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ABSTRACT

Aim: To identify current knowledge on applying teaching models to foster creativity in nursing students through a systematic
literature review and Bayesian network meta-analysis.

Background: Nursing requires adaptability while facing the challenge of the holistic patient care approach, expecting nurses to
exhibit creative thinking beyond routine practice and predefined protocols. Studies advocate for innovative pedagogical meth-
ods to cultivate creativity in nursing, potentially surpassing conventional lectures in effectiveness. During at least two decades,
various interrelated teaching models have emerged. Yet, their efficacy varies and requires validation. This study summarized
randomized controlled trials comparing teaching models' efficacy in fostering creativity in nursing students.

Design: Network meta-analysis of randomized controlled pilot studies. In the literature review, PubMed, Embase, Scopus,
Cochrane Library, Web of Science, ScienceDirect and major scientific websites were screened.

Method: Randomized controlled trials of students majoring in nursing (junior, undergraduate and graduate) were included.
Studies including multiple treatments at the same time in the same group or comparing variants of the same intervention were
excluded. The primary endpoint was the score of creativity. This meta-analysis adhered to the PRISMA statement, the PRISMA
network meta-analysis extension statement and the Cochrane Collaboration recommendations (PRISMA checklist). WinBugs
and Stata software were the primary tools employed for conducting network analyses, standardized pairwise comparisons and
sensitivity analyses.

Results: Sixty-three studies, including 23 teaching models, were identified. Theory, drill, practice, combine (TDPC) (sur-
face under the cumulative ranking curve [SUCRA]=98.3%), Six Thinking Hats (SUCRA =94.8%) and 3D printing models
(SUCRA =88.4%) than other teaching models were associated with a higher probability of scoring higher in creativity. Treatment
ranking indicated that TDPC had the highest probability of being the most effective for scoring higher in creativity. However, the
comparative efficacy of TDPC, Six Thinking Hats and 3D printing models was similar for scoring in creativity (mean difference
4.70, 95% credible interval —7.99 to 17.31; mean difference 9.18, 95% credible interval —3.54 to 21.72). Neither sensitivity analysis
nor metaregression analysis demonstrated any significant heterogeneity in either scenario.

© 2025 John Wiley & Sons Australia, Ltd.
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Conclusion: As a result of the network meta-analysis, it was identified that TDPC, Six Thinking Hats and 3D printing models

seem more adequate than other new-generation teaching models in terms of efficacy while generating potentially improved nurs-

ing students’ decision-making and problem-solving skills through theoretical learning, skill practice, role-playing and teamwork,

fostering creative thinking and innovation. Hence, evidence suggests that these methods can be used as a standard comparator

in teaching experiment research to increase the real-world applicability of the results.

Summary

What Is Already Known About This Topic?

« Nursing requires adaptability while facing the chal-
lenge of the holistic patient care approach, expecting
that nurses exhibit creative thinking beyond routine
practice and predefined protocols. Previous studies
advocate for innovative pedagogical methods to cul-
tivate creativity in nursing and potentially surpassing
conventional lectures methods. For over two decades,
various interrelated teaching models have emerged.
Yet, their efficacy varies and many still require
validation.

What This Paper Adds?

« This study summarized randomized controlled tri-
als comparing teaching models’ efficacy in fostering
creativity in nursing students. This is a scarce type of
study as applied to better understand the role of crea-
tivity in nursing education.

The Implications of This Paper:

« International evidence indicates some level of scale
bias in different teaching modes, leading to concerns
regarding the potential impact of scale standards on
teaching publications. One main implication is the
need to promote an international debate on the need
to revise and harmonize the use of scales adopted in
evaluating nursing education, namely, the promotion
of creativity and related skills.

1 | Introduction

What is the relationship between teaching models and creativity
in nursing education?

Nursing is a profession that frequently acts in unexpected sit-
uations and involves providing holistic care for patients with
different health conditions. Hence, nurses must be able to go
beyond routine nursing and develop creative thinking to make
beneficial decisions (Chan 2013). The term ‘Creativity’ is used
to refer to the ability to generate new ideas, start something
new or solve complicated problems in creative ways (Beitz and
Wolf 1997). Scholars (Z. Zhang et al. 2016) have made contri-
butions to developing students’ critical thinking. However, few
studies have been conducted to explore learners' creativity in
nursing education, particularly in Chinese contexts. Munir and
Awan (2022) and Yang and Hung (2021) suggested that creative

thinking should be valued and evenly balanced with critical
thinking to tackle new and unique clinical conditions.

