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Abstract

Background The digital shift in higher education is moving from teacher-focused models to active learning with dig-
ital technologies, including the integration of game-based learning strategies. We aim to identify, assess, and sum-
marize the findings of evidence and determine the effectiveness of game-thinking on learning outcomes in nursing
education.

Methods A comprehensive search for relevant literature was conducted between April and May 2022 Seven
databases ERIC, Scopus, ProQuest Education Source, MEDLINE, CINAHL, Web of Science, and Embase were utilized

to locate original, peer-reviewed papers published in English. The review was conducted and reported in compliance
with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines.

Results Overall, 3302 studies were initially screened based on their titles and abstract. From this selection 281 studies
were then assessed for full-text eligibility. In the end, 70 studies, consisting of 27 Randomized Controlled Trials (RCTs)
and 43 Quasi-experimental studies were included in the review. These studies encompassed data from a total of 8348
participants. The results from the narrative synthesis of the results revealed consistencies across the included studies
and their findings. The meta-analysis suggested that game-thinking could be beneficial in nursing education, notably
improving students’academic achievement (Pooled ES=0.99, [95%Cl 0.53, 1.44]). The most significant effect of game-
thinking on academic achievement was observed in the academic knowledge performance of nursing students
(Pooled ES=1.06, [95%Cl 0.55, 1.57]), followed by academic skill performance (Pooled ES=0.54, [95%CI 0.06, 1.03]).

Conclusions The systematic review and meta-analysis provide evidence supporting the effectiveness of game-
thinking in nursing education. The findings highlight the potential of game-based learning in enhancing nursing
education through knowledge acquisition, albeit with a nuanced effect on skill development. As nursing education
continues to adapt to the digital era, integration of game-thinking strategies could serve as a valuable method for cre-
ating engaging and effective learning experiences for nursing students.
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Introduction

The use of game-based methods [1] as a learning strat-
egy in higher education is a part a digital transformation
[2]. Game-thinking [3] have been introduced as umbrella
term, encompassing two academically accepted game-
based methods: gamification and serious games (SG) [4,
5]. To better understand game-thinking as a pedagogical
strategy to improve nursing students” academic achieve-
ment or perceptions [5], by redesigning traditional learn-
ing content [1, 6], utilizing either gamification or SG.

SG are full complete games that use all game design
elements in various degrees for non-entertainment pur-
poses, with the aim of enhancing student learning out-
comes [5, 7-9], Gamification, however, applies one or a
combination of game design elements in non-gaming
contexts, like education, to influence and/or to impact
learning outcomes [5, 8, 10—14]. Unlike SG, which intend
to create a complete game [15], gamification uses specific
game design elements without intending to create a game
[8]. Game design elements are individual characteristics
of games, with a significant role in the game play [10].

SG, seen by some as a sub-set of gamification, are cre-
ated by gamifying traditional learning content, though
this isn’t a universally held view [1, 11, 13]. Both SG and
gamification uses the same game design elements, such
as points, levels, avatars and leaderboards, to enhance
student learning outcomes [5, 6, 10, 13]. However, the
vast variety of these elements and the lack of standard
classification system pose challenges across and within
different research fields [5, 7-11, 15]. A proposed frame-
work categorizes these elements into nine attribute cat-
egories, aiming to consolidate research and facilitate
comparisons between studies [5, 16]. A revised definition
of gamification are suggested replacing game design ele-
ments with the attributes categories [5]. A recent review
on gamification focused on the attributes categories as
recommended to improve health professions education
[15].

Despite their differences, both SG and gamification
should be included in systematic reviews, as they uti-
lize the same game attribute categories in educational
context, as they both represent the pedagogical design
strategy of game-thinking [5]. This approach is ech-
oed by other systematic reviews on educating health
professionals, which include both SG and gamification
in their reviews [7, 8]. Despite challenges like lack of
consensus and uniformity [5, 7-11, 15, 17], research
suggests that whether it’s a SG or gamification it has
potential to enhance education by increasing student
engagement, which could improve learning outcomes
[14]. Nurse education is a complex process, unfolding
across various arenas, both within educational institu-
tions and in different professional practical contexts
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[18-20]. Game-thinking could be particularly benefi-
cial for nursing students, who often start their studies
with a naive view of the profession and struggle with
their intricate learning journey, such as applying biosci-
ence knowledge in their clinical practice [21, 22]. While
games or game elements seem to increase students’
engagement and satisfaction by increasing enjoyment,
still, research on their actual impact on learning in a
nursing context is limited [22].

Engaging nursing students academically is challeng-
ing but crucial to enhance their performance across
all aspects of the education [22, 23]. Educators should
integrate various learning strategies and activities,
both analog and digital, to maintain student engage-
ment [18, 20, 24]. Academic underperformance, a key
factor in involuntary attrition from nursing programs
[25], should be addressed with interventions designed
to boost academic performance [20]. Diverse teaching
activities can help students navigate the complex learn-
ing environment [18, 20] by increasing enjoyment and
engagement [22], and linking theory with practice [18].
Digital simulation games, or SG, Offer a potential inter-
vention to increase engagement and enjoyment, and
help students contextualize theory [7].

Addressing the global nursing shortage requires
counteracting academic underperformance and
enhancing professional competence [24]. Current
research indicates that gamification and SG may
improve the quality of health professions education
[7-9, 13, 26, 27]. Integrating game-thinking strategies
could enhance education quality in health professions.
However, the impact on nursing students is not fully
understood, underscoring the particular importance of
research such as the present study and highlighting the
needs for further research.

We aim to identify, assess, and summarize the effec-
tiveness of game-thinking in nursing education, focusing
on student learning outcomes and perceptions. To ensure
a comprehensive understanding, our study is not based
on a single theoretical framework due to the lack of a uni-
fying theory for game-thinking, though motivation and
engagement are central, and Self-determination theory
(SDT) plays a significant role in game design and gami-
fied experiences [28].

Materials and methods

The procedure for this review was carried out in accord-
ance with the PRISMA guidelines for systematic review
and meta-analysis reporting [29]. The PRISMA state-
ment is provided in Supplementary Materials File (S1).
The study was registered in the PROSPERO register
(CRD42022324968).
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Eligibility criteria

We included studies centered on undergraduate nurs-
ing students, with interventions involving gamification
or SG, employing randomized controlled trials (RCT)
and quasi-experimental studies and with learning-
and perception outcomes. We excluded studies that
involved non-student nurses, interventions that were
unrelated to gamification or SG, employed non-inter-
vention or solely qualitative designs and outcomes
unrelated to the students’ learning or perceptions.
However, we included mixed-method studies if data
extraction was feasible. The full selection criteria are
shown in Table 1.

Information sources and search strategies

Studies published on the effects of gamification interven-
tion or SG interventions in populations of nursing stu-
dents were identified by performing systematic searches
in the following databases: ERIC, Scopus, ProQuest Edu-
cation Source, MEDLINE, CINAHL, Web of Science, and
Embase. The searches were individually adapted to each
database, and a combination of Medical Subject Head-
ings (MeSH) and text word terms were employed in
accordance with the database thesaurus.

The search strategies were developed with guidance
from a health science librarian, and search terms accord-
ing to Gamification and Nursing education were utilized
(Table 2). The searches were performed in April-May 2022.

Selection process

We used Covidence systematic review software [30]
to perform the screening, eligibility assessment, data
extraction, and quality assessment, the identified studies
were uploaded to the online software. Duplicates were

Table 1 Inclusion/Exclusion criteria
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Table 2 Search strategy MEDLINE

Main term Sub terms

Gamification MeSH: Gamification, Learner-Generated Digital
Media (LGDM), digital media literacies, digital
media for learning, learner-generated digital
media, Games Experimental, Video Games,

Game Theory,

MeSH: Students, Nursing/OR Education,
Nursing/OR Education, Nursing, Associate/OR
Education, Nursing, Baccalaureate/OR Educa-
tion, Nursing, Diploma Programmes/OR Nursing
Education Research/

Keywords: Nurs* adj3 (stud* or educat*or bac*
or programme*).tw,kf

Nursing education

If too many hits, include: MeSH: Educational Measurement/OR Academic
Performance/OR Academic Failure/OR Student Dropouts/OR Self-efficacy/

Keywords: experience*. tw,kf. OR satisfaction*. tw,kf. OR academic*
adj3(achieve* or progress* or withdraw* or persistence)

mostly removed by the software, and some were removed
manually.

The included abstracts were independently double-
screened against the eligibility criteria by the review
authors, followed by an independently double re-assess-
ing/screening of full-text articles performed by the two
pre-selected reviewers. Finally, after exclusion, 70 studies
were included in the systematic review.

All conflicts in either abstract- or full text screening
were handled by two pre-selected reviewers with the
most experience with systematic reviews and meta-anal-
ysis. The flow diagram of the review process is shown in
Fig. 1.

