. post-test 1 (T1: immediately after intervention). pB: FL group pre-test (T0: at the baseline before
the intervention) vs. post-test 1 (T1: immediately after intervention). pC: the difference between differences of two
groups at T0. pD: the difference between differences of two groups at T1. pE: the difference between differences
between two groups at T2 (1st month after intervention). pF: the difference between differences between two
groups at T3 (3rd month after intervention).
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Figure 2. The change in knowledge score between two groups at T0–T3. CL: conventional learning;
FL: flipped learning. Total range: 0–10. T0: baseline; T1: immediately; T2: 1st month; T3: 3rd month.

Figure 3. The change of attitude score between two groups at T0–T3. CL: conventional learning; FL:
flipped learning. Total range: 10–40. T0: baseline; T1: immediately; T2: 1st month; T3: 3rd month.
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Figure 4. The change of practice score between groups at T0-T3. CL: conventional learning; FL:
flipped learning. Total range: 10–50. T0: baseline; T1: immediately; T2: 1st month; T3: 3rd month.

4.3. Effusiveness of Intervention on Participants’ Knowledge, Attitude, and Practice of EBP

Table 3 shows the score changes between the two groups at different time points by
repeated generalized estimating equations analysis. After adjusting the career ladder and
working years, there were no significantly different score changes between the CL and FL
groups in terms of knowledge, attitude, and practice. In the knowledge score, only T1 vs.
T0 showed a significant difference (p < 0.0001). The attitude score significantly increased
with increasing time points (2.75, 2.19, and 1.99 at T1, T2, and T3 vs. T0), and the practice
score increased (6.48, 6.68, and 7.41 at T1, T2, and T3 vs. T0) (Model 1). The interaction term
only at T3 vs. T0 in the knowledge score was slightly different between the two groups
(p = 0.049) (Model 2).

Table 3. Generalized estimating equations (GEEs) analysis of the effectiveness of interventions.

Model 1 Model 2

Estimate SE 95% CI p Estimate SE 95% CI p

Knowledge
Group (FL vs. CL) −0.21 0.14 −0.49, 0.07 0.13 −0.24 0.18 −0.60, 0.12 0.19

Test (Time)
T1 vs. T0 0.38 0.08 0.22, 0.54 <0.0001 −0.02 0.26 −0.53, 0.50 0.95
T2 vs. T0 0.18 0.10 −0.02, 0.37 0.08 −0.04 0.33 −0.80, 0.52 0.68
T3 vs. T0 −0.10 0.11 −0.30, 0.11 0.36 0.52 0.30 −0.06, 1.10 0.08

Group × Test
T1 vs. T0 0.26 0.16 −0.05, 0.58 0.10
T2 vs. T0 0.21 0.20 −0.18, 0.60 0.29
T3 vs. T0 −0.41 0.21 −0.82, −0.002 0.049
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Table 3. Cont.

Model 1 Model 2

Estimate SE 95% CI p Estimate SE 95% CI p

Attitude
Group (FL vs. CL) 0.70 0.50 −0.28, 1.69 0.16 0.93 0.66 −0.37, 2.23 0.16

Test
T1 vs. T0 2.75 0.46 1.84, 3.65 <0.0001 4.61 1.43 1.82, 7.41 0.001
T2 vs. T0 2.19 0.42 1.38, 3.01 <0.0001 1.46 1.44 −1.36, 4.27 0.31
T3 vs. T0 1.99 0.41 1.18, 2.79 <0.0001 2.20 1.43 −0.61, 5.01 0.13

Group × Test
T1 vs. T0 −1.25 0.91 −3.04, 0.54 0.17
T2 vs. T0 0.49 0.83 −1.14, 2.12 0.56
T3 vs. T0 −0.14 0.82 −1.75, 1.47 0.86

Practice
Group (FL vs. CL) 0.22 0.89 −1.53, 1.96 0.81 −0.58 1.27 −3.06, 1.91 0.65

Test
T1 vs. T0 6.48 0.92 4.67, 8.29 <0.0001 4.72 2.76 −0.69, 10.1 0.09
T2 vs. T0 6.68 0.76 5.19, 8.16 <0.0001 7.49 2.01 3.55, 11.4 0.0002
T3 vs. T0 7.41 0.78 5.89, 8.93 <0.0001 3.20 2.05 −0.81, 7.21 0.01

Group × Test
T1 vs. T0 1.18 1.85 −2.44, 4.79 0.52
T2 vs. T0 −0.54 1.52 −3.52, 2.43 0.72
T3 vs. T0 2.80 1.52 −0.18, 5.79 0.07

Model 1: after adjusted career ladder and work years. Model 2: after adjusted interaction term, career ladder, and
work years. SE: standard error. CL: conventional learning; FL: flipped learning. T0: baseline; T1: immediately; T2:
1st month; T3: 3rd month.

