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Application effect of BOPPPS
teaching model on fundamentals
of nursing education: a
meta-analysis of randomized
controlled studies

Yue Li, Xiao Li*, Yan Liu and Yang Li

Nursing College of Yunnan University of Traditional Chinese Medicine, Kunming City, China

Background: BOPPPS (bridge-in, learning objective, pretest, participatory
learning, posttest, and summary) is a student-centered, closed-loop teaching
model that emphasizes real-time communication and feedback.

Objectives: The purpose of this study was to review and evaluate the effect of
BOPPPS teaching model in “Fundamentals of Nursing” teaching.

Methods: We conducted a meta-analysis of randomized controlled trials (RCTs)
based on the BOPPPS teaching model in "Fundamentals of Nursing” teaching.
To review domestic and foreign databases for the period 2010 to September
2023. Finally, 13 RCTs were included and the teaching outcomes were
measured and analyzed. Two researchers independently identified, selected,
and extracted data from the study and examined the risk of bias. The primary
outcomes were students’ examination scores (theoretical scores: scores
obtained in the nursing fundamentals course, reflecting students’ understanding
and mastery of the course content; practical scores: assessment results based
on practical application or experimental skills, evaluating students’ practical
skill level). The secondary outcomes were self-learning ability score: indicators
assessing students’ self-directed learning ability, reflecting their competence
in independent learning and autonomous exploration; and satisfaction rate
of teaching effect: the overall satisfaction rate of students with the teaching
effects experienced during teaching process reflects the proportion of students’
acceptance and satisfaction with the teaching program. The results were
evaluated using the Grading of Recommendations, Assessment, Development,
and Evaluations (GRADE) profiler software. The GRADE profiler software is used
to assess and grade the recommendations according to the GRADE (Grading of
Recommendations Assessment, Development, and Assessment) criteria.

Results: A total of 13 studies were included, consisting of 2,991 nursing students.
Among them, 1,465 students were in the BOPPPS teaching group, while 1,526
students were in the traditional teaching group. The summary analysis of the
main outcomes showed that the BOPPPS teaching model had significantly higher
scores in theoretical score (MD = 3.35, 95% Cl: 2.35-4.35, Z=6.56, p <0.00001),
practice score (MD =4.50, 95% Cl. 1.95-7.05, Z=3.45, p=0.0006), and self-
learning ability score (MD=6.76, 95% CI: 538-8.14, Z=9.60, p<0.00001)
compared to the traditional teaching group. The satisfaction rate of students
in the BOPPPS teaching group regarding teaching effectiveness was 89% (95%
Cl=0.84-0.93). The differences were statistically significant (p<0.05). The
GRADE evidence level for theoretical score and satisfaction rate of teaching
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effect is low. The evidence level for practice score is very low, and for self-
learning ability score is moderate.

Conclusion: The BOPPPS teaching mode is helpful to improve the theoretical
score, practice score, and self-learning ability score of “Fundamentals of
Nursing,” and improve the satisfaction rate of students to the teaching effect.
The teaching effect is better than the traditional teaching method.

KEYWORDS

BOPPPS (bridge-in), teaching model, “Fundamentals of Nursing” education, meta-
analysis, GRADE quality evaluation

Introduction

The goal of nursing education is to cultivate comprehensive and
applied talents with diversified abilities (1). With the development of
societal disciplines, there is an increasing demand for higher-quality
nursing professionals. Therefore, it is particularly important to focus
on how to cultivate high-quality nursing professionals. “Fundamentals
of Nursing” is one of the most basic and important core courses in
the curriculum system of nursing, and it is the basis of all professional
courses (2). This course aims to not only develop students’ basic
nursing knowledge and skills but also emphasize the cultivation of
their abilities in problem-solving, critical thinking, and judgment (3).
The goal is to enable students to apply fundamental theories and skills
flexibly in clinical nursing, playing a crucial role in nursing education
and teaching. The course “Fundamentals of Nursing” covers a wide
range of content and requires students to have a high level of
theoretical learning and practical skills. However, compared to other
disciplines, the content of this course is more abstract and the
knowledge points are more complex, making it challenging for
students to learn (4).