Data collection process
Following the PRISMA guideline using forms with
detailed instruction manuals in Covidence, prepared by,

Excluded

Online teaching, online courses

Grey literature, non-inter-
vention studies, Qualitative
methods

Nurses post-graduation

Knowledge description with-
out assessment of effect

All other language

Included
Concept Gamification, serious games
Study design Randomized controlled trials,
Quasi-experimental,
Pre-post evaluation
Targeted field Nursing education (bachelor nursing programs)
Qutcome Nursing Students” Academic Achievement;
- Academic Knowledge Performance
such as; grades and exam/quiz scores
- Academic Skill Performance such as; scoring on clinical observational skills,
and scoring on the performance of a clinical procedure
Nursing students’ perceptions such as; self-efficacy or motivation/engagement/
student satisfaction using different measurement scales
Language English, Scandinavian

Publication date 2010-2022

Published <2010




Nylén-Eriksen et al. BMC Medical Education (2025) 25:140

Studies from databases/registers (n = 4926)
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References removed (n = 1624)

Duplicates identified manually (n = 7)
Duplicates identified by Covidence (n = 1617)

Studies screened (n = 3302)

—>| Studies excluded (n = 3021)

Studies assessed for eligibility (n = 281)

Screening

Studies included in review (n = 70)

Included

Fig. 1 Flowchart - PRISMA

all authors contributed to the data extraction. First time
authors received calibration exercise and guidance. The
following data extracted from all included studies were
displayed in a summary table and included; Title, Year
Published, Country the Study was Conducted, Aim,
Study Design, Sex, Age, Population Size (total number
and portion of nursing students), Number of Groups
Compared, Academic Year/Semester, Context/Course,
Information About the Intervention, Type of game-
thinking (e.g., gamification or SG), Outcome Measured,
Results, Effect, and Conclusion.

>
Studies excluded (n =211)

Wrong study design (n = 76)
‘Wrong intervention (n = 54)
Not enough information
(e.g., conference abstract) (n = 32)
‘Wrong population (n = 20)
‘Wrong language (n = 13)
‘Wrong outcomes (n = 10)
Duplicate (n=4)
Full text not found (n = 2)

Data items

Outcomes

The primary outcome was Nursing Students’ Academic
Achievement (academic achievement), representing
our purposefully broad approach to gain a comprehen-
sive understanding of game-thinking, not focusing on
specific measurement or learning outcomes, acknowl-
edging the variety of ways to assess students’ academic
progress. In studies within the same research domain
but using different scales or outcomes, it falls on the
researcher to determine if their combination yields a
meaningful interpretation [31]. We further categorized
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our primary outcome into “Academic Knowledge Per-
formance (knowledge performance)’; and “Academic
Skill Performance (skill performance)’, to allow more
detailed analysis of each subcategory.

The same procedure applies to our secondary out-
comes, which are nursing students’ perceptions.
Nursing students’ perceptions (perceptions), were cat-
egorized into “motivation/engagement”, “self-efficacy’,
“student satisfaction’, and “mix”

Primary and secondary outcome categories reported
in the retrieved studies are depicted in the summary
table (Table 5).

Other variables

Additionally, we extracted data relating to study-, par-
ticipant- and intervention characteristics. 1.) Study
characteristics included “publication year’, “country
in which the study was conducted’, “study design” and
“number of compared groups” 2.) Participant charac-
teristics included “sample size’, “sex’, “age’, “academic
year; semester”, “context; courses (e.g., clinical practice,
clinical skills lab, theoretical, mixed)”. 3.) Intervention
characteristics included “type of game-thinking’, “inter-
vention; analogue and/or digital” and “intervention;
individual and/or team”.

Study risk of bias assessment

The independent double-quality assessment was per-
formed by all the reviewers, using the Joanna Briggs
Institute (JBI) checklist for randomized controlled tri-
als (RCT) [32] and quasi-experimental studies [33], as
appropriate. The well-established JBI appraisal checklist
for RCT’ (13 items), and the quasi-experimental check-
list (9 items) assess internal validity, and are frequently
used globally [34]. Any conflicts between the reviewers
in the quality assessment were resolved in a consensus
meeting.

Effect measures

For continuous data the standardized mean difference
(SMD) was calculated using the Practical Meta-Analysis
Effect Size Calculator [35] which is a recommended and
reliable online calculator [36]. If only median, range and
sample size were provided, we estimated the mean and
SD [37] to calculate the SMD. Effect size was expressed
as Cohen’s d. Generally, a Cohen’s d of 0.2-0.4 is consid-
ered a small effect size, 0.5-0.7 is considered a moderate
effect size, and 0.8 or higher is considered a large effect
size [36].

Page 5 of 37

Data synthesis and analysis

Preparation of data; serious games or gamification?
Classifying studies into SG or gamification was chal-
lenging due to inconsistent or lacking definitions. To
minimize subjectivity studies with clearly defined inter-
ventions were grouped accordingly, while others were
categorized based on the authors” descriptions and their
intended purpose of the game intervention which is a
key factor distinguishing SG from gamified platforms or
applications [15].

Narrative synthesis

Narrative summary presenting most central findings
based on the characteristics and findings from included
studies in text and tables.

Meta-analysis

We conducted three separate meta-analyses, because
our primary outcome " Academic Achievement," encom-
passed both " Knowledge Performance" and " Skill Per-
formance.". Considering game-thinking might impact
knowledge and skill performance differently, we con-
ducted separate analysis for each. In the meta-analysis
of “Academic Achievement’, some studies included both
knowledge and skill outcomes, while others had one. In
dealing with effect size multiplicity, we followed recom-
mendations [38] and performed a selection using a deci-
sion rule; “select the outcome prioritized by the authors
of the specific study’, thus we avoided double counting
and tried to reduce the risk of bias due to selection favor-
ing our analysis.

The meta-analysis was conducted using the open-
source statistics program JASP [39], and a restricted ML
method, including both fixed and random effects by per-
forming the Omnibus test of Model Coefficients and test
of residual Heterogeneity was used to make our model.

A significant p-value on the Omnibus test of Model
Coeflicients represents effect of the intervention and
suggests that the intervention has significant impact on
the outcome being studied. A high significant p-value on
the Test of Residual Heterogeneity indicated substantial
variability, as this test assessed the variability remaining
in the model after accounting for both fixed and random
effects, which might be attributed to different effects of
the intervention across the included studies [31]. The I
was used to interpret the percentage of heterogeneity, i.e.,
the part of total variation resulting from between-studies
variance [40], and based on the values considered to be
low (<25%), moderate (26—75%), or substantial (>75%)
[31].

Collectively, these findings offered evidence sup-
porting the potential effectiveness, or lack thereof, of
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game-thinking. Results was based on comparison to the
control group in the analyzed RCTs and/or quasi-experi-
mental studies.

Reporting bias assessment

The presence of substantial variability or heterogeneity in
the meta-analysis was further checked by using Egger’s
test and the PET-PEESE to test for publication bias and
a p-value of > 0.05 indicates that there was no statistically
significant evidence of publication bias [41, 42].

Certainty assessment

The strength and quality of evidence for each included
study were assessed based on the total scores on the
Joanna Briggs Institute (JBI) critical appraisal checklists
to assess the risk of bias. Based on previous systematic
reviews utilizing JBI checklists, a study was categorized
as low quality when scoring <50%, moderate quality with
scores >50—70% and high when scoring>70% [43-45].

Results

Literature search results and general characteristics

of the included studies

Literature search results

Initially, after removing duplicates, 3302 studies were
screened by title and abstract. Subsequently, 281 stud-
ies were assessed for full-text eligibility; This process
resulted in the inclusion of 70 studies, which underwent
narrative synthesis and statistical analysis as shown in
Fig. 1.

General characteristics of the included studies

The included studies (N="70) consisted of 26 RCTs (37%),
and 44 Quasi-experimental studies (63%) encompassing
data from a total of 8348 participants, ranging from 10
participants [46] to 844 participants [47]. The population
of men ranged from 0-61%, averaging at 19% (i.e., 1586
men). Asia contributed with 50% (n=35) of the pub-
lished articles, followed by Europe with 23% (n=16), and
North America with 17% (n=12).

The year of publication ranged from 2010 to 2022, and
interest in game-thinking appears to have grown in the
subsequent years, culminating in the publication of 24
studies in 2021. The majority (96%, n=67) of the studies
included one or more outcomes on “Academic Achieve-
ment’, either exclusively (73%, n=>51) or in combina-
tion with one or more outcomes on “Perceptions” (23%,
n=16). These general characteristics of the included
studies are visualized in Fig. 2. Additionally, 23% (n=16)
of the articles did not specify the academic year of the
student participants. Among the remaining studies, 22%
(n=16) involved students in their final year of studies,
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The studies
The study selection process resulted in N=70 included studies

Geographical distribution of the included studies

Europe South America North America Africa Asia
sounCEEEEE] s vsr [T s

Haly canada 5]

Year of publication

. Avticles published (n)
pr. year

Sample size categories

.
—

Articles (n)

Articles (n)

Y
Study designs Study interventions
RCT Quasi-experimental Serious games Gamification
(n=26) (n=44) (n=35) (n=35)
\A 60% 51% ‘/
(n=21) (n=18)

‘Game attributes “Assesment',“Challenge/Conflict”
and “Rules/Goals” included in intervention

Populations

South North
Europe America America

[ 4 1
,;9.9%

| 27.2%

n=2492 n=2271

Sex and Age

The population of men in the
different studies ranged from 0-61%,
averaging at 19% (i.e., 1586 men)
included in this study

39 of the studies report age on
their population. The mean age of
the particioants range from 20-22.

years.