4.4. Satisfaction of the Intervention in the Two Groups

Table 4 shows the mean satisfaction score in the CL and FL groups pertaining to the
overall curriculum design and learning process. The score for the CL group was 38.49 ± 0.99,
and for the FL group was 44.24 ± 0.60. There was a significant difference in the scores
between the two groups (p = 0.001).

Table 4. The satisfaction with the intervention in the two groups (N = 114).

Item
CL (n = 57) FL (n = 57)

p
Mean (SD)

1. I could understand EBP through the course content. 3.75 (1.15) 4.46 (0.66) <0.000 ***
2. I learned how to ask a clinical question. 3.82 (1.04) 4.42 (0.53) <0.000 ***

3. The course strengthens my ability to search for the empirical literature. 3.82 (1.02) 4.46 (0.50) <0.000 ***
4. The course improved my ability to critique the literature. 3.84 (1.01) 4.44 (0.50) <0.000 ***

5. I could apply EBP in clinical care. 3.84 (1.01) 4.39 (0.56) 0.001 **
6. The course enhanced my confidence in the instructor in the clinical application of

evidence-based nursing. 3.84 (1.01) 4.42 (0.57) <0.000 ***

7. The case discussion helped me understand EBP. 3.88 (1.05) 4.44 (0.50) <0.000 ***
8. Practical experience improved my ability to search for empirical literature. 3.96 (0.96) 4.44 (0.50) 0.001 **

9. Group discussions enhanced my ability to critique the literature. 3.86 (0.97) 4.40 (0.49) <0.000 ***
10. The workshop helped me complete the EBP 5As and apply them to clinical care. 3.88 (0.98) 4.35 (0.52) 0.002 *

Total score 38.49 (0.99) 44.24 (0.60) 0.001 **

* p < 0.05, ** p < 0.01, *** p < 0.001. CL: conventional learning; FL: flipped learning. SD: standard deviation. Score
range: 1–5, total range: 10–50. EBP: evidence-based practice.

5. Discussion
5.1. Knowledge of EBP

Numerous cross-sectional studies have examined knowledge, attitude, and practice
concerning EBP for nurses [31,32], but few of them have introduced an educational inter-
vention that followed knowledge, attitude, and practice [33,34]. Participants in both the FL
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and CL groups showed improved knowledge after intervention learning. The knowledge
scores of the FL group improved significantly at the immediate post-test after the interven-
tion learning, and the effect persisted for one month and three months. After three months,
the comparison of the two groups showed that the FL score was better than that of the
CL group.

According to the flowchart of this study, the FL group was requested to proceed with
seven ten-minute videos of digital learning within the two-week pre-class stage, followed
by four hours in-class for 5As performance of the EBP, after which there was brainstorming
and in-class deep discussion and clarification. In this study, at the beginning of the tangible
class for the FL group, participants had to work in groups and provide short answers to
the 12 questions on EBP. During the process, many participants used the notes they had
taken when they watched the videos. As the tasks for memorizing, reciting, understanding,
and absorbing are completed before the class, participants could have more time to discuss
and clarify doubts in a shorter tangible class; this would also enhance their critical thinking
ability [18]. Such a learning environment is conducive for nursing education, as nurses
need the competency to quickly and accurately judge their patients’ assessment and decide
on the necessary interventions [21]. The effectiveness of learning was enhanced by actual
participation, and learning by doing strengthens memory; thus, the FL group acquired
that knowledge for a more extended period [35]. The knowledge score of the FL group
persisted after three months.

In the FL group, some participants may not have watched the videos. Nevertheless,
the researcher raised questions about EBN periodically and conducted brainstorming and
open discussions among participants so that even inactive participants could learn from the
messages. Through the discussion and questions, other participants could be motivated to
self-learn [24]. The teaching model designed by this study could be classified as a flipped
classroom model, which is often employed in nursing education [18,36].