Beitz and Wolf (1997) and X. Ma et al. (2018) proposed that
using creative teaching approaches at school or the workplace
can foster nurses' and nursing students’ creativity and enhance
the productivity of traditional lecture approaches. Other au-
thors (Chan 2013) identified studies that discussed the concept
of creative thinking in nursing education or reported a strat-
egy that improved students’ creative thinking and group work,
while improving student creativity in nursing education. Other
studies have suggested that artistic expression, self-directed
learning and teamwork can boost nurses' and students’ creativ-
ity and yield positive outcomes (X. Ma et al. 2018). A qualitative
study investigated how nurses perceive and experience creativ-
ity in clinical settings, demonstrating its benefits for patients,
nurses, their colleagues, hospitals and universities (Shahsavari
Isfahani et al. 2015). In summary, the design of an instructional
model should integrate students’ psychological attributes and
social contexts to optimize teaching and learning outcomes.

Analysis of existing nursing education literature reveals other
ongoing challenges in training objectives, faculty, teaching
methods and evaluation, including a theory-practice gap and
curriculum flaws. In the past 20years, several teaching models
have emerged to enhance the creative ability or creative think-
ing of students, many of which are structurally interrelated and
have similar mechanisms of action. However, the validity of
these teaching models in terms of efficacy remains uncertain
and in need of further evidence. To transform nursing educa-
tion's design thinking, we need tools and knowledge that foster
creativity and innovation. Fostering the skilful and inspired ap-
plication of creative strategy to solve problems by using teaching
models is one approach to tackle this challenge.

We have assumed the following definitions for this research:
Creativity is the interaction among aptitude, process and envi-
ronment by which an individual or group produces a perceptible
product that is both novel and useful as defined within a social
context (Plucker et al. 2004). Teaching models are relatively sta-
ble frameworks and procedures constituting teaching activities
under the guidance of certain teaching ideas and theories, which,
as frameworks, highlight the relationship and function between
the whole teaching activity and its elements and, as procedures,
emphasize orderliness and operability (Joyce and Calhoun 2024).

Existing research has highlighted creativity's significance in
nursing practice, explored preliminary pedagogical strate-
gies for fostering creative thinking and recognized structured
teaching models' potential to enhance such abilities. However,
a critical gap persists: Despite two decades of creativity-oriented
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teaching models, their efficacy, structural interconnections
and mechanisms lack sufficient empirical validation, with un-
certain validity requiring further evidence. This study employs
Bayesian methods uniquely suited to integrating prior evidence
with new data, quantifying uncertainty and modelling complex
variable interrelationships—to evaluate these models' effective-
ness, addressing current ambiguities in their mechanisms and
comparative efficacy to yield robust insights for evidence-based
nursing education improvements.

2 | Methods

This study reports an overview of all randomized controlled
trials that compare teaching models in terms of efficacy in
enhancing the creative ability or creative thinking of nurs-
ing students. Network meta-analysis, also known as mixed
treatment comparison (MTC) meta-analysis, is a method that
expands pairwise meta-analysis by incorporating more intri-
cate data structures, which enables enhancing inference on
treatment effectiveness by integration of direct and indirect
comparisons and facilitating simultaneous inference on all
treatments to select the best option (Lu and Ades 2004). The
aim of our study is to provide a clinically useful summary of
the results of the network meta-analysis that can be used to
guide teaching decisions.

In Bayesian statistics, the Markov chain Monte Carlo (MCMC)
method is a powerful computational technique for drawing
samples from complex posterior distributions. The Brooks-
Gelman-Rubin (BGR) method assesses MCMC convergence by
comparing multiple independent chains' posterior distributions
to see if they converge to the target distribution. Node splitting
is a method used to evaluate model assumptions, especially in
Bayesian networks. By dividing the network nodes into sub-
nodes, a more detailed model evaluation of assumptions and pa-
rameters is possible, thus facilitating problem identification and
more precise parameter estimation.

2.1 | Data Sources and Study Strategy

This meta-analysis adhered to the PRISMA statement, the
PRISMA network meta-analysis extension statement and the
Cochrane Collaboration recommendations (PRISMA check-
list) (Higgins et al. 2011; Hutton et al. 2015; Moher et al. 2009).
Randomized controlled trials comparing at least two different
teaching models were searched in PubMed, Embase, Scopus,
Cochrane Library, Web of Science and ScienceDirect elec-
tronic databases, as well as major scientific websites (Www.
clinicaltrials.gov). Abstracts and presentations from major
educational conferences were reviewed. The electronic search
process was complemented by exploring the bibliography of
relevant nursing education reviews and key teaching model
publications.