Fig. 2 Visualization: general characteristics of the included studies
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Table 3 Academic achievement; effect of gamification and serious game interventions

Studies with Outcome: Studies with Outcome: Studies with both outcomes:
Academic Knowledge Academic Skills Academic Knowledge Performance . "
S Total included studies
Performance Performance Academic Skills Performance q o
with academic
n=24 n=26 n=17 q
achievement outcomes
No No Effect on Effect: knowledge Effect: skill No effect on R
Effect effect Effect effect both performance only | performance only either
n=22 n=2 n=22 n=4 n=4 n=4 n=4 n=5

Randomized controlled trials 4 2 7 2 2 3 2 4 26
Gamification 3 1 2 0 1 1 1 2 11
Serious games 1 1 5 2 1 2 1 2 15
Quasi-experimental studies 18 0 15 2 2 1 2 1 41
Gamification* 11 0 7 1 1 0 1 1 22
Serious games** 7 0 8 1 1 1 1 [o] 19
Quasi-experimental sfudles, 7 0 6 2 2 0 1 2 20
control group analysis

Gamification*** 4 0 3 1 1 0 0 1 10
Serious games 3 0 3 1 1 0 1 1 10
Quas:-experlme'ntal studies, 11 0 9 0 0 0 1 0 21
Pre-post analysis

Gamification**** 7 0 4 0 0 0 1 0 12
Serious games ***** 4 0 5 0 0 0 0 0 9

The three missing studies includes only student perception outcomes. *2 missing. **1 missing, ***1 missing, ****1 missing, *****1 missing

while 20% (n=13) exclusively focused on freshmen
students.

Narrative synthesis

Our systematic review (N=70) on game-thinking reveals
two distinct intervention categories equal in numbers:
studies assessed as focusing on SG (1=35) and stud-
ies focusing on gamification (n=35). Of the studies on
gamification, 94% (n=33) included one or more out-
comes on “Academic Achievement’, and similarly, the
outcomes were included in 97% (n=34) of the studies on
SG. Interestingly, 85% (n=28) of the studies on gamifica-
tion and 82% (n=28) of the studies on SG reported an
effect on the academic achievement (refer to Table 3 for
more details). See Table 4 for information related to the
perceptions, please refer to Table 4. Only 14%, (n=10)
(i.e., four studies on gamification and six studies on SG)
reported no effect on any of the outcomes measured, of
which nine studies measuring academic achievement
only [48-55] and two studies [56, 57] measuring only
students’ perceptions. Table 5 provides a summary of all
included studies.

Gamification

The articles (N'=35) with gamification interventions were
mostly published after 2017 (91%, n=32). The most com-
mon design was quasi-experimental at 68% (n=24), with
31% (n=11) of these studies utilizing a control group and
37% (n=13) proceeding without one. Digital interven-
tions were the most common, used in 60% (n=21) of the

studies, while 29% (n=10) employed analogue methods,
and 11% (n=4) used a combination of both.

Digital interventions (n=22)

Most of the digital intervention studies (77%, n=17)
reported significant positive effect on the academic
achievement. Among these, 88% (n=15) required only
individual-, while 6% (n=1) team- and another 6% (i=1)
used a combination of individual and team participation.

Simulation

Of the six studies (29%) incorporating simulation in
their intervention [62, 63, 69, 82, 103, 113], five reported
a positive effect on at least one academic achievement
outcome. One reported no effect on skill performance,
but significantly enhanced academic knowledge related
to specific skills such as urinary catheterization [69].
Another study which included team participation in their
digital simulation, reported significantly better clinical
thinking ability (skill) [103]. In a study where nasogastric
tube feeding skill competence was explored, they did not
find any effect on student’s academic achievement, how-
ever positive student satisfaction was reported [63].

Augmented Reality (AR) or Virtual Reality (VR)

Four studies (18%) with only digital interventions used
either AR or VR. Only one study reported using a AR-
intervention [100], teaching first-year students injec-
tion techniques, both knowledge and skill performance
showed significant improvements favoring intervention.
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Table 4 Student perceptions; effect of gamification and serious game interventions
Studies with Outcome: | Studies with Outcome: Studies with Outcome: Studies with two outcomes: Studies with two outcomes:
Student satisfaction Student self-efficacy Student motivation/engagement Student satisfaction Student satisfaction Total included studies
Student motivation/engagement Student self-efficacy With student
n=9 n=3 n=4 n=2 n=1 perception outcomes
N=19
Effect No effect Effect No effect Effect No effect Effect on both | No effect on either | Effectonboth | No effect on either
n=5 n=4 n=1 n=2 n=3 n=1 n=2 n=0 n=1 n=0

Randomized controlled trials 4 1 0 1 0 0 2 0 0 ‘ 0 8
Gamification 3 () () 0 0 0 1 () ) 0 4

Serious games 1 1 0 1 0 0 1 0 0 0 4
Quasi-experimental studies 1 3 1 1 3 1 (1] (1] 1 ‘ 0 11
Gamification 1 1 1 1 1 0 0 0 0 0 5
Serious games 0 2 0 0 2 1 0 0 1 0 6
Quasi-experimental stm‘lles, 0 2 1 1 2 0 0 0 1 0 7

control group analysis

Gamification [ 1 1 1 [ 0 [ [ [ [ 3

Serious games 0 1 0 0 2 0 0 0 1 0 4
Quasi-experimental s'tudles, 1 1 0 0 1 1 0 0 0 0 4

Pre-post analysis

Gamification 1 0 0 0 1 0 0 0 0 0 2

Serious games 0 1 0 0 0 1 0 0 0 0 2

Another study, examined the effect of a game-based VR-
phone application [59] showed statistically significant
improvement in skills performance, but no significant
effect on gaining knowledge related to tracheostomy
care. Two studies using VR, both evaluating the effects
on gaining skills, however found no significant interven-
tion effect [48, 54].

Ganmified applications or platforms

Twelve studies (57%) used either a gamified application
or platform in their interventions. Three of these studies
examined the effect of Kahoot as a learning tool [52, 71,
99], where two of the studies reported a positive effect
on knowledge performance [71, 99], student satisfac-
tion, and student motivation [71]. Both studies were done
with senior-year students. However, the last study [52]
assessed Kahoot on pathophysiology first-year students,
and no differences were found between the groups on
knowledge or skills. Even so, all the students perceived
Kahoot as a helpful tool in their learning process.

Analogue intervention (n=9)

The majority of the studies using an analog intervention
89% (n=38) reported significant positive effect on the
nursing student’s academic achievement [47, 73, 80, 91,
96,109, 111, 114], of which 50% (n=4) [96, 109, 111, 114]
required team participation, followed by only individual
participation 38% (n=3) [47, 73, 91] and 12% (n=1) [80]
combined both.

Simulation

Three (33%) of the analogue intervention studies included
simulation as a part of their intervention. One focused on
communication and critical thinking, comparing tradi-
tional classroom teaching with first year students to flash

cards, tabletops, and simulated clinical situations with
positive effect on academic skill performance and student
satisfaction [73]. The remaining two [109, 111] focused
on nursing students systems thinking ability, using a
tabletop simulation report significantly better academic
skills performance score.

Other gamified educational content

The six (67%) remaining studies used different strategies
or tools to gamify their educational content. A card game
[47] following the mechanics of poker gaming, was cre-
ated as a gamified activity on acid—base imbalance, and
reported a positive effect favouring the nursing students”
academic knowledge performance in the intervention
group. Similar strategies were used by the other stud-
ies, despite using other games as the foundation for their
gamified educational content, such as Jeopardy [114] or
bingo [91].

Analogue and digital intervention (n=4)

Seventy-five percent (n=3) of the studies that used a
combination of analogue and digital interventions incor-
porated either VR, simulation, or both. One [78], found
improvement in skills, when combining physical equip-
ment with a game-based VR-phone application, examin-
ing the effect on skills in IV fluid delivery. Another [93],
used a digital simulation as a group activity, in an class-
room setting and reported a significant improvement
in knowledge performance. Interestingly, the last study
[102], with a VR-intervention reported a negative effect
on decontamination training skills with senior students
in the intervention group obtaining significantly lower
performance scores than the control group. There were
no differences between the groups in self-efficacy nor
academic knowledge performance.
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Game attribute categories for gamification interventions
We aimed to identify if gamification interventions
favored certain attribute categories or used specific com-
binations thereof. In our review all gamification studies
(100%, n=35) combined various game attribute catego-
ries, with none using only a single category. The combi-
nation of “assessment’, “challenge/conflict” and “rules/
goals” are most applied together (71%, n=25), either
as the only attribute categories in the intervention or
in combination with other game attributes (Table 6).
Another prominent combination of attribute categories
identified was “environment’, “game fiction” and “immer-
sion” (29%, n=10), which were identified in studies uti-
lizing simulation as part of their intervention (Table 6).
Interestingly, 9 of these studies included “assessment”
and “rules/goals’; of which only four studies included
“challenge/conflict” in the combination, contrasting with
non-simulation studies where “challenge/conflict” always
was paired with “assessment” and “rules/goals” (Table 6).
“Action language” was a part of different combinations
in 63% (n=22) and the interventions are digital based.
Examples of “action language” used in the interventions
were, computers, mobile devices, VR-technologies, or
both. For other combinations of attributes and other
attributes utilized (Table 5).