Given the nurses’ job characteristics, it is not easy to promote continuing clinical
education. Researchers have also noted several issues with the conventional teaching
methods; for example, some students may not be able to keep up with their teachers’
instructions [37], and nurses could not concentrate on the class because of shift lag [12].
However, in flipped courses, participants could watch videos without any limitation of
time or location, so after the intervention learning, the effect lasted for one month and three
months in this study. Teachers who have developed flipped educational plans, although
increasing the time cost in the preparing stage, actually convert the time cost into low-level
cognition, memory, and understanding for the students, allowing students to learn by
themselves while spending time in tangible classes for the application, analysis, integration,
and reflection of learning at a higher level [24]. Regardless, a benefit of flipped classrooms
is the reduction in physical classroom time.

5.2. Attitude to EBP

Participants in both the FL and CL groups showed improved attitudes toward inter-
vention learning. It is worth noting that the CL group significantly improved the post-test
scores at one month, which were even better than those of the FL group. The possible
reason was that the policy of the evidence-based reports was conducted under a request
condition for an advanced clinical ladder system, which was provided by the Taiwan
Nurses Association (TWNA), and it clearly defines clinical nurses’ roles and functions.
Novice and beginner nurses with grading levels at N and N1, respectively, perform basic
nursing; advanced beginners at N2 are competent in intensive nursing; qualified nurses at
N3 are responsible for education and comprehensive nursing; and proficient nurses at N4
can conduct research and function as clinical nurse specialists (TWNA, 2018). Under the
promotion policy, advanced clinical ladder N1 must complete the writing of EBP-related
caring reports, and advanced clinical ladder N2 must complete an essay of EBP-related
case reports. Synonyms include clinical ladder and nursing grading ladder level. In this
study, 63.2% of participants were at N and N1 in the CL groups, during a period of positive
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advancement. Because of the promotion of the policy, the promotion time was consistent
with the time of the second post-test in this study. Therefore, the post-test scores of the CL
group at one month and three months were better than those of the FL group. As the policy
was promoted in the hospital and supported by nursing executives, EBP learning and the
nursing advancement system complemented each other. Nurses in medical institutions
feel the importance of EBP, thus strengthening their attitude toward EBP. The attitude scale
represents participants’ views, perceptions, and preconceived opinions about EBP. The
higher the score, the more positive the attitude. A positive attitude can encourage students
to study hard and is vital in learning [38].

5.3. Practice of EBP

Participants in both the FL and CL groups showed improved practice of intervention
learning. Even though there was no statistical difference between the two groups at any
post-test time point, performance increased over time. The improvement of practice scores
in the CL group also showed the same trend as the attitude scores. The possible reason was
that the policy would improve the participants’ practice of EBP in the CL group. Perhaps
the policy of the advanced nursing system may have prompted EBP to be applied by the
CL group, which also increased the practice score. Additionally, the research site holds
an EBM competition every July, which has attracted the attention of the whole hospital
to this topic. The hospital also trains two groups of new generations to participate in the
competition. The competition time matched the time for the third post-test in this study.
Therefore, the practice score of the CL group in the 3rd month post-test may be better than
that of the FL group.

Compared to past studies, for the primary outcome, the scores of the immediate
post-test of knowledge, attitude, skills, and self-efficacy were higher than those of the
pre-test [14,16], while the knowledge and self-efficacy of the experimental group were
significantly higher than those of the control group [16]; however, for the scores one month
later, there was no difference between the two groups in knowledge and self-efficacy [16].
In terms of the learning effect between the groups, the difference of knowledge in the
experimental group was higher than that of the control group [17]. To observe the effect of
persistent learning, at the 6-month measurement point, the experimental group showed
significantly better EBP knowledge, attitudes, behavior, and self-efficacy than the control
group; at the 12-month measurement point, the improvements began to decrease [17]. Our
study results were similar to those findings.

5.4. Satisfaction

In this study, both groups had a good response in learning satisfaction under the
intervention of educational strategies. For the secondary outcome, past studies showed
that the satisfaction score of participants for the flipped education teaching style provided
by the educators was better than that of the control group [17]. Similar to the results of this
study, the participants had good satisfaction with the learning of the EBP 5As, which was
also better than that of the control group. The FL group had significantly higher scores on
each item and overall satisfaction than the CL group. FL groups improve problem-solving
ability by asking questions, trying to answer questions, cooperating to solve problems, and
competing among themselves [24] and improve nurses’ self-efficacy and their beliefs in EBP
learning [16,24], and thus improve the satisfaction of learning. Additionally, Generation Z
nurses hope to use Internet resources to help them learn innovatively and independently
and use digital devices to find answers to problems efficiently [39]. The key to the success
of FL is the practical value and active learning preferences suitable for Generation Z [39].
The trend of satisfaction with it is also clearly seen in this study.

