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Digital serious games in developing nursing clinical
competence: A systematic review and meta-analysis

Dhivya P. Thangavelu a, Apphia J.Q. Tan b, Robyn Cant ¢, Wei Ling Chua b, Sok
Ying Liaw b

JAMDA 113(2022) 105357
doi: 10.1016/0260-6917.117597
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F (Find)—%

REAKEIFTAMHEEER

of NMursing and Allied Health Literature (CINAHL), Embase, Psychinfo,
Scopus, Web of Science, Cochrane Central Register of Controlled Trials
and Education Resources Information Centre (ERIC). The idea of using
gaming and the internet in healtheare education already existed before

2010 (Chaffin and Maddux, 2004; Skiba, 2008). Subsequently, the use of
compiter-based programmes in healtheare education started to pick up
(Cook et al., 2010). Therefore, we widened the data parameters to

ensure that as many relevant studies could be included as possible.
Additionally, grey literature databases such as ProQuest Dissentations
and Theses were scanned. Additional hand searching included relevant
jourmals such as Clinical Sirmulotion in Nuwrsing, Nurse Education Today and
Games for Health Journal, as well as the reference lists of relevant re-
views, A list of index terms was identified after an initial search on the
Medical Subject Headings (MeSH) database. Additional keywords were
also selected through discussion with the research team and a search in
relevant systematic reviews. The combination of search terms included:
‘serious  games’ ., C‘gamification’, ‘video games’, ‘electronic games®,
‘computer games’, ‘wvirtpal games’, ‘nurses’, ‘nursing  education”,
‘teaching”, and ‘education’. Search strategies for each database were
developed accordingly to specific database recommendations with the
use of Boolean operators (see Appendix B).

A comprehensive search of literature from January 2000 to July 2021
was conducted using eight databases: PubMed, Cumulative Index of
Nursing and Allied Health Literature (CINAHL), Embase, Psychlinfo,
Scopus, Web of Science, Cochrane Central Register of Controlled Trials
and Education Resources Information Centre (ERIC). The idea of using
gaming and the internet in healthcare education already existed before
2010 (Chaffin and Maddux, 2004; Skiba, 2008). Subsequently, the use of
computer-based programmes in healthcare education started to pick up
(Cook et al., 2010). Therefore, we widened the data parameters to
ensure that as many relevant studies could be included as possible.
Additionally, grey literature databases such as ProQuest Dissertations
and Theses were scanned. Additional hand searching included relevant
journals such as Clinical Simulation in Nursing, Nurse Education Today
and Games for Health Journal, as well as the reference lists of relevant
reviews. A list of index terms was identified after an initial search on the
Medical Subject Headings (MeSH) database. The combination of search
terms included:‘serious games’, ‘gamification’, ‘video games’,
‘electronic games’,‘computer games’, ‘virtual games’, ‘nurses’, ‘nursing

education’,'teaching’, and ‘education’.

HhABPubMed + CINAHL + Embase * Web of Science -
Medline¥1CochranelE
1 B 2021 £ 7 BEARAY 8L

SESFEFHIEE - FH2000 F
¥ (£ FH EA B2 5 1M eSH1ilg 5
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F(Find)-tH R 2 & 2IFr A MHEIE TR
(A0 A B EBR IR 15)

A three-step screening process was undertaken by researchers (DT and AT) to select

the studies for INClUSION. First, duplicates were removed. Next, DT and AT
independently screened the titles and abstracts for appropriate studies. Last,
articles selected were carefully reviewed in their full-text form independently by DT
and AT. Any discrepancies in article selection between DT and AT were resolved
through frequent discussion. If the disagreement between DT and AT could not be
resolved, a third experienced reviewer (SY) was consulted. The studies were
selected if they met the following criteria:

1. Studies were randomized controlled trials (RCTs) and quasiexperimental
studies (QETs).

2. Interventions were computer- or mobile-based and incorporated gaming
design elements.

3. Interventions were compared with a non-intervention group or other forms of
educational interventions including but not limited to flipped classrooms,
simulations and traditional lectures.