Serious game

The articles (N=35), which focused on what the authors
themselves referred to as SG or games’, were mostly recent
publications (89% >2017). The majority (57%) used a quasi-
experimental design, with half incorporating a control
group and half proceeding without one. Among the 28
studies that impacted nursing students’ academic achieve-
ment, most (71%) used digital interventions, 21% employed
analogue methods, and 7% used a combination of both.

Digital interventions (n=23)

In most of the digital intervention studies on SG, 87%
(n=20) reported an effect on the academic achievement.
Among these, 95% (n=19) required only individual par-
ticipation, while team participation was required in 5%
(n=1).

Simulation

Seven (30%) of the studies with digital intervention, inte-
grated various aspects of simulation within their respec-
tive interventions. Within this subset, the majority (71%,
n=>5) [55, 64, 72, 74, 75] solely including simulation in
the intervention, while the remaining two [49, 92] com-
bined VR and. All seven studies aimed to enhance skill
performance via the game interventions. Only two [49,
55] of the seven studies did not report any significant
effect of the intervention on academic achievements.
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Other digital SG

Among the remaining sixteen studies (70%), the major-
ity (67%, n=10) featured interventions aimed at improve
knowledge performance [94, 106], either solely or in
combination with skill performance [51, 65, 66, 83, 85,
95, 108, 110]. Conversely, 33% (n=>5) of the studies solely
aimed to improve skill performance. These SG varied
in aspects like design, content, and mechanics, based
on their objectives or learning context, for more details
(Table 5). However, despite their differences, only one
study (6%) [51] out of the sixteen did not report any
significant effect of the intervention on the academic
achievements.

Analog interventions (n = 6)

All analog intervention studies reported significant posi-
tive effect on the academic achievement [58, 67, 81, 87,
90, 107], of which 67% (n=4) required team participation
[58, 67, 90, 107], followed by only individual participation
33% (n=2) [81, 87].

Escape room

Half of the studies using analog interventions [67, 90,
107] (n=3) incorporated escape room methodology.
Notably, none used digital platforms, and all engaged stu-
dents in teamwork. Two studies found significant differ-
ence in the academic achievement (skill [90], knowledge
[107]), favoring the intervention group, after partici-
pating in the escape room. The last study [67] uniquely
used an escape room in both intervention-, and control
groups, differing only in theme, thus not comparing the
game’s effect to a non-game element. Despite no skill
performance difference, immediate recall knowledge
favored the intervention group.

Other analog SG interventions

Half of the analog intervention studies used various SG.
One, examined an analog aging simulation game and
found a significant skill performance improvement [87].
Another, using game cards for teaching measuring aus-
cultatory blood pressure, reported significant increase
in the knowledge performance [81]. The final study
employed a Jeopardy-style serious game for ethics educa-
tion, reporting significant positive increased knowledge
performance and student satisfaction [58].

Analogue and digital intervention (n =6)

Simulation

Most studies (67%, n=4) employed both analogue and
digital simulation intervention to varying extent [50,
56, 60, 101]. One study uniquely combined a physical
patient simulator with a serious game, reporting the only
significant effect on academic achievement, increasing
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Table 6 Combinations of attributes categories in gamification and serious game interventions
Assessment, As.sessment, Other
) Conflict/challenge, I
Conflict/challenge, " N combinations, not
Assessment, . Human interaction N . Other
Assessment, n Environment, Rules/goals, including the -
Conflict/challenge, (ol izl e, Game fiction, Environment, [ullzs/ el combo: EEEE s el 0 i "
Rules/goals ’ (FALE (TS oD Immersion ' Game fictiun' NI, ”Environmlen( il Total included .studles paith
8 Rules/goals S Game fiction, L categories student perception outcomes
Immersion N Game fiction, N=67
Immersion P
Immersion’
n=13 n=11 n=2 n=22 n=1 n=14 n=4
Randnmlzefi controlled 6 1 1 9 1 6 1 25
trials
Gamification 4 0 1 3 1 2 [ 1
Serious games 2 1 0 6 0 4 1 14
Quasi-experimental studies 7 10 1 13 0 8 3 ‘ 42
Gamification 4 8 1 6 [ 3 2 24
Serious games 3 2 0 7 0 5 1 18
Quasi-experimental stm'lles, 3 2 0 7 0 6 3 21
control group analysis
Gamification 2 2 0 2 0 3 2 11
Serious games 1 0 0 5 0 3 1 10
Quasi-experimental sfudles, 4 8 1 6 0 2 0 21
Pre-post analysis
Gamification 2 6 1 4 0 0 0 13
Serious games 2 2 0 2 0 2 0 8

knowledge performance [101]. A study using a digital
gaming simulation followed by classroom debriefing [60]
found no significant academic achievement difference,
but reported significantly higher student satisfaction and
motivation in the intervention group. The remaining two
studies [50, 56] found no significant results in none of the
outcomes measured, when including the use of digital
serious simulation games combined with physical CPR
simulator [50, 56].

Game attribute categories for serious game interventions

In our review, combining different game attributes cat-
egories were done in 91% (n=32) of the included studies
on SG and none focused on only one attribute category.
The combination of “assessment’, “challenge/conflict”
and “rules/goals” are most applied together 66% (n=21),
either as the only attribute categories in the intervention
or in combination with other game attributes (Table 6).
Another prominent combination of attribute catego-
ries identified were “environment’, “game fiction”, and
“immersion” 41% (n=13), which especially were promi-
nent in studies utilizing simulation as part of their inter-
vention (Table 6).

Meta-analysis

Meta-analysis of the academic achievement

Twenty-one studies [50, 52, 55, 56, 58—60, 62, 63, 65, 69,
70,72, 73,77, 84, 85, 95, 102, 107, 110] provided the nec-
essary information on the nursing students’ academic
achievement to calculate the Cohens d and Standard
Error (Fig. 3). The significant p-value (p= <0.001) on the
Omnibus test of Model Coeflicients suggest a significant
impact on the nursing student’s academic achievement,

with an overall effect size 0.99 [0.53, 1.44]. The significant
p-value p=.<0.001 on the Test of Residual Heterogene-
ity indicates heterogeneity, which is substantial as sug-
gested by an I value of 95.01%. An insignificant Egger’s
test p=0.070 suggests no potential publication bias. Fur-
thermore, the PET-PEESE test for publication bias, with a
p-value of >0.05, indicates no statistically significant evi-
dence of publication bias.

Meta-analysis of the academic knowledge performance
Fifteen studies [55, 56, 58, 59, 62, 63, 65, 69, 70, 77, 85,
95, 102, 107, 110] provided the necessary information on
the nursing students academic knowledge performance
to calculate the Cohens d and Standard Error (Fig. 4).
The significant p-value p= <0.00I on the Omnibus test
of Model Coefficients suggest a significant impact on
the nursing student’s academic knowledge performance,
with an overall effect size 1.06 [0.55, 1.57]. The significant
p-value p=.<0.001 on the Test of Residual Heterogeneity
indicates heterogeneity, which is substantial, as suggested
by an F value of 94.95%. The Egger’s test, with an insig-
nificant p-value of 0.488 suggests no potential publication
bias. Furthermore, the PET-PEESE to test for publication
bias, with a p-value of >0.05, indicates no statistically sig-
nificant evidence of publication bias.

Meta-analysis of the academic skill performance

Twelve studies [50, 52, 55, 56, 59, 60, 65, 72, 73, 77, 84,
102] provided the necessary information on the nurs-
ing students academic skill performance to calculate the
Cohens d and Standard Error, and Fig. 5 show the results
of the individual meta-analysis. The significant p-value
p=0.027 from the Omnibus test of Model Coefficients
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Fig. 3 Meta-analysis of the academic achievement—forest plot

suggest a significant impact on the nursing student’s aca-
demic skill performance, with an overall effect size 0.54
[0.06, 1.03]. The significant p-value p=.<0.00I on the
Test of Residual Heterogeneity indicates heterogeneity,
which is substantial as evidence by an I value of (91.78%.
A significant Egger’s test (p=0.003) suggests possible
publication bias. However, the PET-PEESE test for pub-
lication bias, with a p-value of > 0.05, indicates no statisti-
cally significant evidence of publication bias.

Quality appraisal
The JBI quality assessment for the Randomized Con-
trolled Trials Supplementary Material 2, showed that 10
studies were at high risk of bias due to low quality, 14
studies were at moderate risk of bias as they held a mod-
erate quality and only two were at low risk of bias, due to
their high quality.

The JBI quality assessment for the Quasi-Experimental
Studies Supplementary Material 3, showed that 14 stud-
ies were at high risk of bias due to low quality, 9 studies

1
1 2 3 4 5

were at moderate risk of bias as they held a moderate
quality and 21 were at low risk of bias, due to their high
quality.

Discussion

Summary of main results

Despite inconsistencies in the field, our three meta-
analysis suggests that game-thinking benefits nursing
education, enhancing students’ academic achievement,
particularly their knowledge performance. Our narra-
tive synthesis reveals that more than 60% of interventions
in the studies were digital including either gamifica-
tion or SG. Simulations are popular, frequently used in
both gamified interventions and SG. The combination
of “environment’, “game fiction” and “immersion” attrib-
utes, seem to be an integral part of these interventions.
However, the most commonly used game attributes were
“assessment’, “challenge/conflict” and “rules/goals’, prob-
ably as they constitute the gaming experience and driver

in the activity [5, 16].
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Game-thinking

Most of the included studies reported effect of game-
thinking on nursing students’ academic achievement.
However, before delving into the impact of game-thinking

on nursing education, it is important to highlight the
challenges and inconsistencies presented in the evidence
related to SG and gamification. Our initial focused was
on gamification. However, upon examination of the
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available evidence, we identified certain challenges that
could potentially compromise the quality of our study. To
address these identified challenges, we shifted our focus
to encompass game-thinking, which includes both SG
and gamification.