The web appendix details the subject headings used for study
identification. No language restrictions or filters were applied.
The search was conducted from the inception date of the data-
bases until 27 April 2023.

2.2 | Selection Criteria and Study Design

Inclusion criteria were as follows: randomized controlled trials
of students majoring in nursing; students of any educational
level; and the primary endpoint was the score of creativity, irre-
spective of the creativity scale used. While enriching the study
with diverse data and perspectives, inconsistencies in scales and
scoring may hinder the comparability of findings.

The exclusion criteria applied were comparison between vari-
ants of the same type of teaching model (same treatment group)
and studies involving combinations of multiple treatments
within the same group simultaneously; to ensure accurate re-
sults, studies with incomplete data, missing outcome measures
or duplicate publications were also omitted.

Three reviewers independently conducted searches and
screened retrieved records at the title and abstract level. Full-
text eligibility for identified studies is assessed by the same three
reviewers, and discrepancies are resolved by consensus under
the supervision of two additional investigators. Before statistical
analyses, we evaluated the quality of the study design and meth-
ods using the risk of bias tool recommended by the Cochrane
Collaboration (Higgins et al. 2011). The data from the original
reports have been carefully compiled and organized into spe-
cific electronic spreadsheets for ease of access and analysis.
Investigators were contacted to provide additional data to sup-
plement incomplete original articles.

2.3 | Patient Involvement

Patients did not play a role in the study, neither in establishing
the research question or outcome measures, nor did they con-
tribute to the study's design and implementation.

2.4 | Statistical Analyses

The study applied the continuous creativity scale score for ef-
ficacy analysis (provided baseline scores, endpoint means and
standard deviations for creativity rating scales such as TCI-C
[Yubo 2012] or Williams Creativity Scale [Xiaoling et al. 2016]).
Intention-to-treat data were utilized in this meta-analysis. The
network meta-analysis was conducted for each endpoint utiliz-
ing random-effects consistency models and was based on ‘node
splitting’, where evidence for a particular comparison (node)
is categorized into ‘direct’ and ‘indirect’ to verify the consis-
tency of direct and indirect evidence (Dias et al. 2010; Lu and
Ades 2006).

First pairwise meta-analyses with the weighted noniterative
method estimating the overall treatment effect were undertaken
(DerSimonian and Laird 1986). The pooled estimates in the fre-
quentist framework were represented by summary mean differ-
ences (MDs), along with their corresponding 95% confidence
intervals. The study examined global heterogeneity using forest
plots and the I? statistic, with inconsistency considered signifi-
cant for p values below 0.05. The analyses were conducted apply-
ing Stata Version 17.
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Second, a random-effects model computed with MCMC simula-
tions in WinBUGS, utilizing four chains with overdispersed ini-
tial values, with Gibbs sampling applied with 50,000 iterations
after a burn-in phase of 20,000 iterations was undertaken. The
study assessed the convergence using the BGR method. The data
were inputted following the arm-based approach and modelled
using sample means (i.e., normal likelihood and identity link)
with a normal distribution (Salanti et al. 2008). For each pair of
treatments, the study calculated the posterior mean effect or MD
and determined 95% credible intervals. The methodology also
defined the probability associated with each teaching model as
the most efficacious interventional strategy, as well as second,
third and so on, by calculating the MD for each teaching model
compared to a common control group when significant varia-
tions in treatment effect were observed.

The Q test and I? statistic were applied to grade the observed
variance, which indicated variations in the effect size across the
studies, with the values corresponding to mild (25%), moderate
(25%-75%) and severe (75%) heterogeneity (Higgins et al. 2003).
The calculation was performed to determine the variation of the
true effect size among the studies that were included (Borenstein
et al. 2009).

Finally, the study concluded with an analysis comparing the ef-
fectiveness of 23 different teaching models. By visually inspecting
adjusted comparisons and contour-enhanced funnel plots, we
evaluated publication bias. To investigate how scales affect out-
come estimates, a metaregression analysis was conducted, and it
was complemented with another sensitivity analysis that investi-
gated the influence of a single study on the overall meta-analysis
estimates. All analyses were performed using R (Version 4.1.2),
Stata (Version 17.0) and RevMan (Version 5.4). Figures 1 and 2 de-
scribe the screening process and the weighted network.