Traditional nursing education often relies on a teacher-centered
approach, where students passively receive knowledge, resulting in a
lack of teacher-student interaction (5). This teaching method hinders
students’ ability to think critically and fails to stimulate their
independent learning capabilities. Most students lack critical thinking
skills during their learning process and fail to integrate theoretical
knowledge with practical knowledge through real-world clinical case
studies. As a result, when they enter the clinical practicum, they often
realize that they have not truly understood many of the procedures
taught in the classroom and struggle to adapt to the demands of
clinical nursing work (6). In recent years, although medical schools
have gradually adopted diversified teaching methods (7, 8), there are
still some problems, such as the large amount of information in
classroom lectures and the lack of interaction between teachers and
students, which cannot effectively solve the problem of the disconnect
between theory and clinical practice in teaching (9, 10). As nursing
is a practice-oriented field within medicine, it requires a combination
of theoretical knowledge and clinical skills. In nursing education,
deficiencies in the teaching and learning process, lack of perceived
professional support, and disparities between simulated and real
clinical practice can hinder students from effectively applying
theoretical knowledge in clinical settings (11). Nursing educators
have recognized the gap between theory and practice and actively
seek solutions. For instance, telemedicine education (12), virtual
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reality technology education (13), gamified education (14), and
simulation-based teaching (15) have shown promising teaching
outcomes to some extent. However, implementing these teaching
models still faces challenges. Firstly, substantial investment in
equipment and technological support is required. Secondly, adequate
space and facilities are needed for simulation teaching. Additionally,
a competent faculty is essential, with instructors possessing relevant
skills and knowledge to effectively utilize teaching technologies and
tools. Due to these constraints, the comprehensive implementation
of these teaching models becomes challenging.

BOPPPS teaching mode also known as guided learning
interactive additive education (16), was initially developed for teacher
skill training to enhance teaching effectiveness and instructors’
teaching skills. It is a closed-loop instructional design model based
on constructivism theory (17). The BOPPPS teaching model divides
classroom instruction into six modules: Bridge-in, Objective,
Pre-assessment, Participatory Learning, Post-assessment, and
Summary. B (Bridge-in) is the introductory phase of classroom
teaching where students’ attention is captivated through problem-
based introduction, aiming to stimulate students’ interest in learning.
O (Objective) refers to the achievable and assessable learning
objectives set for students at different levels. P (Pre-assessment) is a
diagnostic assessment conducted before the lesson to help teachers
understand students’ current learning status and make necessary
adjustments to the teaching content and pace. P (Participatory
Learning) involves interactive and collaborative learning activities
between teachers and students to achieve the learning objectives. P
(Post-assessment) refers to the testing or evaluation of students at the
end of the lesson to assess the effectiveness of teaching. S (Summary)
involves summarizing the key points and concepts covered in the
lesson (18).

In the past decade, there has been an increasing amount of
research on BOPPPS in nursing education, including areas such as
medical nursing (19), surgical nursing (20), health assessment (21),
and nursing management (22). These studies indicate that the BOPPS
teaching model has a positive impact on students academic
performance, self-directed learning abilities, and satisfaction with
their learning, compared to control groups receiving traditional
teaching methods. In the application of the BOPPPS teaching model
in nursing education, most of the studies have small sample sizes and
lack RCTs. There is no high-level evidence comparing the instructional
effectiveness of the BOPPPS teaching model to other teaching
methods in nursing education. To understand the practical
significance of this model in the foundational nursing courses, this
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systematic review aims to evaluate the impact of the BOPPPS teaching
model on the effectiveness of teaching in “Fundamentals of Nursing”
courses, including the theoretical score, practice score, self-learning
ability score, and satisfaction rate of teaching effect.

Methods

This systematic review and meta-analysis are conducted based on
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) tool proposed by Page et al. (23). PRISMA is a set
of evidence-based minimum items for reporting in systematic reviews
and meta-analyses. The completed PRISMA checKklist is provided as
Supplementary material. Additionally, this review is conducted
following the guidelines of the Cochrane Systematic Review and
Intervention Manual but is not registered in a protocol (24).

Search strategy

The literature search was conducted from January 2012 to
September 14, 2023, using the following databases: PubMed, Web of
Science, Embase, and the Cochrane Library. English keywords used for
the search included BOPPPS (bridge-in, learning objective, pretest,
participatory learning, posttest, and summary) and “Fundamentals of
Nursing” education. Additionally, Chinese databases including CNKI,
WanFang Data, and VIP were searched. Chinese keywords used for the
search included BOPPPS, interactive additive education, and
“Fundamentals of Nursing” MeSH terms or titles or abstracts were
used for the English database search, while subjects or titles or abstracts
were used for the Chinese database search. The search strategies for
different databases are provided as Supplementary material.

Inclusion and exclusion criteria

Inclusion criteria

This study developed search strategies based on the PICOS criteria
(Population, Intervention, Comparison, Outcome, and Study Design)
(Table 1).