Challenges in the available evidence - ambiguity and lack

of consensus

The lack of a clear framework has led to subjectivity in
defining SG and gamification [5, 10, 12, 13, 15, 17, 116].
Initially, we aligned with Kapp [1], viewing SG as a sub-
set of gamification, formed through the gamification
of traditional learning content [1]. However, it is more
nuanced [5] with contrasting views [5, 10, 12, 13, 15, 17,
116]. Both concepts use the same game design elements
and attributes toolkit to enhance student learning out-
comes [5, 6, 13], but they differ in toolkit usage [5], intent
[15] and impact on learning outcomes [5]. SG directly
influence learning outcomes, often assuming the teacher
role [5], while gamification affects student behavior or
attitudes, such as motivation [5]. The intent behind the
intervention, whether to create a game or not, may dis-
tinguish SG from gamification [15].

Research highlights challenges with inconsist-
ent terminology in SG and gamification, including
their categorization of the intervention and what
constitutes game design elements [5, 7, 15, 16]. This
ambiguity might lead to valuable information being
overlooked in literature reviews focusing on only one
of them. Despite attempts to clarify these concepts,
the complexity of the evidence raises questions: Is it
a serious game or gamification? Does the distinction
matter?

The discussion surrounding the difference between
a gamified platform or application, and a serious game
has been a reoccurring theme throughout our work
with this review, reflecting the lack of conceptual agree-
ment in the evidence. The premise for these discussions
was that platforms or application would be considered
a game design element in the attribute category “action
language’, as it provide an interface for content inter-
action [5, 15], often combined with other game design
attributes [5]. SG, however, are full fledge games that
encompass all the game design elements to various
degrees, but for non-entertainment purposes [7-9].
Differentiating gamified platforms or apps from SG is
challenging, with questions arising on who decides if a
platform is a game or not and what criteria to use [117].

In our narrative synthesis, we included 23 studies that
use simulation in their interventions, which emulate real-
life scenarios for practice and learning [118]. We classi-
fied twelve studies as gamification intervention [54, 62,
63, 69, 73, 82, 102, 103, 109, 111, 113] that uses gamified
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digital platforms [54, 62, 63, 69, 82, 93, 102, 103, 113] or
analogue activities [73, 109, 111], and eleven studies as
SG [49, 50, 55, 60, 64, 72, 74, 75, 87, 92, 101]. The differ-
entiation was challenging, as we noticed more similarities
than differences when trying to differentiate these stud-
ies, which might support the use of a uniform concept
such as game-thinking.

Four of our studies used web-based platforms (Kahoot
[52, 71, 99] and Mentimeter [57]) to gamify their tradi-
tional teaching activities, aiming to enhance students
learning outcomes [119]. These platforms, serving as an
“action language’, connect players with online learning
activities [5], and each educator create their own content.
Students follow defined rules, track progress, compete
for top scores, and aim to win, demonstrating combina-
tion of the game attribute categories “assessment’, “con-
flict/challenge”, “human interaction” and “rules/goals”
[5, 16]. However, suppose an educator inspired by these
platforms creates a quiz-game with the same functions
but intends it to be a full fledge game that also includes
the content rather than just an empty gaming platform,
we question whether this theoretical difference impact
students learning outcome.

Nursing students and game-thinking

Our findings suggest that both serious game and gamifi-
cation interventions are equally effective, indicating that
their theoretical difference might not have any impact.
Thus, educators might not need to choose between the
two if their intervention is based on a game-thinking
strategy and includes one or more of the suggested game
design attributes.

The positive effects might stem from the combination
of game design attributes, specifically “assessment’, “chal-
lenge/conflict” and “rules/goals’, which seem to enhance
nursing students” engagement and motivation [12]. The
motivational mechanisms behind achieving goals and
fulfilling needs for acknowledgment and competence
appear to be central to this process [14, 28]. Both serious
game and gamification also seems to enhance self-effi-
cacy and together with engagement and motivation are
linked to improvements in academic achievements [28].
Our findings suggest that incorporating game-thinking
strategies as a part of educational activities can enhance
nursing students” academic engagement, self-efficacy
and sustain their motivation. Further, our results suggest
implementing game-thinking strategies could help retain
nursing students who potentially drop-out due to aca-
demic underperformance.

Feedback on performance and recognition for their
work positively impact learners’ academic achievement
by fostering motivation and engagement [14]. Debriefing,
central to simulation, meets these needs [118]. Studies
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implementing simulation, with game attributes like “envi-
ronment’, “game fiction, and “immersion” prominent,
often in combination with other attributes, form a signifi-
cant part of our review, and these attributes are essential
in creating the virtual simulation experience [5]. A recent
review reported that student learning in digital vir-
tual simulations may depend on student facilitation and
debriefing [120], highlighting the importance of assess-
ments such as recognition and feedback.

Most interventions in our review are digital. Our
results suggest that game-thinking strategies improve
academic knowledge more than skill performance. Simi-
lar results are reported in another review [8]. However,
game-thinking strategies have demonstrated significant
positive effects on nursing students” academic skill per-
formance, particularly for non-physical practical training
such as clinical reasoning. For physical skills like CPR-
training [50, 56] or decontamination training [102] our
findings show no positive [50, 56] or even negative effects
[102]. One possible explanation of the difference in effect
among knowledge and skill, could be explained by the
more challenging learning context. Creating a gami-
fied activity based on theoretical knowledge or cognitive
skills such as clinical reasoning could be more intuitive
for educators, rather than when teaching actual physical
skills.

Despite overall positive impact on academic achieve-
ment, educators should apply game-thinking strategies
with caution and careful planning, ensuring strategy
suitability for the subject and context to avoid reducing
student engagement, motivation, and academic achieve-
ment, especially if the outcome is related to academic
skill performances.

Strengths and limitations

Our study’s lies in the extensive literature search across
multiple databases, though it was to English and Scandi-
navian languages, possibly missing relevant data in other
languages. Despite Egger’s test hinting at potential publi-
cation bias, statistical tests found no significant evidence
of such bias. The high heterogeneity (>90%) among the
studies included in the meta-analysis and the varying
quality of included studies are limitations. Another limi-
tation is the variable quality among the included studies,
as lower quality studies can exaggerate the estimate of
effect. However, studies of all quality levels mostly indi-
cate positive effects, suggesting little risk of incorrect
inferences and most of the RCT” with lower quality were
rated low due to lack of blinding(S2) when following the
JBI checklists. It could be discussed whether blinding is
achievable, and if done is it possible to prevent unblind-
ing. Additionally, the outcomes used in the meta-analysis
is objective and as such is not as exposed to risk of bias.
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Our study’ strength lies in including literature on
both gamification and SG, providing a comprehensive
overview of a field marked by ambiguity and lack of
consensus. We acknowledge the risk of subjectivity in
identifying and categorization attribute categories and
elements, as they were rarely explicitly stated in the stud-
ies. We aimed to demonstrate our process in our sum-
mary table for future researchers. With half the studies
originating from Asia, the results’ generalizability may be
limited, though Europe and North America represents
40% of the studies.

Our approach encompasses both serious game and
gamification studies, reducing the risk of overlooking rel-
evant evidence, unlike previous research focused solely
gamification [13, 15]. Given the varied definitions and
similarities between the two [5, 6, 13], and the view of SG
as gamification subgroup [1], we believe considering both
as game thinking strategies and focusing on their attrib-
ute categories will benefit nursing education.

Conclusion

Our research suggests that game-thinking in nursing
education enhances students’ academic achievement
and perceptions, especially knowledge and skill perfor-
mance. However, recommending specific games or ele-
ments is challenging due to their varied use. We advocate
for game-thinking strategies in future education, utilizing
various game design attributes. Despite potential subjec-
tivity in game element categorization, we believe these
strategies enhance learning outcomes. We urge further
research with clear frameworks and consistent terminol-
ogy and call for detailed intervention descriptions.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512909-024-06531-7.

Supplementary Material 1.
Supplementary Material 2.
Supplementary Material 3.

Acknowledgements
Not applicable.

Authors’ contributions

MN-E took the lead in writing the manuscript, with close support from AKB
and CT and input from the rest of the authors. DL, KL, EH, TNF, OJH, AMSS,

SH contributed to writing the introduction. MS had the lead on the narrative
synthesis in cooperation with MN-E and supported by OJH, AKB and CT. MN-E
were in charge of designing and creating most of the tables and figures. MS
were in charge of the summary table, in cooperation with MN-E. MS contrib-
uted on the Tables 3 and 4. MN-E took the lead on performing the meta-anal-
ysis, with support from AKB and CT in planning the analysis, interpreting and
writing the results. All the authors commented and provided critical feedback
on the final draft of the manuscript. MN-E, AKB and CT performed the final
revision. AKB and CT have supervised the project.


https://doi.org/10.1186/s12909-024-06531-7
https://doi.org/10.1186/s12909-024-06531-7

Nylén-Eriksen et al. BMC Medical Education (2025) 25:140

Funding
Open access funding provided by OsloMet - Oslo Metropolitan University This
research received no external funding.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
As this review is based only on published studies, ethics approval and consent
to participate are not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
'Institute of Nursing and Health Promotion, Oslo Metropolitan University, Oslo,
Norway.