3 | Results

3.1 | Systematic Review and Qualitative
Assessment

A total of 63 studies and 23 teaching models were included: Six
Thinking Hats; hands-on inquiry-based learning; maker edu-
cation; instructional system design; problem-based learning;

Records identified through database
and other sources searching (n=2804)

Additional records identified
through other sources (n=8)

| Records screened after duplicates removed (n=1950) |

—

| Studies assessed for eligibility (n=1438) |

Records exluded (n=512) |

Studies not matching with
inclusion/exclusion criteria (n=1375)

Study included in quantitative sythesis (n=63)

FIGURE1 | Systematic search and screening process of studies.

situational teaching mode; case-based learning; mind map;
behaviour-oriented teaching model; evidence-based nursing;
team-based learning; 3D printing models; conceive, design,
implement, operate (CDIO); PDCA cycle; quality control circle;
TDPC; interactive teaching method; four-step cycle teaching
method; microteaching; seminar; project-based learning; heu-
ristic education; and lecture-based learning. Figure 1 shows
each phase of the screening process, and Figure 2 shows the
weighted network. Cochrane's Collaboration Risk of Bias Tool
(Figure S1) indicated that most studies may be affected by per-
formance bias due to open-label design (Higgins et al. 2011).

Table 1 describes the key characteristics of the included studies
(study, age, gender, design and location, treatments, sample size,
education, follow-up length and instruments). The total number
of participants in the 63 studies was 6287, with a sample size rang-
ing from 30 (L. Chen et al. 2021; Lan et al. 2015) to 516 (A. Wang
etal. 2016). Across the 63 studies included participants had a mean
age of 20years and were prevalently female (65%). Fifteen studies
included only women (Che et al. 2020; H. Deng and Zeng 2016; L.
Deng 2014; Fan 2021; M. Li, Peng, and Chen 2019; L. Lv 2021; Q.
Lv et al. 2022; A. Song and Tao 2012; Y. Sun et al. 2013; X. Wang
et al. 2018; W. Wei 2021; Wu et al. 2021; Xin and Wang 2022; C.
Yan et al. 2011; Z. Zhu 2011), and the other studies were mixed
gender. In about 57% of studies, follow-up was performed at the
hospital, while 41% of studies had planned clinical follow-up at
school. Almost 29% of studies included only students with a bach-
elor's degree, nearly 57% included only students with a college
degree, while nine studies included both degrees. In addition,
follow-up periods varied from 1 to 18 months. According to our

Network evidence plot for teaching

FIGURE 2 | Network of interventional treatments included in
meta-analysis. A=situational teaching mode; B=behaviour-oriented
teaching model; C=case-based learning; D=evidence-based nurs-
ing; E=four-step cycle teaching method; F=hands-on inquiry-based
learning; G=maker education; H=microteaching; I=problem-based
learning; J = project-based learning; K=seminar; L= 3D printing mod-
els; M=CDIO; N=heuristic education; O=instructional system de-
sign; P=interactive teaching method; Q =mind map; R=PDCA cycle;
S=quality control circle; T=Six Thinking Hats; U=TDPC; V=team-
based learning; W =lecture-based learning. The area of the circle rep-
resents the sample size of the protocol group, the lines represent head-to-
head comparisons, the line thickness represents the number of studies
and the yellow lines represent the blind method used in the studies.
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quality assessment, all studies were deemed unclear and only one
study employed double blindness.

For creativity assessment, 49 studies used a self-made ques-
tionnaire to assess creativity, 4 studies used TCI-C (H. Hu
and Chen 2017; Q. Liu 2021; M. Wei et al. 2021; C. Xu 2020a)
and 4 studies used the Williams creativity scale (Shi 2020; X.
Xu 2020b; C. Yan et al. 2011; Y. Zhang 2019). Two studies used
a comprehensive competency assessment scale (Che et al. 2020;
Zheng and Wang 2023), and four studies used other creativity
assessment tools, such as the indicator system for evaluating the
creativity of clinical medical students (F. Yan et al. 2019), the
creative behaviour scale (L. Chen et al. 2021), the creativity as-
sessment scale (Bian 2019) and the health education competency
assessment scale (X. Zhu and Huang 2018).

We did direct comparisons (Table 2), showing that efficacy favours
situational teaching mode, case-based learning, evidence-based
nursing, microteaching, problem-based learning, instructional

system design, quality control circle and Six Thinking Hats over
lecture-based learning. These results arise from 63 independent
analyses without adjustment for multiple testing.