Exclusion criteria
(1) Observational studies or non-randomized controlled studies.
(2) Not in the field of “Fundamentals of Nursing” education.
(3) No reporting of quantitative outcomes.

TABLE 1 Inclusion criteria based on PICO in this systematic review and
meta-analysis.

Population = Students receiving “Fundamentals of
Nursing” education in medical school

Intervention BOPPPS teaching model

Comparison Conventional Teaching Group

Outcomes Primary: Theoretical score; Practice score
Secondary: Self-learning ability score; Satisfaction rate of
teaching effect

Study design Randomized Clinical Trial (RCT)
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(4) Conference papers.
(5) Non-Chinese articles, English articles.

Data extraction

We extracted data from the studies based on the Cochrane
Handbook for Systematic Reviews of Interventions (25). Two
reviewers (YuL and Yal) independently screened the titles and
abstracts of the included studies. Disagreements were resolved by
discussion with a third researcher (YaL). The following information
was extracted from each study: first author name, publication year,
sample size, intervention measures, final scores, measurement time
point, and learning outcomes.

Risk of bias assessment

Two researchers independently assessed the quality of the
included studies using the Cochrane Risk of Bias Tool (24). The
evaluation criteria included the randomization process, deviation
from intended interventions, missing outcome data, measurement of
the outcome, and selection of the reported result. When there were
disagreements, a third researcher was consulted for discussion. Each
item was assessed in three categories: low risk, high risk, and unclear.
If all the included literature items met the criteria for low risk (Grade
A), some items met the criteria for low risk (Grade B), and each item
failed to meet the criteria for low risk (Grade C), they were excluded.
A funnel plot was employed to assess publication bias.

Study quality

The included studies in this article are all RCTs. The quality of
evidence for the outcome measures studied was further graded using
the GRADE criteria (26). RCTs are considered the highest level of
evidence, and the grading takes into account five factors: risk of bias
in the studies, directness of the evidence, inconsistency of effect
estimates (heterogeneity), precision of the effect estimates, and risk of
publication bias. These factors are assessed to determine any
downgrading or upgrading of the evidence quality.

Statistical analysis

Meta-analysis was performed using Rev. Man 5.4 and Stata 17.0
software. For continuous data, such as theoretical score, practice score,
and self-learning ability score, the standardized mean difference (MD)
and corresponding 95% confidence interval (CI) were used to estimate
the effect size. For categorical variables, such as the satisfaction rate of
teaching effect, the relative risk (RR) and 95% CI were used for
statistical evaluation. Heterogeneity tests were conducted for each
study result. If I <25%, it suggests low heterogeneity; if I>=25-75%,
it suggests moderate heterogeneity; if I?>75%, it suggests high
heterogeneity (27). If <50%, a fixed-effects model was used for
analysis, indicating low to moderate heterogeneity or no statistical
heterogeneity in the studies. If I >50%, a random-effects model was
used for analysis.
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Results
Search results

A systematic search was conducted for both Chinese and English
articles from January 2012 to September 14, 2023. The initial search
yielded 44 relevant articles, and after removing 23 duplicate articles
using Endnote software, 21 articles remained. Upon reviewing the titles
and abstracts, 7 articles were excluded, leaving 14 articles. Through a
snowballing technique, 2 additional articles were identified and
included. A comprehensive review was conducted on the resulting 16
articles, leading to the exclusion of 3 articles due to insufficient data for
extraction (n=1), lack of controlled trials (n=1), and being a review
article (n=1). Finally, based on inclusion and exclusion criteria, a total
of 13 RCTs were included in this meta-analysis (Figure 1).

General characteristics of the included
studies

Table 2 presents the general characteristics of the included studies.
All 13 included RCTs involved in the education of the “Fundamentals

10.3389/fmed.2024.1319711

of Nursing” course, with a total of 2,991 nursing students participating
in the experiments. Among them, 1,465 subjects received BOPPPS
teaching in the experimental group, while 1,526 subjects received
traditional teaching in the control group. All 13 articles included in
the analysis were published in Chinese.

In the experimental group of the included studies, different
learning platforms were used in combination with the BOPPPS
teaching model. Among them, two studies used BOPPPS teaching
approach combined with Presentation-Assimilation-Discussion
(PAD) class teaching methods (29, 33), while five studies were based
on the BOPPPS teaching model using information technology
platforms (31, 32, 36, 37, 40). One study used a flipped classroom-
based BOPPPS teaching model (39), and the remaining five studies
used the BOPPPS teaching method without any additional
intervention measures (28, 30, 34, 35, 38). The control group in all
studies adopted traditional classroom teaching methods.