Received: 5 August 2024 Accepted: 13 December 2024
Published online: 29 January 2025

References

1. Kapp KM. The gamification of learning and instruction : game-based
methods and strategies for training and education. In. San Francisco:
Pfeiffer; 2012.

2. Brooks DC, McCormack M. Driving digital transformation in higher
education. EDUCAUSE 2020.

3. Armstrong M, Landers R, Collimus A. Gamifying recruitment, selection,
training, and performance management: game-thinking in human
resource management. In., edn.; 2016:140-165.

4. Landers R. Gamification misunderstood: how badly executed and
rhetorical gamification obscures its transformative potential. J Manag
Ing. 2019;28:137-40.

5. Landers RN. Developing a theory of gamified learning: linking serious
games and gamification of learning. Simul Gaming. 2014;45(6):752-68.

6. Collmus A, Armstrong M, Landers R. Game-thinking within social media
to recruit and select job candidates. In., edn,; 2016: 103-124.

7. Hope DL, Grant GD, Rogers GD, King MA. Gamification in pharmacy
education: a systematic quantitative literature review. Int J Pharm Pract.
2023;31(1):15-31.

8. Gentry SV, Gauthier A, L'Estrade Ehrstrom B, Wortley D, Lilienthal A,
Tudor Car L, Dauwels-Okutsu S, Nikolaou CK, Zary N, Campbell J, et al.
Serious gaming and gamification education in health professions:
systematic review. J Med Internet Res. 2019;21(3):212994.

9. Damasevicius R, Maskelitinas R, Blazauskas T. Serious games and gamifi-
cation in healthcare: a meta-review. Information. 2023;14(2):105.

10. Deterding S, Dixon D, Khaled R, Nacke L: From game design elements
to gamefulness: defining "gamification”. In: MindTrek: 2011: ACM: 9-15.

11. Dicheva D, Dichev C, Agre G, Angelova G. Gamification in education: a
systematic mapping study. Educ Technol Soc. 2015;18(3):75-88.

12. Zeybek N, Saygi E. Gamification in education: why, where, when, and
how?—A systematic review. Games and Culture. 2023;19(2):237-64.

13. Sailer M, Homner L. The gamification of learning: a meta-analysis. Educ
Psychol Rev. 2020;32(1):77-112.

14. Bai S, Hew KF, Huang B. Does gamification improve student learning
outcome? Evidence from a meta-analysis and synthesis of qualitative
data in educational contexts. Educ Res Rev. 2020;30:100322.

15. van Gaalen AEJ, Brouwer J, Schonrock-Adema J, Bouwkamp-Timmer
T, Jaarsma ADC, Georgiadis JR. Gamification of health professions
education: a systematic review. Adv Health Sci Educ Theory Pract.
2021,26(2):683-711.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33

34,

35.

36.

37.

38.

39.
40.

Page 35 of 37

Bedwell WL, Pavlas D, Heyne K, Lazzara EH, Salas E. Toward a taxonomy
linking game attributes to learning: an empirical study. Simul Gaming.
2012;43(6):729-60.

Zhonggen Y. A meta-analysis of use of serious games in education over
a decade. Int J Comp Games Technol. 2019;2019:4797032.

Jeppesen KH, Christiansen S, Frederiksen K. Education of student nurses
- A systematic literature review. Nurse Educ Today. 2017;55:112-21.
Jordal K, Heggen K. When life experience matters: A narrative explora-
tion of students'learning in nursing education. Nordic Psychol.
2015;67(2):104-16.

Benner P, Sutphen M, Leonard V, Day L: Educating nurses: A call for radi-
cal transformation, vol. 15: John Wiley & Sons; 2009.

Lundell Rudberg S, Westerbotn M, Sormunen T, Scheja M, Lachmann
H. Undergraduate nursing students’ experiences of becoming a profes-
sional nurse: a longitudinal study. BMC Nurs. 2022;21(1):219.

Jensen KT, Knutstad U, Fawcett TN. The challenge of the bio-

sciences in nurse education: A literature review. J Clin Nurs.
2018;27(9-10):1793-802.

Ghasemi MR, Moonaghi HK, Heydari A. Strategies for sustaining and
enhancing nursing students’ engagement in academic and clinical set-
tings: a narrative review. Korean J Med Educ. 2020;32(2):103-17.
Torbjernsen A, Hessevaagbakke E, Grov EK, Bjgrnnes AK. Enhancing
students learning experiences in nursing programmes: An integrated
review. Nurse Educ Pract. 2021;52:103038.

Salamonson Y, Ramjan LM, van den Nieuwenhuizen S, Metcalfe L,
Chang S, Everett B. Sense of coherence, self-regulated learning and
academic performance in first year nursing students: A cluster analysis
approach. Nurse Educ Pract. 2016;17:208-13.

Arruzza E, Chau M. A scoping review of randomised controlled trials

to assess the value of gamification in the higher education of health
science students. Journal of Medical Imaging and Radiation Sciences.
2021;52(1):137-46.

Yildinm , Sen S. The effects of gamification on students'aca-

demic achievement: a meta-analysis study. Interact Learn Environ.
2021;29(8):1301-18.

Krath J, Schiirmann L, von Korflesch HFO. Revealing the theoretical
basis of gamification: A systematic review and analysis of theory in
research on gamification, serious games and game-based learning.
Comput Hum Behav. 2021;125:106963.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow
CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. BMJ.
2021;372:n71.

Innovation VH. Covidence systematic review software. Australia: Mel-
bourne; 2017.

Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. Introduction to
meta-analysis; 2009.

Checklist for randomized controlled trials. https://jbi.global/sites/defau
[t/files/2020-08/Checklist_for_RCTs.pdf.

Checklist for quasi-experimental studies (non-randomized experimen-
tal studies). https://jbi.global/sites/default/files/2020-08/Checklist_for_
Quasi-Experimental_Appraisal_Tool.pdf.

Ma L-L, Wang Y-Y, Yang Z-H, Huang D, Weng H, Zeng X-T. Methodologi-
cal quality (risk of bias) assessment tools for primary and secondary
medical studies: what are they and which is better? Mil Med Res.
2020;7(1):7.

Practical Meta-Analysis Effect Size Calculator [Online calculator]. https://
campbellcollaboration.org/research-resources/effect-size-calculatorhtml.
Cooper H: Research synthesis and meta-analysis : a step-by-step
approach, vol. 2, 5th edn. Los Angeles, Calif: Sage; 2017.

Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from
the median, range, and the size of a sample. BMC Med Res Methodol.
2005;5(1):13.

Lopez-Lépez JA, Page MJ, Lipsey MW, Higgins JPT. Dealing with effect
size multiplicity in systematic reviews and meta-analyses. Research
Synthesis Methods. 2018;9(3):336-51.

JASP Team. JASP (Version 0.18.3) [Computer software]. In.; 2024.
Huedo-Medina TB, Sdnchez-Meca J, Marin-Martinez F, Botella J. Assess-
ing heterogeneity in meta-analysis: Q statistic or |12 index? Psychol
Methods. 2006;11(2):193-206.


https://jbi.global/sites/default/files/2020-08/Checklist_for_RCTs.pdf
https://jbi.global/sites/default/files/2020-08/Checklist_for_RCTs.pdf
https://jbi.global/sites/default/files/2020-08/Checklist_for_Quasi-Experimental_Appraisal_Tool.pdf
https://jbi.global/sites/default/files/2020-08/Checklist_for_Quasi-Experimental_Appraisal_Tool.pdf
https://campbellcollaboration.org/research-resources/effect-size-calculator.html
https://campbellcollaboration.org/research-resources/effect-size-calculator.html

Nylén-Eriksen et al. BMC Medical Education

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

(2025) 25:140

Barto$ F, Maier M, Quintana DS, Wagenmakers E-J. Adjusting for
publication bias in JASP and R: selection models, PET-PEESE, and
robust bayesian meta-analysis. Adv Methods Pract Psychol Sci.
2022;5(3):25152459221109260.

Stanley TD. Limitations of PET-PEESE and other meta-analysis methods.
Social Psychol Personality Sci. 2017;8(5):581-91.

Norhayati MN, Che Yusof R, Azman YM. Systematic review and
meta-analysis of COVID-19 vaccination acceptance. Front Med.
2022;8:783982.

Kazeminia M, Afshar ZM, Rajati M, Saeedi A, Rajati F. Evaluation of

the acceptance rate of Covid-19 vaccine and its associated factors: a
systematic review and meta-analysis. J Prev. 2022;43(4):421-67.
Sulaiman SK, Musa MS. Tsiga-Ahmed Fli, Sulaiman AK, Bako AT: A
systematic review and meta-analysis of the global prevalence and
determinants of COVID-19 vaccine acceptance and uptake in people
living with HIV. Nat Hum Behav. 2024;8(1):100-14.

Marcomini |, Terzoni S, Destrebecq A. Fostering nursing students’clinical
reasoning: a QSEN-based teaching strategy. Teaching & Learning in
Nursing. 2021;16(4):338-41.