3.2 | Bayesian Network Meta-Analyses

In regard to the main outcome indicators (Figure 3), the use of
3D printing models, Six Thinking Hats or TDPC was the most
effective treatments, while the use of lecture-based learning
showed the lowest MD in creativity, followed by project-based
learning. Although the quality control circle showed fewer clear
benefits compared to TDPC, Six Thinking Hats and 3D printing
models, there was still some improvement observed when com-
pared to the four-step cycle teaching method, problem-based
learning, project-based learning and lecture-based learning,
with the credibility interval for SMDs slightly above 0. TDPC
ranked as the best therapy in treatment, but its creativity was
only slightly higher than that of 3D printing models or Six

TABLE 2 | Creativity score for efficacy in meta-analyses of direct comparisons between each pair of teaching models.

Number of studies

Number of patients SMD (95% CI)

Situational teaching mode vs. case-based learning
Situational teaching mode vs. lecture-based learning

Behaviour-oriented teaching model vs. lecture-based
learning

Case-based learning vs. lecture-based learning
Evidence-based nursing vs. lecture-based learning

Four-step cycle teaching method vs. lecture-based
learning

Hands-on inquiry-based learning vs. lecture-based
learning

Maker education vs. lecture-based learning
Microteaching vs. lecture-based learning
Problem-based learning vs. lecture-based learning
Project-based learning vs. lecture-based learning
Seminar vs. lecture-based learning

3D printing models vs. lecture-based learning

CDIO vs. lecture-based learning

Heuristic education vs. lecture-based learning
Instructional system design vs. lecture-based learning
Interactive teaching method vs. lecture-based learning
Mind map vs. lecture-based learning

PDCA cycle vs. lecture-based learning

Quality control circle vs. lecture-based learning

Six Thinking Hats vs. lecture-based learning

TDPC vs. lecture-based learning

Team-based learning vs. lecture-based learning

6 496 ~1.73 (~5.56, 2.09)
7 727 2.55 (1.36, 3.75)
2 282 1.67 (—0.68, 4.01)
1 101 3.37(2.08, 4.67)
9 925 2.13 (1.01, 3.24)
2 110 1.03 (~1.33,3.40)
3 208 1.58 (—0.35,3.51)
6 658 0.65 (~0.71, 2.00)
2 130 2.81(0.40, 5.22)
9 1212 2.29(1.18, 3.41)
2 214 1.30 (~1.05, 3.64)
3 268 0.77 (=1.15, 2.69)
1 66 2.45(=0.90, 5.81)
1 30 1.50 (~1.89, 4.89)
1 80 0.43 (—2.89, 3.75)
1 120 4.34(0.98, 7.69)
1 98 0.92 (=2.40, 4.24)
1 60 1.62 (~1.73, 4.96)
1 102 0.67 (—2.64, 3.99)
1 60 6.31(2.78, 9.84)
1 136 5.92(2.53, 9.30)
1 136 1.28 (=2.03, 4.59)
1 68 0.85 (—2.48, 4.18)

Abbreviations: CI=confidence interval; SMD =standardized mean difference.
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FIGURE 3 | Efficacy of the 23 teaching models. Results are the SMDs in the column-defining treatment compared with the SMDs in the row-
defining treatment. For efficacy, SMDs higher than 0 favour the column-defining treatment. Significant results are in bold and underscored. 3D
PM =3D printing models; BOTM =behaviour-oriented teaching model; CBL =case-based learning; CDIO = conceive, design, implement, operate
model; CI=credibility interval; EBN =evidence-based nursing; FCTM = four-step cycle teaching method; HE =heuristic education; HIBL =hands-
on inquiry-based learning; ISD =instructional system design; ITM =interactive teaching method; LBL =lecture-based learning; ME = maker educa-
tion; MM =mind map; MT = microteaching; PBL = problem-based learning; pbl = project-based learning; PDCA = PDCA cycle; QCC =quality control
circle; SMD =standardized mean difference; STH = Six Thinking Hats; STM =situational teaching mode; TBL =team-based learning; TDPC =theo-

ry, drill, practice, combination model.

Thinking Hats (MD 9.18, 95% credible interval —3.54 to 21.72;
MD 4.70, 95% credible interval —7.99 to 17.31).