For future studies, we suggest that the software system of digital learning can be
more efficient; educators and participants can have more interaction and practice in the
system, so as to prolong the effect of learning. Moreover, the acute practice of EBP with
the clinical application can be the measurement of the study result as the effective index of
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the continuous effect of learning, which would provide more objectively and accuracy in
evaluating the effectiveness of the program.

6. Limitations

This study was limited due to the work of nurses because the recruited subjects
matched their shift duty choice and were included in the CL group or FL group courses, so
the researchers could not avoid the possibility of contamination of the research subjects.
The solution was to conduct two groups of educational measures on the same day to reduce
contamination. The participants’ self-administered questionnaires could lead to a reporting
bias in social desirability and a lack of objective indices. We also did not investigate the
actual practice experience in the study. The findings in the study cannot be generalized
due to its limited sample size in one local hospital.

7. Conclusions

For nurses, FL is more flexible in location, tools, and time. The seven videos in
the mobile application stage make self-learning livelier; there is more time for reflection,
clarification, and discussion in the tangible class stage, gaining the nurses’ favor and
high satisfaction; the educators can use the teaching materials in the preparatory stage
repeatedly; and the teaching focus will be more on nurses’ feedback in the tangible class.
However, EBP combined with the nursing advancement system was standardized. The
policy was promoted in the hospital and supported by the nursing executives, which helped
educators to better implement EBP education. Nurses with CL can combine the existing
advanced clinical ladder system with EBP, apply EBP in clinical practice, and deepen their
learning impression and practice. Therefore, in this study, both the conventional education
method and the flipped education methods can improve the learning effect of nurses
on EBP.

Author Contributions: Conceptualization, W.-Y.C. and H.-C.T.; methodology, W.-Y.C., L.-C.H. and
H.-C.T.; software, W.-Y.C. and L.-Y.Y.; validation, W.-Y.C., L.-C.H. and H.-C.T.; formal analysis,
W.-Y.C. and L.-C.H.; investigation, W.-Y.C.; resources, L.-Y.Y.; data curation, S.-C.H. and T.-F.C.;
writing—original draft preparation, W.-Y.C., L.-C.H. and H.-C.T.; writing—review and editing, W.-
Y.C., L.-C.H. and H.-C.T.; visualization, W.-Y.C.; supervision, H.-C.H., S.-C.H., T.-F.C. and L.-Y.Y.;
funding acquisition, W.-Y.C. and L.-Y.Y.; project administration, H.-C.H., S.-C.H. and T.-F.C. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the hospital program of Nantou Hospital, Ministry of Health
and Welfare of the Republic of China (grant number: NANTH10901).

Institutional Review Board Statement: The Ministry of Health and Welfare of the Republic of China
Institutional review board (IRB) approval was obtained before the study was initiated (trial reference
number: TPC109008).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Fineout-Overholt, E.; Melnyk, B.M.; Schultz, A. Transforming health care from the inside out: Advancing evidence-based practice

in the 21st century. J. Prof. Nurs. 2005, 21, 335–344. [CrossRef] [PubMed]
2. Melnyk, B.M.; Fineout-Overholt, E.; Stetler, C.; Allan, J. Outcomes and implementation strategies from the first US evidence-based

practice leadership summit. Worldviews Evid.-Based Nurs. 2005, 2, 113–121. [CrossRef] [PubMed]
3. Jalali-Nia, S.F.; Salsali, M.; Dehghan-Nayeri, N.; Ebadi, A. Effect of evidence-based education on Iranian nursing students’

knowledge and attitude. Nurs. Health Sci. 2011, 13, 221–227. [CrossRef] [PubMed]
4. Kim, S.C.; Brown, C.E.; Ecoff, L.; Davidson, J.E.; Gallo, A.; Klimpel, K.; Wickline, M.A. Regional evidence-based practice

fellowship program: Impact on evidence-based practice implementation and barriers. Clin. Nurs. Res. 2013, 22, 51–69. [CrossRef]
[PubMed]

http://doi.org/10.1016/j.profnurs.2005.10.005
http://www.ncbi.nlm.nih.gov/pubmed/16311228
http://doi.org/10.1111/j.1741-6787.2005.00022.x
http://www.ncbi.nlm.nih.gov/pubmed/17040532
http://doi.org/10.1111/j.1442-2018.2011.00603.x
http://www.ncbi.nlm.nih.gov/pubmed/21595816
http://doi.org/10.1177/1054773812446063
http://www.ncbi.nlm.nih.gov/pubmed/22645401