The meaning of the Learning outcomes column number is:
@course assessment results, students’ satisfaction with the teaching
mode, @self-learning ability, @critical thinking ability, ®humanistic
care ability, ®learning attitude, @learning initiative, ®learning
engagement level, @learning adaptation level, @0Self-directed
learning ability.

Records identified through
database searching (n= 44)
-CNKI(n=18)
-WanFang Data(n=16)
-VIP(n=10)

!

Records screened after duplicates
removed (n=21)

:

Records screened(n=21)

Records excluded
(n=7)

<<

Full text articles assessed
for eligibility
(n=16)

Records from other sources
(n=2)

Full text articles excluded(n= 3)
- not reporting an outcome of interest (

n=1)
-No controlled trials(n =1)
-review(n=1)
Studies included inqualitative
synthesis(n=13)
FIGURE 1
Flowchart of the search strategy.
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TABLE 2 General characteristics of the included studies (n = 10).

Author Sample size Mode of teaching Final test results Measurement Learning
(year) . . . time point outcomes
Intervention Control Intervention Control Intervention Control
group group  group group group group
Zhang 80 80 BOPPPS teaching Traditional 78.99+9.3 77.23+8.78 | Only after @
etal. (28) mode teaching method intervention
Ni (29) 86 95 The teaching Routine teaching 91.37+5.56 86.90+12.74 = Baseline and after
method of method intervention
BOPPPS combined
with PAD class
Bi (30) 67 67 BOPPPS teaching Traditional 78.34 75.29 Only after [00]
mode teaching method intervention
Hao et al. 50 55 BOPPPS teaching Traditional 86.83+2.98 83.22+1.39 | Only after (06
(31) based on teaching method intervention
Xuexitong
‘platform
Zhang 114 112 Based on ‘Rain Traditional 80.22+7.88 77.39+8.65 | Baseline and after [606)
etal. (32) Classroom ‘and teaching method intervention
BOPPPS model
Liu et al. 48 48 The teaching mode | Routine teaching NA NA Baseline and after @e®
(33) based on BOPPPS method intervention
and PAD class
Wang (34) 106 109 BOPPPS teaching Traditional 81.66+6.35 79.61+7.64 | Baseline and after
mode teaching method intervention
Xiaetal. 233 238 BOPPPS teaching Traditional 87.67+6.10 83.62+8.97 | Only after 060,
(35) mode teaching method intervention
Liu et al. 111 110 On the basis of Traditional 80.36+7.77 77.96+9.45 | Only after [©©]
(36) conventional teaching method intervention

teaching, BOPPPS
mold is carried
out.

Type of rain

classroom teaching

Zhou et al. 57 60 BOPPPS teaching Traditional 78.67+8.14 72.67+12.07 | Only after 060)
(37) model based on teaching method intervention

Superstar Learning

Platform
Lietal 261 259 BOPPPS teaching Traditional 77.15+7.03 75.40+6.94 | Only after (0]
(38) mode teaching method intervention
Xuetal 143 187 BOPPPS teaching Traditional 87.41+4.58 85.37+4.92 | Only after [0 )
(39) mode based on teaching method intervention

flipped classroom

Cui et al. 109 106 BOPPPS teaching Traditional 71.11+0.75 62.64+10.72 | Only after [06]
(40) mode, with the teaching method intervention
help of the campus
‘real ‘teaching
platform
Risk of bias in the included studies method of randomization, resulting in an assessment of “unclear” Due

to the possibility of participants and educators being aware of the

The results of the quality assessment for the included studies  assigned interventions during the study, 12 studies (92.3%) (28, 30-
indicated that the overall risk of bias for each included study was  40) were deemed to have allocation bias, assessed as “unclear” Given
considered “low risk of bias” All included studies reported their  the nature of the interventions, blinding of students and teachers
outcome data, but 4 studies (30.7%) (31, 32, 37, 40) did not report the ~ during the study was deemed impractical, resulting in a high-risk
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evaluation for participants and personnel blinding. Five studies
(38.4%) (32, 35, 36, 38, 40) did not report attrition rates, resulting in
an assessment of “unclear” The quality assessment for the included
studies (Figure 2).