Englund H, Basler J. Bridging the gap: use of educational gaming to
teach acid-base imbalance interpretation in nursing students. Nurse
Educ. 2021;46(3):192-4.

Berg H, Steinsbekk A. The effect of self-practicing systematic clinical
observations in a multiplayer, immersive, interactive virtual reality
application versus physical equipment: a randomized controlled trial.
Adv Health Sci Educ Theory Pract. 2021;26(2):667-82.

Butt AL, Kardong-Edgren S, Ellertson A. Using game-based virtual reality
with haptics for skill acquisition. Clin Simul Nurs. 2018;16:25-32.
Demiray A, Keskin Kiziltepe S. The effect of computer based game on
improving nursing students’basic life support application skills: experi-
mental study. Turkiye Klinikleri J Nurs Sci. 2022;14(1):106-14.

Foss B, Lokken A, Leland A, Stordalen J, Mordt P, Oftedal BF. Digital
game-based learning: a supplement for medication calculation drills in
nurse education. E-Learning and Digital Media. 2014;11(4):342-9.
Ignacio J, Chen H-C. The use of web-based classroom gaming to facili-
tate cognitive integration in undergraduate nursing students: A mixed
methods study. Nurse Educ Pract. 2020;46(101090848):102820.
Mosalanejad L, Razeghi B, Abdollahifard S. Educational game: A fun and
team based learning in psychiatric course and its effects on learning
indicators. Bangladesh Journal of Medical Science. 2018;17(4):631-7.
Smith SJ, Farra SL, Ulrich DL, Hodgson E, Nicely S, Mickle A. Effectiveness
of two varying levels of virtual reality simulation. Nurs Educ Perspect.
2018;39(6):E10-5.

Verkuyl M, Romaniuk D, Atack L, Mastrilli P. Virtual gaming simulation for
nursing education: an experiment. Clin Simul Nurs. 2017;13(5):238-44.
Demirtas A, Basak T, Sahin G, Sonkaya MC. The serious game and inte-
grated simulator for cardiopulmonary resuscitation training in nursing
students. Simul Gaming. 2022;53(2):97-110.

Grech J, Grech J. Nursing students’evaluation of a gamified public
health educational webinar: A comparative pilot study. Nurs Open.
2021;8(4):1812-21.

Aljezawi Me, Albashtawy M. Quiz game teaching format versus didactic
lectures. BrJ Nurs (Mark Allen Publishing). 2015;24(2):86-92.

Bayram SB, Caliskan N. Effect of a game-based virtual reality phone
application on tracheostomy care education for nursing students:

A randomized controlled trial. Nurs Educ Today. 2019;79(ned,
8511379):25-31.

Blanié A, Amorim M-A, Benhamou D. Comparative value of a simula-
tion by gaming and a traditional teaching method to improve clinical
reasoning skills necessary to detect patient deterioration: a randomized
study in nursing students. BMC Med Educ. 2020,20(1):53.

Calik A, Kapucu S: The Effect of Serious Games for Nursing Students in
Clinical Decision Making Process: A Pilot Randomized Controlled Trial.
Games for health J. 2022; 11(1):30-37.

Chang H-Y, Wu H-F, Chang Y-C, Tseng Y-S, Wang Y-C. The effects of a
virtual simulation-based, mobile technology application on nursing
students'learning achievement and cognitive load: Randomized con-
trolled trial. Int J Nurs Stud. 2021;120(gs8, 0400675):103948.

Chao Y-C, Hu SH, Chiu H-Y, Huang P-H, Tsai H-T, Chuang Y-H. The effects
of an immersive 3d interactive video program on improving student

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Page 36 of 37

nurses' nursing skill competence: A randomized controlled trial study.
Nurse Educ Today. 2021;103(ned, 8511379):104979.

Del Blanco A, Torrente J, Fernandez-Manjon B, Ruiz P, Giner M. Using

a videogame to facilitate nursing and medical students'first visit to

the operating theatre. A randomized controlled trial. Nurs Educ Today.
2017;55:45-53.

El Machtani El Idrissi W, Chemsi G, El Kababi K, Radid M. The Impact

of Serious Game on the Nursing Students’ Learning, Behavioral
Engagement, and Motivation. Int J Emerg Technol Learning (iJET).
2022;17(1):18-35.

Farsi Z, Yazdani M, Butler S, Nezamzadeh M, Mirlashari J. Comparative
effectiveness of simulation versus serious game for training nursing
students in cardiopulmonary resuscitation: a randomized control trial.
Int J Comp Games Technol. 2021;2021(1):6695077.

Fusco NM, Foltz-Ramos K, Ohtake PJ. Interprofessional escape room
improves knowledge and collaboration among nursing, pharmacy and
physical therapy students. Am J Pharm Educ. 2021;86(9):ajpe8823.

Gu R, Wang J, Zhang Y, Li Q Wang S, Sun T, Wei L: Effectiveness of

a game-based mobile application in educating nursing students

on flushing and locking venous catheters with pre-filled saline
syringes: A randomized controlled trial. Nurse Educ Pract. 2022;
58(101090848):103260.

GuY, Zou Z, Chen X. The effects of vSIM for Nursing™ as a teaching
strategy on fundamentals of nursing education in undergraduates. Clin
Simul Nurs. 2017;13(4):194-7.

Gutierrez-Puertas L, Garcia-Viola A, Marquez-Hernandez VVV, Garrido-
Molina JM, Granados-Gamez G, Aguilera-Manrique G. Guess it (SVUAL):
An app designed to help nursing students acquire and retain knowl-
edge about basic and advanced life support techniques. Nurse Educ
Pract. 2021;50(101090848):102961.

Inangil D, Dincer B, Kabuk A. Effectiveness of the use of animation and
gamification in online distance education during pandemic. Comput
Inform Nurs. 2022;40(5):335-40.

Keys E, Luctkar-Flude M, Tyerman J, Sears K, Woo K. The integration

of virtual simulation gaming into undergraduate nursing resuscita-
tion education: a pilot randomised controlled trial. Clin Simul Nurs.
2021,54:54-61.

Liu Y-M, Hou Y-C. Effect of multi-disciplinary teaching on learning satis-
faction, self-confidence level and learning performance in the nursing
students. Nurse Educ Pract. 2021;55(101090848):103128.

Ma D, ShiY, Zhang G, Zhang J. Does theme game-based teaching pro-
mote better learning about disaster nursing than scenario simulation: A
randomized controlled trial. Nurs Educ Today. 2021;103:104923.

Sarvan S, Efe E. The effect of neonatal resuscitation training based on

a serious game simulation method on nursing students knowledge,
skills, satisfaction and self-confidence levels: A randomized controlled
trial. Nurs Educ Today. 2022;111:105298.

Shawahna R, Jaber M: Crossword puzzles improve learning of Palestin-
ian nursing students about pharmacology of epilepsy: results of a
randomized controlled study. 2020; 106:107024.

Tan AJQ, Lee CCS, Lin PY, Cooper S, Lau LST, Chua WL, Liaw SY. Design-
ing and evaluating the effectiveness of a serious game for safe adminis-
tration of blood transfusion: A randomized controlled trial. Nurse Educ
Today. 2017;55:38-44.

Yildiz H, Demiray A. Virtual reality in nursing education 3D intravenous
catheterization E-learning: A randomized controlled trial. Contemp
Nurs. 2022;58(2-3):125-37.

Al-Moteri M, Alrehaili AA, Plummer V, Yaseen RWH, Alhakami RA, Thoba-
ity AA, Faizo NL: Rapid Visual Search Games and Accuracy of Students’
Clinical Observation Skills: A Comparative Study. Clinical Simulation in
Nursing .2021;55:19-26.

Astarini MIA, Juwita L, Setiawan AH. Comparison of learning method
effectiveness between jigsaw and team game tournament on achieve-
ment and interpersonal relationship skill i nursing freshmen. Indonesian
Nurs J Educ Clinic (INJEC). 2018;3(1):63-70.

Bellan MC, Alves VC. Neves MLdS, Lamas JLT: Revalidation of game for
teaching blood pressure auscultatory measurement: a pilot study. Rev
Bras Enferm. 2017,70(6):1159-68.

Borg Sapiano A, Sammut R, Trapani J. The effectiveness of virtual
simulation in improving student nurses'knowledge and performance



Nylén-Eriksen et al. BMC Medical Education

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

(2025) 25:140

during patient deterioration: A pre and post test design. Nurse educa-
tion today. 2018;62(ned, 8511379):128-33.

Calik A, Cakmak B, Kapucu S, Inkaya B. The effectiveness of serious
games designed for infection prevention and promotion of safe behav-
jors of senior nursing students during the COVID-19 pandemic. Am J
Infect Control. 2022;50(12):1360-7.

Chang C-Y, Chung M-H, Yang JC. Facilitating nursing students’skill
training in distance education via online game-based learning with the
watch-summarize-question approach during the COVID-19 pandemic:
A quasi-experimental study. Nurs Educ Today. 2022;109:105256.

Chang C-Y, Kao C-H, Hwang G-J, Lin F-H. From experiencing to critical
thinking: a contextual game-based learning approach to improving
nursing students’ performance in Electrocardiogram training. Education
Tech Research Dev. 2020;68(3):1225-45.