Healthcare 2022, 10, 1257 14 of 15

5. Levin, R.F.; Fineout-Overholt, E.; Melnyk, B.M.; Barnes, M.; Vetter, M.J. Fostering evidence-based practice to improve nurse
and cost outcomes in a community health setting: A pilot test of the advancing research and clinical practice through close
collaboration model. Nurs. Adm. Q. 2011, 35, 21–33. [CrossRef]

6. Varnell, G.; Haas, B.; Duke, G.; Hudson, K. Effect of an educational intervention on attitudes toward and implementation of
evidence-based practice. Worldviews Evid.-Based Nurs. 2008, 5, 172–181. [CrossRef]

7. Courey, T.; Benson-Soros, J.; Deemer, K.; Zeller, R.A. The missing link: Information literacy and evidence-based practice as a new
challenge for nurse educators. Nurs. Educ. Perspect. 2006, 27, 320–323.

8. Penz, K.; D’Arcy, C.; Stewart, N.; Kosteniuk, J.; Morgan, D.; Smith, B. Barriers to participation in continuing education activities
among rural and remote nurses. J. Contin. Educ. Nurs. 2007, 38, 58–66. [CrossRef]

9. Weng, Y.H.; Chen, C.; Kuo, K.N.; Yang, C.Y.; Lo, H.L.; Chen, K.H.; Chiu, Y.W. Implementation of Evidence-Based Practice in
Relation to a Clinical Nursing Ladder System: A National Survey in Taiwan. Worldviews Evid.-Based Nurs. 2015, 12, 22–30.
[CrossRef]

10. Williams, B.; Perillo, S.; Brown, T. What are the factors of organisational culture in health care settings that act as barriers to the
implementation of evidence-based practice? A scoping review. Nurse Educ. Today 2015, 35, e34–e41. [CrossRef]

11. Chan, E.Y.; Glass, G.F.; Phang, K.N. Evaluation of a Hospital-Based Nursing Research and Evidence-Based Practice Mentorship
Program on Improving Nurses’ Knowledge, Attitudes, and Evidence-Based Practice. J. Contin. Educ. Nurs. 2020, 51, 46–52.
[CrossRef] [PubMed]

12. Sadeghi-Bazargani, H.; Tabrizi, J.S.; Azami-Aghdash, S. Barriers to evidence-based medicine: A systematic review. J. Eval. Clin.
Pract. 2014, 20, 793–802. [CrossRef] [PubMed]

13. McCutcheon, K.; Lohan, M.; Traynor, M.; Martin, D. A systematic review evaluating the impact of online or blended learning vs.
face-to-face learning of clinical skills in undergraduate nurse education. J. Adv. Nurs. 2015, 71, 255–270. [CrossRef]

14. Hart, P.; Eaton, L.; Buckner, M.; Morrow, B.N.; Barrett, D.T.; Fraser, D.D.; Hooks, D.; Sharrer, R.L. Effectiveness of a Computer-
Based Educational Program on Nurses’ Knowledge, Attitude, and Skill Level Related to Evidence-Based Practice. Worldviews
Evid.-Based Nurs. 2008, 5, 75–84. [CrossRef]

15. Pérez-Campos, M.A.; Sánchez-García, I.; Pancorbo-Hidalgo, P.L. Knowledge, Attitude and Use of Evidence-Based Practice among
nurses active on the Internet. Investig. Educ. Enfermería 2014, 32, 451–460. [CrossRef]

16. Chu, T.-L.; Wang, J.; Monrouxe, L.; Sung, Y.-C.; Kuo, C.-l.; Ho, L.-H.; Lin, Y.-E. The effects of the flipped classroom in teaching
evidence based nursing: A quasi-experimental study. PLoS ONE 2019, 14, e0210606. [CrossRef] [PubMed]

17. Koota, E.; Kääriäinen, M.; Kyngäs, H.; Lääperi, M.; Melender, H.L. Effectiveness of evidence-based practice (ebp) education
on emergency nurses’ ebp attitudes, knowledge, self-efficacy, skills, and behavior: A randomized controlled trial. Worldviews
Evid.-Based Nurs. 2021, 18, 23–32. [CrossRef]

18. Bergmann, J.; Sams, A. Flip your Classroom: Reach Every Student in Every Class Every Day; International Society for Technology in
Education: Eugene, OR, USA, 2012.