Data analysis

Theoretical score

A total of 12 studies (28-32, 34-40) with data related to
Theoretical score were included, involving 1,417 and 1,478 students in
the BOPPPS group and traditional teaching group, respectively.
Compared with traditional teaching, the overall effect size of the 12
studies (MD =3.35, 95% CI: 2.35-4.35, Z=6.56, p <0.00001) indicated
a significant improvement in theoretical score in the BOPPPS teaching
group. Due to significant statistical heterogeneity among the studies

=~ | Allocation concealment (selection bias)

BiJ. 2019

-~ ‘ Random sequence generation (selection bias)

Y

Cui LN et al. 2021

Hao SJ et al. 2023

Liu Q et al. 2023

-~ ‘ ‘ ~ ‘ Incomplete outcome data (attrition bias)

Liu XX et al. 2020

LiY etal.2021

Ni XF. 2022

~ @~ ~
‘ ‘ . ‘ ' ' ‘ ' ' ' ’ ’ ‘ Blinding of participants and personnel (performance bias)

Wang ZY. 2020

Xia ZY et al. 2023

-

XuYZetal 2022

Zhang L etal. 2018

50000 e e e e -

~ |~

Zhang LJ et al. 2019

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ' Selective reporting (reporting bias)

. . ‘ ‘ ‘ ’ ' ’ ‘ . . ‘ ‘ Blinding of outcome assessment (detection bias)
® 0O OO OO O OO S ® @ otrebvas

® > 00> 0e-

-
Y

Zhou Q et al, 2023

FIGURE 2
Risk of bias of included RCTs with the Cochrane RoB2 tool.
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(p<0.00001, I*=83%>50%), a random-effects model was used for the
meta-analysis (Figure 3).

Practice score

A total of 7 studies (28, 29, 31, 34, 35, 38, 40) with data related to
practice score were included, involving 925 and 942 students in the
BOPPPS group and traditional teaching group, respectively.
Compared with traditional teaching, the overall effect size of the 7
studies (MD =4.50, 95% CI: 1.95-7.05, Z=3.45, p=0.0006) indicated
a significant improvement in practice score in the BOPPPS teaching
group. Due to significant statistical heterogeneity among the studies
(p<0.00001, I*=98% >50%), a random-effects model was used for the
meta-analysis (Figure 4).

Self-learning ability score

A total of 8 studies (29, 31-34, 37, 39, 40) with data related to self-
learning ability score were included, involving 824 and 882 students
in the BOPPPS group and traditional teaching group, respectively. In
this meta-analysis, the overall effect size of the 8 studies (MD =6.76,
95% CI: 5.38-8.14, Z=9.60, p<0.00001) indicated a significantly
higher self-learning ability score in the BOPPPS teaching group
compared to the traditional teaching group. Due to moderate
statistical heterogeneity among the studies (p=0.0006, I*=73>50%),
a random-effects model was used for the meta-analysis (Figure 5).

Satisfaction rate of teaching effect

A total of 7 studies (28, 30-34, 38) related to the Satisfaction rate
of teaching effect were included. Since only data on teaching
satisfaction from the BOPPPS group were available in the included
studies, a single proportion analysis was conducted using Stata 17.0
software. The results showed that the satisfaction rate of teaching
among students in the BOPPPS group was 89% (95% CI=0.84-0.93).
Due to significant statistical heterogeneity among the studies
(p=0.000, I*=89%>50%), a random-effects model was used for the
meta-analysis (Figure 6).

Publication bias

According to the Cochrane Handbook standards, fewer than 10
studies were included in the literature review on self-learning ability
score, practice score, and satisfaction rate of teaching effect, making it
impossible to conduct a funnel plot test for publication bias. Therefore,
a funnel plot was created to assess publication bias for the theoretical
score, which is a major objective evaluation indicator. The results
showed that the funnel plot was generally symmetrical, with evenly
distributed scatter points, indicating the credibility and reliability of
the conclusions drawn from this study (Figure 7).

Rating the quality of evidence

The included studies were RCTs, which represent the highest level
of evidence. The GRADE evidence level for theoretical score and
satisfaction rate of teaching effect was low. The evidence level for
practice score was very low, and the evidence level for self-learning
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Heterogeneity; Tau® = 2.21; Chi* = 66.27, df = 11 (P < 0.00001); I* = 83%
Test for overall effect: Z = 6.56 (P < 0.00001)