The study exhibits the probability distribution (Figure S3) of
each treatment's ranking in the 23 available positions. TDPC,
Six Thinking Hats and 3D printing models were among the most
efficacious treatments. The cumulative probabilities of being
among the top three most efficacious treatments were TDPC
(98.3%), Six Thinking Hats (94.8%), 3D printing models (88.4%),
quality control circle (83.7%), mind map (67.6%), case-based
learning (67.6%), hands-on inquiry-based learning (64.5%),
evidence-based nursing (60.9%), team-based learning (52.9%),
maker education (42.2%), situational teaching mode (41.2%),
seminar (40.8%), problem-based learning (40.4%), instructional
system design (36.6%), CDIO (34.9%), behaviour-oriented teach-
ing model (34.6%), microteaching (34.1%), PDCA cycle (32.9%),
four-step cycle teaching method (32.0%), heuristic education
(31.2%), interactive teaching method (29.3%), project-based
learning (24.3%) and lecture-based learning (16.9%).

These results are based on 171 simultaneous comparisons,
and it is likely that around three statistically significant find-
ings would occur by chance alone. The model converged ade-
quately. Heterogeneity (global I?=3%) was low for creativity.
The deviance information criterion was used to compare and
demonstrate the similarity in model fitting. Loop-specific het-
erogeneity estimates and the node-split analysis showed no sig-
nificant inconsistency in the comparison of situational teaching
mode versus case-based learning or lecture-based learning (IF
1.74, 95% credible interval 0.00-7.02, loop-specific heterogeneity
[22] 2.988).

Sensitivity analyses revealed no significant variations in the
effects of the individual studies on the overall meta-analysis

estimates. And scale bias was not a major factor in the metare-
gression analysis, as SMDs and final rankings remained largely
unchanged.

4 | Discussion

Our analysis was based on 63 studies including 6287 indi-
viduals randomly assigned to 23 different teaching models.
Our meta-analysis is distinct from the earlier study by (X. Ma
et al. 2018), excluding (Ku et al. 2002) due to a self-created
teaching model and limited application scope. Our findings
might help to choose among teaching models for improving cre-
ativity and critical thinking of nursing students. In terms of
response, TDPC, Six Thinking Hats and 3D printing models
were significantly more efficacious than case-based learning,
situational teaching mode, seminar, problem-based learning,
evidence-based nursing, behaviour-oriented teaching model,
hands-on inquiry-based learning, project-based learning,
CDIO model, four-step cycle teaching method, interactive
teaching method, team-based learning, mind map, PDCA
cycle, seminar, heuristic education, instructional system de-
sign, maker education and lecture-based learning. Among
these approaches, 3D printing models did not show statistical
significance in terms of effectiveness when compared to case-
based learning, hands-on inquiry-based learning and semi-
nar. Only TDPC was found to be more effective than mind
map. Direct comparisons showed situational teaching mode,
case-based learning, evidence-based nursing, microteaching,
problem-based learning, instructional system design, quality
control circle and Six Thinking Hats to be more efficacious
than lecture-based learning. Conversely, indirect compari-
sons revealed statistically significant differences between the
3D printing and TDPC models versus the lecture-based model.
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Direct comparisons typically presume study consistency,
while indirect comparisons might need adjustments for base-
line differences, potentially causing biased outcomes.

With low heterogeneity across studies (I?=3%), the included
studies demonstrated considerable homogeneity in clinical,
methodological and statistical aspects. Strict inclusion/exclu-
sion criteria in a uniform RCT design ensured similar baseline
characteristics across studies. The studies concentrated on par-
ticular age ranges of nursing students, with remarkably consis-
tent participant characteristics. At the same time, standardized
outcome indicators in the included studies minimized hetero-
geneity stemming from differing outcome measures. Despite
the low overall consistency, we still performed metaregression
and sensitivity analyses to explore factors that might influence
heterogeneity; however, no significant heterogeneity was found.