19. McDonald, K.; Smith, C.M. The flipped classroom for professional development: Part I. Benefits and strategies. J. Contin. Educ.
Nurs. 2013, 44, 437–438. [CrossRef]

20. Santos, M.C. Nurses’ barriers to learning: An integrative review. J. Nurses Prof. Dev. 2012, 28, 182–185. [CrossRef]
21. Hessler, K.L. Nursing education: Flipping the classroom. Nurse Pract. 2016, 41, 17–27. [CrossRef]
22. Onda, M.; Takagaki, N. Approach to Evidence-based Medicine Exercises Using Flipped Teaching: Introductory Education for

Clinical Practice for 4th-Year Pharmacy Students. Yakugaku Zasshi J. Pharm. Soc. Jpn. 2018, 138, 645–647. [CrossRef] [PubMed]
23. Gilboy, M.B.; Heinerichs, S.; Pazzaglia, G. Enhancing student engagement using the flipped classroom. J. Nutr. Educ. Behav. 2015,

47, 109–114. [CrossRef] [PubMed]
24. Hwang, G.-J.; Chen, P.-Y. Effects of a collective problem-solving promotion-based flipped classroom on students’ learning

performances and interactive patterns. Interact. Learn. Environ. 2019, 1–16. [CrossRef]
25. Hwang, G.-J.; Wu, P.-H.; Chen, C.-C. An online game approach for improving students’ learning performance in web-based

problem-solving activities. Comput. Educ. 2012, 59, 1246–1256. [CrossRef]
26. Jones-Bonofiglio, K.D.; Willett, T.; Ng, S. An evaluation of flipped e-learning experiences. Med. Teach. 2018, 40, 953–961. [CrossRef]
27. Kuo, F.-R.; Hwang, G.-J.; Lee, C.-C. A hybrid approach to promoting students’ web-based problem-solving competence and

learning attitude. Comput. Educ. 2012, 58, 351–364. [CrossRef]
28. Kumaravel, B.; Hearn, J.H.; Jahangiri, L.; Pollard, R.; Stocker, C.J.; Nunan, D. A systematic review and taxonomy of tools for

evaluating evidence-based medicine teaching in medical education. Syst. Rev. 2020, 9, 91. [CrossRef]
29. Häggman-Laitila, A.; Mattila, L.R.; Melender, H.L. Educational interventions on evidence-based nursing in clinical practice: A

systematic review with qualitative analysis. Nurse Educ. Today 2016, 43, 50–59. [CrossRef]
30. Lee, C.-Y.; Wang, W.-F.; Chang, Y.-J. The Effects of Evidence-Based Nursing Training Program on Nurses’ Knowledge, Attitude,

and Behavior. New Taipei J. Nurs. 2011, 13, 19–31. [CrossRef]
31. Rose Bovino, L.; Aquila, A.M.; Bartos, S.; McCurry, T.; Cunningham, C.E.; Lane, T.; Rogucki, N.; DosSantos, J.; Moody, D.;

Mealia-Ospina, K.; et al. A Cross-sectional Study on Evidence-Based Nursing Practice in the Contemporary Hospital Setting:
Implications for Nurses in Professional Development. J. Nurses Prof. Dev. 2017, 33, 64–69. [CrossRef]

32. Salah, M.m.A.; Abu-Moghli, F.A. Perceived Knowledge, Attitudes, and Implementation of Evidence-Based Practice Among
Jordanian Nurses in Critical Care Units. Dimens. Crit. Care Nurs. 2020, 39, 278–286. [CrossRef] [PubMed]