FIGURE 3

Experimental Control Mean Difference Mean Difference
—Study or Subgroup _Mean _ SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random.95%Cl
BiJ. 2019 86.36 1.35 67 8145 135 67 11.5% 4.91[4.45,5.37] 2
Cui LN et al. 2021 62.71 1161 109 5561 1276 106 52% 7.10 [3.84, 10.36]) e
Hao SJ et al. 2023 86.83 298 50 8322 1.39 55 10.8% 3.61[2.71,4.51] o
Liu XX et al. 2020 8036 7.77 111 8036 777 110 7.9% 0.00 [-2.05, 2.05) T TR
Li Y et al.2021 60.56 9.56 261 5897 856 259 9.2% 1.59[0.03, 3.15] B
Ni XF, 2022 8257 44 86 7825 4.2 95 9.9% 4.32 [3.06, 5.58] B
Wang ZY. 2020 8166 635 106 7961 764 109 83% 2.05[0.17, 3.93] [,
Xia ZY et al. 2023 81.18 923 233 76.09 11.17 238 84% 5.09 [3.24, 6.94] Fr s
Xu YZ et al. 2022 87.41 458 143 8537 492 187 10.5% 2.04 [1.01, 3.07) P
Zhang L etal. 2018  76.91 71 80 7445 106 80 6.1% 246 [-0.34, 5.26] i —
Zhang LJetal. 2019 8022 788 114 7739 865 112 7.6% 2.83[0.67,4.99] =
Zhou Q etal. 2023 7867 8.14 57 7267 12.07 60  4.5% 6.00 [2.29, 9.71] T T
Total (95% ClI) 1417 1478 100.0% 3.35 [2.35, 4.35) . ’ ) .

Forest plot of theoretical score for BOPPPS compared with the traditional teaching group.

}
-20 -10 0 10 20
Favours [experimental] Favours [control]

Experimental Control Mean Difference
CuilNetal.2021 9074 252 109 7907 599 106 146% 1167 [10.44,12.90] e
HaoSJelal 2023 9975 089 50 902 149 55 150%  373[3.27,4.19] ®

LiY etal 2021 856 306 261 &7.1 627 259 148%  -150[235-065) e
NiXF. 2022 8264 402 86 7799 442 95 146%  465(342,588] el
WangZY.2020 9535 202 106 9331 269 109 150%  205[142 268] -
XiaZYelal 2023 9177 669 233 8734 827 2% 145%  443[307.579] =
ZnangLotal, 2018 8465 1185 80 7745 1162 80 116%  720(356,10.84]

Total (95% CI) 942 100.0% 4.50 [1.95,7.05) -
Heterogeneity: Tau? = 11.22; CH? = 329.16,df = 6 (P < 0.00001); ¥ = 98%
Test for overaleffect: Z = 3.45 (P = 0.0006)

FIGURE 4
Forest plot of practice score for BOPPPS compared with the
traditional teaching group.

ability score was moderate. All studies reported outcome measures
directly. The reasons for downgrading the evidence are as follows
(Table 3).

Discussion

Although the evidence level in the GRADE assessment may
be relatively low, it still provides some evidence regarding the
effectiveness and feasibility of the BOPPPS teaching method. Among
these, randomized controlled trials represent the highest level of
evidence, demonstrating that the included studies support the
effectiveness of the BOPPPS method. This finding is crucial because
randomized controlled trials are the most reliable and trustworthy
method in research design.

Furthermore, evidence of moderate levels suggests that the Self-
learning ability score provides some degree of support for the
effectiveness of the BOPPPS teaching method. Despite the lower
evidence levels for Theoretical score and Satisfaction rate of teaching
effect, intervention studies show that BOPPPS can significantly
improve these scores, with the BOPPPS group’s scores significantly
higher than those of the control group. This indicates that BOPPPS
may have certain benefits in terms of theoretical knowledge
acquisition and teaching effectiveness, despite the exact evidence
level being relatively low. Although the evidence level for practical
scores is extremely low, intervention studies show that the scores of
the BOPPPS group are significantly higher than those of the control
group, suggesting that BOPPPS may have favorable effects in
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practical environments, although more research is needed to
confirm this.

Although the issue of “inconsistency” exists in the GRADE
assessment, it is necessary to consider factors such as the sample size
involved in the study, the level of teachers in the research methods,
curriculum construction, difficulty of assessment, and students’
learning abilities, which may influence the results.

In conclusion, despite the weak evidence level in the GRADE
assessment, it can still be concluded based on the included studies,
moderate evidence levels, and intervention effects that the BOPPPS
teaching method has positive implications for nursing students’
Fundamentals of Nursing courses to some extent. However, more
high-quality research is still needed to provide more compelling
evidence to further support the effectiveness and feasibility of the
BOPPPS method.