In TDPC education model, T refers to theory, D refers to drill,
P refers to practice and C refers to combine. Nursing students
experiences evolve from traditional classroom to social practice
and related activities. The support of ‘Society-School’ system,
the use of Internet means to create an academic atmosphere of
innovation and entrepreneurship, exposes nursing students to
the field of entrepreneurship, and promote the improvement of
the psychological quality of innovation and entrepreneurship,
innovation knowledge and the innovation ability level of nurs-
ing students (D. Li, Lu, et al. 2019). The TDPC model, in line
with constructivist learning theory, fosters active knowledge
building in students through contextually relevant learning
experiences that emphasize learner initiative. Specifically, the
application of the TDPC model to obstetrics and gynaecology
education resulted in increased student interest and improved
performance in teamwork and self-directed learning (D. Li, Lu,
et al. 2019). To promote creative thinking in nursing students,
educators should balance course freedom and guidance to allow
students to develop constructive and useful ideas (Chan 2013).
Six thinking cap is Edward de Bono put forward a thinking
tool, the six colours of the hat represents a parallel six kinds of
thinking, students as the main body of thinking, active learn-
ing, active thinking, the white thinking cap guides nursing stu-
dents to carry out comprehensive nursing assessment, the green
thinking cap guides nursing students to make accurate nursing
diagnosis, the yellow and black thinking caps guide nursing
students to make feasible nursing goals and reasonable nurs-
ing measures and the red thinking cap guides nursing students
to put forward constructive nursing evaluations, which makes
their thinking orderly and creative and effectively improves the
inquiry-based learning ability and innovative thinking ability
of nursing students (F. Yan et al. 2019). Beyond medical edu-
cation, the Six Thinking Hats improves clinical management,
providing a more comprehensive perspective (both theoretically
and practically) compared to other thinking tools. Have staff
walk around the room several times, gathering input by asking
each person to describe the problem from an opposing view-
point (Snow 2019), this creative thinking strategy was used by
nurse leaders to inspiring creativity and innovativeness among
staff. Visualization and interactivity in 3D-printed models sig-
nificantly boost student engagement and creativity. Unlike tra-
ditional flat resources like books and presentations, 3D-printed
models offer a hands-on approach for students to understand
abstract concepts more intuitively. For example, 3D-printed

human organ models help biology students learn more about the
human body (Xia 2019).

Despite the significant role creativity plays in nursing education
and practice, there is a notable lack of research exploring the
creative capacities of nurses and nursing students. In response
to the dynamic nature of healthcare, nursing faculty and pre-
ceptors must actively incorporate creative methods into both
their teaching and practical training to foster the development
of creative thinking and problem-solving abilities among their
students. In order to foster personal growth, students and nurses
should be encouraged to incorporate creative strategies and ac-
tions into their daily routines, thereby cultivating creativity as a
natural and essential aspect of their development.

The meaning of creativity extends to various activities like cre-
ating, making, designing and producing goods. However, the
implementation of creativity in nursing education and nursing
clinical settings is of particular importance. In most health
systems worldwide, the provision of primary healthcare is up
to 80% reliant on nurses; providing a nurturing environment
conducive to creative thinking by nursing educators, nursing
and hospital administrators has a significant impact on nurs-
ing practice, quality of care and organizational performance
(Shahsavari Isfahani et al. 2015). As noted, innovative teaching
models can provide nursing students with creative vision, cre-
ative sensitivity and creative thinking, the ability to generate
new ideas or reconstruction of old ideas and the ability to link
ideas to the selection of new ways of care that lead to successful
decision-making in clinical settings (Cheraghi et al. 2021). It is
an educational guide for future nursing students and nurses to
implement creativity in practice.

National organizations view creativity and innovation as vital
for organizational change. Since 2015, the American Nurses
Association (ANA 2025) has presented awards for nurse-led
initiatives that enhance positive patient outcomes (1). The ANA
helps nurses and nurse-led teams develop device prototypes by
linking them with engineers and designers and providing re-
sources. Essential to a design thinking transformation is access
to the knowledge and tools that spark creativity and innovation.
Innovation empowers today's nurses to move beyond traditional
roles, investigating internal and external influences on pa-
tients and the healthcare systems they are part of (Snow 2019).
Published research reveals a significant discrepancy between
nursing students’ and leaders’ beliefs about the importance
of creativity and their self-reported innovation skills (White
et al. 2016). Building creative and imaginative problem-solving
skills through innovative teaching models is one way.

There is evidence indicating the presence of scale bias in differ-
ent teaching modes, leading to concerns regarding the poten-
tial impact of scale standards on teaching publications. Because
most studies comparing teaching models have used a widely
used scale to assess outcome indicators, this study does not do
so; this might be a source of bias (X. Ma et al. 2018; Z. Zhang
et al. 2016). Some discrepancies existed between some of the re-
sults of the multiple-treatment meta-analysis and those in the
direct comparisons (microteaching, problem-based learning, in-
structional system design, 3D printing models, TDPC, hands-on
inquiry-based learning vs. lecture-based learning). The results
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highlight the potential benefit of incorporating indirect and di-
rect comparisons in this analysis, thereby minimizing the risk of
potential scale bias. Therefore, it is suggested that the scale that
has been widely used to evaluate creativity should be adopted in
future studies to ensure the reliability of the results.