Chau JPC, Lo SHS, Chan KM, Chan MY, Lee VWY, Lam SKY, Choi KC,
Thompson DR: Development and evaluation of a technology-
enhanced, enquiry-based learning program on managing neonatal
extravasation injury: A pre-test/post-test mixed-methods study. Nurse
Educ Today. 2021;97(ned, 8511379):104672.

Chen AMH, Kiersma ME, Yehle KS, Plake KS. Impact of the Geriatric
Medication Game R on nursing students'empathy and attitudes toward
older adults. Nurse Educ Today. 2015;35(1):38-43.

Cook NF, McAloon T, O'Neill P, Beggs R: Impact of a web based interac-
tive simulation game (PULSE) on nursing students’ experience and
performance in life support training--a pilot study. Nurse Educ Today.
2012;32(6):714-720.

Garcia-Viola A, Garrido-Molina JM, Marquez-Hernandez \VV, Granados-
Gamez G, Aguilera-Manrique G, Gutierrez-Puertas L: The Influence of
Gamification on Decision Making in Nursing Students. J Nurs Educ.
2019;58(12):718-722.

Gutiérrez-Puertas L, Mérquez-Hernandez \VV, Roman-Lépez P,
Rodriguez-Arrastia MJ, Ropero-Padilla C, Molina-Torres G. Escape rooms
as a clinical evaluation method for nursing students. Clin Simul Nurs.
2020;49:73-80.

Hall SW, Beck MS. Teaching intimate partner violence education: a
quasi-experimental study exploring gaming and storytelling. Nurs Educ
Perspect. 2021,42(6):371-3.

Havola S, Haavisto E, Makinen H, Engblom J, Koivisto J-M. The effects of
computer-based simulation game and virtual reality simulation in nurs-
ing students’self-evaluated clinical reasoning skills. Comp Inform Nurs :
CIN. 2021;39(11):725-35.

Heinrich C, Pennington RR, Kuiper R. Virtual case studies in the class-
room improve student knowledge. Clin Simul Nurs. 2012;8(8).e353-361.
Hu H, Lai X, Yan L. Improving nursing students' COVID-19 knowledge
using a serious game. Comput Inform Nurs. 2021;40(4):285-9.

Hwang G-J, Chang C-Y. Facilitating decision-making performances in
nursing treatments: a contextual digital game-based flipped learning
approach. Interact Learn Environ. 2020;31(1):156-71.

Juwita L, Sari NP, Septianingrum Y. The effect of team game tourna-
ment (TGT) cooperative learning method application towards learning
motivation and achievement. Indonesian Nurs J Educ Clinic (INJEC).
2017;2(2):154-63.

Kang J, Suh EE: Development and Evaluation of "Chronic lliness Care
Smartphone Apps" on Nursing Students’Knowledge, Self-efficacy,

and Learning Experience. Computers, informatics, nursing : CIN
2018;36(11):550-559.

Kim H, Kim B: Effects of Situation-Based Flipped Learning and Gamifica-
tion as Combined Methodologies in Psychiatric Nursing Education: A
Quasi-Experimental Study. Healthcare 2022;10(4):644.

Kinder FD, Kurz JM. Gaming Strategies in Nursing Education. Teaching &
Learning in Nursing. 2018;13(4):212-4.

KurtY, Ozturk H. The effect of mobile augmented reality applica-

tion developed for injections on the knowledge and skill levels of
nursing students: An experimental controlled study. Nurs Educ Today.
2021;103(ned, 8511379):104955.

Lancaster RJ. Serious Game Simulation as a Teaching Strategy in Phar-
macology. Clin Simul Nurs. 2014;10(3):E129-37.

Lee Farra S, Smith S, Lee Gillespie G, Nicely S, Ulrich DL, Hodg-

son E, French D. Decontamination training. Adv Emerg Nurs J.
2015;37(2):125-33.

103.

104.

105.

107.

108.

109.

112.

113.

114.

117.

118.

119.

Page 37 of 37

LuoY, Geng C, Pei X, Chen X, Zou Z. The evaluation of the distance
learning combining webinars and virtual simulations for senior nursing
students during the COVID-19 period. Clin Simul Nurs. 2021,57:31-40.
Maddineshat M, Yousefzadeh MR, Mohseni M, Maghsoudi Z, Ghaffari
ME: Teaching ethics using games: Impact on Iranian nursing students’
moral sensitivity. Indian J Med Ethics. 2019;4(1):14-20.

McLafferty E, Dingwall L, Halkett A: Using gaming workshops to prepare
nursing students for caring for older people in clinical practice. Int J
Older People Nurs. 2010;5(1):51.

Mitchell G, Leonard L, Carter G, Santin O, Brown Wilson C. Evaluation of
a’'serious game’on nursing student knowledge and uptake of influenza
vaccination. PLoS ONE. 2021;16(1):e0245389.

Molina-Torres G, Cardona D, Requena M, Rodriguez-Arrastia M,

Roman P, Ropero-Padilla C. The impact of using an “anatomy escape
room”on nursing students: A comparative study. Nurs Educ Today.
2022;109:105205.

Rachayon S, Soontornwipast K. The effects of task-based instruction
using a digital game in a flipped learning environment on english oral
communication ability of thai undergraduate nursing students. English
language teaching (Toronto). 2019;12(7):12.

Sanko JS, Gattamorta K, Young J, Durham CF, Sherwood G, Dolansky M.
A multisite study demonstrates positive impacts to systems thinking
using a table-top simulation experience. Nurse Educ. 2021;46(1):29-33.
Soyoof A, Reynolds BL, Shadiev R, Vazquez-Calvo B. A mixed-methods
study of the incidental acquisition of foreign language vocabulary

and healthcare knowledge through serious game play. Comp Assisted
Language Learning. 2022;37(1-2):27-60.

Thornton Bacon C, Trent P, McCoy TP. Enhancing systems thinking for
undergraduate nursing students using friday night at the ER. J Nurs
Educ. 2018;57(11):687-9.

Wu S-H, Huang C-C, Huang S-S, Yang Y-Y, Liu C-W, Shulruf B, Chen C-H:
Effect of virtual reality training to decreases rates of needle stick/sharp
injuries in new-coming medical and nursing interns in Taiwan. J Educ
Eval Health Prof. 2020; 17:1-1.

Zaragoza-Garcia |, Ortuno-Soriano |, Posada-Moreno P, Sanchez-Gomez
R, Raurell-Torreda M. Virtual simulation for last-year nursing graduate
students in times of Covid-19: a quasi-experimental study. Clin Simul
Nurs. 2021;,60(101486408):32-41.

Zehler A, Musallam E. Game-based learning and nursing students'clini-
cal judgment in postpartum hemorrhage: a pilot study. J Nurs Educ.
2021;60(3):159-64.

Zwart DP, Goei SL, Noroozi O, Van Luit JEH: The Effects of Computer-
Based Virtual Learning Environments on Nursing Students’ Mathemati-
cal Learning in Medication Processes. Research and Practice in Technol-
ogy Enhanced Learning. 2021, 16.

Dichev C, Dicheva D. Gamifying education: what is known, what is
believed and what remains uncertain: a critical review. Int J Educ Tech-
nol High Educ. 2017;14(1):9.

Seaborn K, Fels DI. Gamification in theory and action: A survey. Int J
Hum Comput Stud. 2015;74:14-31.

Lateef F. Simulation-based learning: Just like the real thing. J Emerg
Trauma Shock. 2010;3(4):348-52.

Landers RN, Auer EM, Collmus AB, Armstrong MB. Gamification science,
its history and future: definitions and a research agenda. Simul Gaming.
2018;49(3):315-37.

Heyn LG, Brembo EA, Byermoen KR, Cruaud C, Eide H, Flo J, Nordsteien
A, Overgaard G, Egilsdottir HO. Exploring facilitation in virtual simulation
in nursing education: A scoping review. PEC Innovation. 2023;3:100233.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Game-thinking; utilizing serious games and gamification in nursing education – a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Eligibility criteria
	Information sources and search strategies
	Selection process
	Data collection process
	Data items
	Outcomes

	Other variables
	Study risk of bias assessment
	Effect measures
	Data synthesis and analysis
	Preparation of data; serious games or gamification?
	Narrative synthesis
	Meta-analysis

	Reporting bias assessment
	Certainty assessment

	Results
	Literature search results and general characteristics of the included studies
	Literature search results
	General characteristics of the included studies

	Narrative synthesis
	Gamification
	Digital interventions (n = 22)
	Simulation
	Augmented Reality (AR) or Virtual Reality (VR)
	Gamified applications or platforms

	Analogue intervention (n = 9)
	Simulation
	Other gamified educational content

	Analogue and digital intervention (n = 4)
	Game attribute categories for gamification interventions

	Serious game
	Digital interventions (n = 23)
	Simulation
	Other digital SG
	Analog interventions (n = 6)
	Escape room

	Other analog SG interventions
	Analogue and digital intervention (n = 6)
	Simulation
	Game attribute categories for serious game interventions

	Meta-analysis
	Meta-analysis of the academic achievement
	Meta-analysis of the academic knowledge performance

	Meta-analysis of the academic skill performance
	Quality appraisal

	Discussion
	Summary of main results
	Game-thinking
	Challenges in the available evidence – ambiguity and lack of consensus

	Nursing students and game-thinking
	Strengths and limitations

	Conclusion
	Acknowledgements
	References