The BOPPPS teaching model facilitates
students’ comprehension of theoretical
knowledge

The BOPPPS teaching model, through its comprehensive and
organized structure, greatly facilitates students’ mastery of theoretical
knowledge in nursing. This theoretical knowledge encompasses
nursing science, technology, and theoretical frameworks in practice,
such as understanding human anatomy and physiology, theories
related to diseases and health, various models, and principles of
nursing techniques (41). These form the cornerstone of professional
growth for nursing students or nurses. The BOPPPS model emphasizes
a student-centered teaching philosophy (42). By effectively connecting
three stages: pre-class preview, in-class interactive participation, and
post-class review, it provides students with a planned and systematic
learning process (43). In the pre-class phase, through previewing,
students can better prepare for and understand the upcoming content.
During class, various teaching methods such as group discussions and
scenario demonstrations not only stimulate students’ interest in
learning but also deepen their understanding and mastery of
knowledge. Additionally, classroom discussions and evaluation
sessions enhance students’ learning motivation. Through questioning,
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FIGURE 5

Forest plot of self-learning ability score for BOPPPS compared with the traditional teaching group.

Mean Difference

IV, Random, 95% CI

Mean Difference

10.31 [8.34, 12.28)
8.56 [5.00, 12.12)
7.54 (6.29, 8.79]
6.97 [5.37, 8.57]
5.24 [2.37, 8.11]
5.23 [1,07, 9.39]
5.00 [3.57, 6.43]
4,87 [2.81,6.93)

—_—

g—
—
g
gp—
—_—
—
——

L 2

-10 0 10 20
Favours [experimental] Favours [control]

6.76 [5.38, 8.14]
:
t

-20

Study

Bi J (2019)

Hao SJ et al (2023)

Liu Q et al (2023)

Li'Y etal (2021)

Wang ZY (2020)

Zhang L et al (2018)

Zhang LJ et al (2019)

Overall (I-squared = 89.0%, p = 0.000)

NOTE: Weights are from random effects analysis

ES (95% CI) Weight

1

1
|- 0.94(0.90,098) 14.87

1

1
—&-  085(0.78,092) 12.24

1

1

1
1=~ 0.95(0.91,0.99) 14.58

1

1

1
'®  092(0.90,094) 16.09

1

1
& 091(0.87,095) 15.04

1

1

1
—— i 0.66 (0.59, 0.73) 175

1

3

1
14 0.93(0.90,096) 15.43

1
@ 0.89 (0.84, 0.93) 100.00

T
-.994 0

FIGURE 6
Meta-analysis of the satisfaction rate of teaching effect in BOPPPS group.

.994

problem-solving, and immediate feedback from teachers, students’
abilities and confidence in autonomous learning are enhanced. After
class, by completing assignments and quizzes, students can self-assess
their learning outcomes, and identify and fill in knowledge gaps, thus
forming an effective learning cycle.

The BOPPPS teaching model is
advantageous in strengthening students’
proficiency in practical skills

The level of practical skills refers to the skill level and ability
demonstrated by nursing students in nursing practice operations or
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actual clinical work (44). This includes but is not limited to, abilities
in patient care procedures, correct usage of medical equipment,
emergency treatment, patient observation, and evaluation of
conditions (45). The level of practical skills directly impacts the quality
of work for nursing professionals and the effectiveness of patient care
(46). The BOPPPS teaching model is advantageous in facilitating the
mastery of theoretical knowledge and enhancing skill levels. The
pre-test and post-test of this teaching model serve to develop students’
independent thinking abilities while also enabling them to address any
knowledge gaps they may have missed, thereby enhancing their
comprehension and mastery of the subject (17). In class, students
learn through discussions and actively engage in discussions as part
of their learning process. The integration of these two aspects
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Funnel plot of theoretical score for BOPPPS compared with the
traditional teaching group.

promotes a thorough understanding and solidification of knowledge
for students (47). Building upon a solid theoretical framework,
students delve into the intricacies of practical implementation through
activities such as group discussions, presentations, and comprehensive
evaluations. Moreover, having thoroughly examined the operational
aspects and laid out initial procedures beforehand, students develop a
high level of proficiency and the adaptability required to apply this
knowledge across diverse clinical settings. Consequently, there is a
seamless transition from theory to practice (48) yielding substantial
improvements in their hands-on capabilities and analytical problem-
solving aptitude. Ultimately, this translates into an elevated mastery of
practical skills.