Our analysis suggests that TDPC, Six Thinking Hats and 3D
printing models are better than other new-generation teach-
ing models in terms of efficacy and could be used as a standard
comparator in teaching experiment research to increase the
real-world applicability of the results. By incorporating aspects
from the traditional ‘theory + exercise + practice’ trinity model,
three-dimensional model, ubiquitous learning model and small
and microenterprise business model, the TDPC model estab-
lishes a robust academic environment that nurtures innovation
and entrepreneurship among nursing students, leading to an en-
hanced overall quality (D. Li, Lu, et al. 2019). The six thinking
hats revolve around creative thinking, showcasing new perspec-
tives through the various coloured hats (Cui and Shi 2010; F. Yan
et al. 2019). The focus of advancements in 3D printing education
in medicine lies in maker spaces, which utilize digital tools and
resources to address programmes and ideas for innovative ex-
periments (J. Sun et al. 2015). Due to the limited scope of our
study’s reported outcome indicator, we plan to conduct future
studies to gather additional data that will enhance the guidance
of instructional applications.

4.1 | Limitations

The limitations outlined below should be considered when in-
terpreting the results of our meta-analysis. First and foremost,
a meta-analysis elucidates the limitations of the studies incor-
porated. To mitigate this inevitable limitation, only randomized
controlled trials were incorporated. The majority of studies in-
cluded in our analysis did not provide sufficient information on
randomization and allocation concealment, potentially com-
promising the credibility of the overall findings. Nevertheless,
the qualitative bias assessment did not reveal any significant
causes for concern. Additionally, all studies on teaching mod-
els included in this meta-analysis demonstrated a high degree of
similarity in terms of design and conduct. The limited informa-
tion available for quality assessment may be more attributable
to reporting shortcomings in the text rather than actual defi-
ciencies in the study design. Furthermore, 49 studies relied on
self-administered questionnaires, incorporating diverse scales
with varying degrees of reliability and validity and employing
inconsistent measures and scoring criteria across these scales,
potentially compromising the comparability and overall reliabil-
ity of the reported results.

The study's limitations included the absence of long-term fol-
low-up because of participant time constraints and limited re-
sources; investigation periods also varied across studies. There
is insufficient data on teaching outcomes several years after de-
ploying teaching models, and the only study in our meta-analysis
provided information beyond 12 months. We will monitor data
over time to study how nursing students’ creativity changes in
the future. Finally, the use of only Chinese language literature
in our meta-analysis may introduce language bias. Variations

in study population and cultural background may affect the
educational model's results, thus limiting the study's generaliz-
ability. Although the adjusted funnel plots (Figure S1) did not
exhibit significant publication bias, it is advisable to approach
the generalization of these teaching models to other countries
with caution. Further research will also investigate the long-
term effects, cross-cultural validity and curriculum integration
of these models.

Despite limited resources and teachers, educators can enhance
teaching quality and student development using these methods.
We propose a phased introduction of superior teaching models
into the curriculum, starting with pilot courses before full imple-
mentation. Employ the available shared network resource classes
to develop a multifaceted approach to teaching. Crucially, schools
must establish comprehensive support systems—including re-
sources, tech support and collaborative platforms—and foster
teacher collaboration to ensure successful model implementation.

5 | Conclusion

This study provides evidence on the effectiveness of the
TDPC, Six Thinking Hats and 3D printing models in en-
hancing the creativity of nursing students compared with
other new-generation teaching models. Despite the primary
analysis indicating comparable effectiveness among TDPC,
Six Thinking Hats and 3D printing models, an exploratory
analysis revealed a tendency towards a greater likelihood of
achieving higher creativity scores with TDPC. Nursing stu-
dents lack the time and energy to engage in innovation and
entrepreneurship. Utilizing TDPC, the study identified that
fragmenting nursing students’ time for systematic innovation
and entrepreneurship education, integrating the 3-in-1 model
of ‘theory + exercise + practice’, three-dimensional learning,
ubiquitous learning and small and medium enterprises busi-
ness models can enhance traditional lecturing with Internet-
driven engagement while maintaining professional relevance.
The sensitivity analysis and metaregression yielded no dis-
cernible differences.

Advocate for the adoption of standardized creativity assessment
tools in future research to enhance comparability and reduce
scale bias. Meanwhile, lengthen the follow-up assessment pe-
riod and perform more research internationally to improve their
integration into nursing education.
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