http://doi.org/10.1097/NAQ.0b013e31820320ff
http://doi.org/10.1111/j.1741-6787.2008.00124.x
http://doi.org/10.3928/00220124-20070301-03
http://doi.org/10.1111/wvn.12076
http://doi.org/10.1016/j.nedt.2014.11.012
http://doi.org/10.3928/00220124-20191217-09
http://www.ncbi.nlm.nih.gov/pubmed/31895470
http://doi.org/10.1111/jep.12222
http://www.ncbi.nlm.nih.gov/pubmed/25130323
http://doi.org/10.1111/jan.12509
http://doi.org/10.1111/j.1741-6787.2008.00123.x
http://doi.org/10.17533/udea.iee.v32n3a10
http://doi.org/10.1371/journal.pone.0210606
http://www.ncbi.nlm.nih.gov/pubmed/30645609
http://doi.org/10.1111/wvn.12485
http://doi.org/10.3928/00220124-20130925-19
http://doi.org/10.1097/NND.0b013e31825dfb60
http://doi.org/10.1097/01.NPR.0000476373.04620.33
http://doi.org/10.1248/yakushi.17-00190-3
http://www.ncbi.nlm.nih.gov/pubmed/29710008
http://doi.org/10.1016/j.jneb.2014.08.008
http://www.ncbi.nlm.nih.gov/pubmed/25262529
http://doi.org/10.1080/10494820.2019.1568263
http://doi.org/10.1016/j.compedu.2012.05.009
http://doi.org/10.1080/0142159X.2017.1417577
http://doi.org/10.1016/j.compedu.2011.09.020
http://doi.org/10.1186/s13643-020-01311-y
http://doi.org/10.1016/j.nedt.2016.04.023
http://doi.org/10.6540/NTJN.2011.1.003
http://doi.org/10.1097/NND.0000000000000339
http://doi.org/10.1097/DCC.0000000000000431
http://www.ncbi.nlm.nih.gov/pubmed/32740199


Healthcare 2022, 10, 1257 15 of 15

33. Moore, L. Effectiveness of an Online Educational Module in Improving Evidence-Based Practice Skills of Practicing Registered
Nurses. Worldviews Evid.-Based Nurs. 2017, 14, 358–366. [CrossRef] [PubMed]

34. van der Goot, W.E.; Keers, J.C.; Kuipers, R.; Nieweg, R.M.B.; de Groot, M. The effect of a multifaceted evidence-based practice
programme for nurses on knowledge, skills, attitudes, and perceived barriers: A cohort study. Nurse Educ. Today 2018, 63, 6–11.
[CrossRef]

35. Moye, J.J.; Dugger, W.E., Jr.; Starkweather, K.N. Is “Learning by Doing” Important? A Study of Doing-Based Learning. Technol.
Eng. Teach. 2014, 74, 22–28.

36. Chung, C.-J.; Lai, C.-L.; Hwang, G.-J. Roles and research trends of flipped classrooms in nursing education: A review of academic
publications from 2010 to 2017. Interact. Learn. Environ. 2019, 29, 883–904. [CrossRef]

37. Hwang, G.-J.; Lai, C.-L.; Wang, S.-Y. Seamless flipped learning: A mobile technology-enhanced flipped classroom with effective
learning strategies. J. Comput. Educ. 2015, 2, 449–473. [CrossRef]

38. ten Cate, O. What happens to the student? The neglected variable in educational outcome research. Adv. Health Sci. Educ. 2001, 6,
81–88. [CrossRef]

39. Hampton, D.C.; Keys, Y. Generation Z students: Will they change our nursing classrooms. J. Nurs. Educ. Pract. 2017, 7, 111–115.
[CrossRef]

http://doi.org/10.1111/wvn.12214
http://www.ncbi.nlm.nih.gov/pubmed/28267902
http://doi.org/10.1016/j.nedt.2018.01.008
http://doi.org/10.1080/10494820.2019.1619589
http://doi.org/10.1007/s40692-015-0043-0
http://doi.org/10.1023/A:1009874100973
http://doi.org/10.5430/jnep.v7n4p111

	Introduction 
	Literatures Review 
	Methods 
	Study Design 
	Participants 
	Intervention 
	Interventions: Flipped Learning 
	Interventions: Conventional Learning 

	Outcome Measures 
	Instruments 
	Data Collection 
	Data Analysis 

	Results 
	Comparison of Homogeneity in Demographic Variables between the Two Groups 
	Comparison of the Knowledge, Attitude, and Practice in the Two Groups 
	Effusiveness of Intervention on Participants’ Knowledge, Attitude, and Practice of EBP 
	Satisfaction of the Intervention in the Two Groups 

	Discussion 
	Knowledge of EBP 
	Attitude to EBP 
	Practice of EBP 
	Satisfaction 

	Limitations 
	Conclusions 
	References