The BOPPPS teaching model is
advantageous in strengthening students’
ability for independent learning

The ability for self-directed learning refers to an individual’s
capacity during the learning process to autonomously and actively
engage in learning activities, including setting goals, developing study
plans, acquiring information, problem-solving, reflection, and
evaluation (49). This ability enables individuals to efficiently acquire
the necessary knowledge and skills and to adapt and develop within
constantly changing learning environments (50). Conventional
teaching methods are limited in their ability to cultivate students’
self-directed learning skills, manifesting primarily in insufficient
motivation levels (19). Typically, students rely on educational
management from their schools and teachers, thereby lacking a sense
of accountability and exhibiting poor self-control and self-
management strategies (51). By comparison, control groups tend to
adopt a passive approach to learning and often struggle with
boredom, leading to low motivation and minimal levels of initiative
during the learning process. The BOPPPS teaching model is rooted
in promoting students’ independence (52). It places great emphasis
on students autonomously obtaining pertinent learning information
through various means, including pre-class readings, in-class group
discussions, and post-class reinforcement activities (53). As students
engage in this process, their capabilities in information acquisition
and processing steadily enhanced

improve, leading to
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self-management skills and a growing aptitude for self-

directed learning.

The BOPPPS teaching model is
advantageous in enhancing students’
satisfaction with the effectiveness of
teaching

Student satisfaction rate with teaching refers to the ratio or
percentage of the overall satisfaction level of students with the
teaching process. This data is typically obtained through surveys or
evaluations of students. The level of student satisfaction with
teaching reflects the proportion of their approval and satisfaction
with the teaching program (54). The BOPPPS teaching model
emphasizes equality between teachers and students, with the latter
serving as the main agents of learning (55). It promotes self-directed
learning, thereby enabling students to transform from passive
learners to active ones. Through class activities that encourage
student-to-student and teacher-to-student interactions, the
traditional teaching approaches have been disrupted, creating a
stimulating and energetic classroom environment (56). Such an
atmosphere enhances students’ participation in educational
activities, facilitating the development of their overall skills, and
elevating their interest and productivity levels. Students value classes
filled with interactive and engaging content, showing a willingness
to actively participate in educational endeavors, thereby elevating
their satisfaction with the quality of teaching.

Limitations of BOPPPS teaching mode in
fundamentals of nursing education

The BOPPPS model has the following limitations: (1) Despite
its widespread application in the field of education, there is
relatively little specific research on its effectiveness in Fundamentals
of Nursing education, and a lack of sufficient empirical studies may
restrict understanding of its actual impact in nursing curricula. (2)
The inclusion of studies with short implementation periods and
small sample sizes may affect understanding of whether this
teaching model is suitable for widespread adoption in nursing
education. (3) The heterogeneous nature of the BOPPPS
intervention measures used in studies may make comparative
results difficult. (4) Effective implementation of the BOPPPS
method may require teachers to undergo appropriate training.
However, the methods and levels of nursing teacher training
included in the studies vary, which may affect the results and lead
to heterogeneity. (5) The BOPPPS method may consume more
resources than traditional teaching methods, as it requires
additional planning, preparation, and teacher support.

Limitations of research and analysis

The analysis presented in this article has some limitations. (1) The
studies ultimately included in the analysis were all conducted in
China, with participants consisting solely of Chinese students. This
may reduce the representativeness and generalizability of the results.
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CI, confidence interval; RCT, randomized trials. GRADE Working Group grades of evidence. High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate quality: Further research is likely to have an important impact on

our confidence in the estimate of effect and may change the estimate. Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. Very low quality: We are very uncertain about

the estimate. *I* >75%.

"The overlap is not good.

P >50%.

10.3389/fmed.2024.1319711

(2) Based on the scientific nature of the study, researchers should
strive to minimize implementation bias in quasi-experimental
research to accurately determine the impact of teaching models on
student learning outcomes. However, implementing blinding
procedures for research participants during the teaching process is
impractical because the instructional mode employed cannot
be concealed from the students. Therefore, blinding the students
presents significant challenges. (3) There is significant heterogeneity
among the studies included in this analysis, which may be attributed
to factors such as differences in teaching qualifications, course design,
assessment difficulty, and variation in learning abilities. This poses a
challenge to conducting a systematic meta-analysis. (4) The quality
of a meta-analysis relies on the quality of the data from included
studies. As the quality of the included literature is relatively low and
the sample sizes are limited, there is a need for more publications and
the inclusion of large-scale, multicenter, and high-quality studies. (4)
There is currently no standard guideline for the application of
BOPPPS in medical disciplines in China, nor are there effective
criteria for evaluating the BOPPPS teaching model.
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