4.  Study populations consisted of nursing students or registered
(trained/qualified) nurses.

5.  Studies were published in English in a peer-reviewed journal.

_|Studies were excluded if the gaming intervention was not computer or mobile-

based, did not include nurses or nursing students as the study sample, or was not
published in English language within the years 2

conference proceedings were also excluded as the authors may not be able to

appraise article quality.
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Records removed before
screening:
Duplicate records removed
(n=2001)

Records excluded™™
(n=1704)

Reports not retrieved
(n=0)

3793 records identified from:
CINAHL (n =585)
§ Cochrane (n =197)
3 EMBASE (n =791) A
= ProQuest (n =64) >
= PsychINFO (n =82)
§ PubMed (n =625)
ERIC (n =486)
Scopus {n =1029)
Web of Science (n =354)
Target Journals (n =14)
Hand search (n =6)
Records screened —_—
(n =1792)
g .
s
@ Reports sought for retrieval
3 (n = 88) -
Reports assessed for eligibility
(n = 88)
Studies included in review
g (n =22)
S Reports of included studies
= (n =22)

Reports excluded:
Not randomised controlied
trial or guasi-experimental
studies (n =18)
Randomised controlled trial
protocols (n =6 )
Not student or licensed
nurses (n= 14)
Not web or mobile based
serious game (n=21)
Outcomes measured do not
fall under relevant nursing
competencies (n=7)
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A risk assessment was conducted
independently by DT and AT. The risk of bias
graph and summary of 17 studies are
displayed in Appendix C. Most studies
reported participant randomisation. However
risk of selection and performance bias was
high in an estimated 50% of the studies
because of lack of allocation concealment ang
the inability to blind participants to the SG
intervention. All studies reported full
outcome data, and there were no other

Risk of bias assessment was conducted using the
Cochrane Collaboration's Risk of Bias tool (Higgins et
al., 2011; Page et al., 2021). Studies were evaluated a
low, unclear or high risk by the following criteria:
random sequence generation and allocation
concealment (selection bias), blinding of participants
and personnel (performance bias), blinding of
outcome assessment (detection bias), incomplete
outcome data (attrition bias), selective reporting
(reporting bias) and other potential biases. As our
review also included one-group pre—post designs, the
Joanna Briggs' Institute (JBI) Critical Appraisal Checklist
for QuasiExperimental Studies (Tufanaru et al., 2017)
was also utilised to assess the risk of bias.

A risk assessment was conducted independently by

potential biases present. QETs

DT and AT.
\ P.2-3

FAROBJT > (ifsd LA, -
e R A E 1532
Elifh?zﬂiiﬁ“\ E

FHDTHIATYEZ A 1L HET T A& Y
piEA LA S =(EFE - H
BERA—BIESAB =AM
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A risk assessment was conducted
independently by DT and AT. The risk of bias
graph and summary of 17 studies are displayed
in Appendix C. Most studies reported
participant randomisation. However, risk of
selection and performance bias was high in an
estimated 50% of the studies because of lack
of allocation concealment and the inability to
blind participants to the SG intervention. All
studies reported full outcome data, and there
were no other potential biases present. QETs
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 5% 50% 75%  100%
Bl High risk of bias

B Low risk of bias [ Junclearrisk of bias

Appendix C: Cochrane Risk of Bias summary and graph
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MAX RN (Table 1)

Table 1
Study characteristics,
Authar/year/ Design Aim Farticipants Intervention and Features af serious game Findings (knowledge, skills, attitude/vahae) Campetency
couniry compirator domein
Bayram and RCT To measure effectivencs of gameshased 86 norsing shudents Virtual reality Narrative scemario on Enowiedge: Procedural
Calishem, 3119 wrirtal reality phone application on n = 43{experimental) phone application tracheostomy Mo difference between pra and post-test mean skilks
[Tarkey) tracheostomy care education o = 43(contrel) Playtimes 10 min Participant assumes Grst- knowledge score of bath groups (p = .568)
Comparator: Nil persan player of a nurse Skill:
Nomeplayer character guides Post-test gkill performance soores in
player throughoue experimental group significantly kigher overall
Six stages of procedural steps  (p < 0.017), but not significant for aspect of inner
of trachenstomy cire cannula cleaning
Manlest sl 202 RCT Coampare effectivensss of 5G and 16 marsing studemnis Computer-based 8G  Free navigation in 3D Enowledge: Clinieal
(Framce) traditional tesching method in N = 73 (intervention) Comparalon: paper-  environment Seript comordance $oooes were not Significantly  reasoming skills
improving clinical reavoning for N = 73 (control group) baged case study Narrative scenarios on post different between groups immediately after
detecting patient deteriorstion and PowerPoing operative haemorrhage and intervention (p = 0.43) and ooe month post
lecture brain traumsi in elderly Intervention {p = 0.77)
Interaction with virtual patient
through seroll-down menu of
predetermined oplions
HAocess bo patient fle and
ability 1o eall virtsal physician
o present lhe case
Three consecutive levels of
progressing difficulty
Dondaetal, 2015  RCT Evaluaste complementary CPR 56 109 mursing students Computer lowed 5G Participant takes role of helper  Skill: Procedural
(Spain} additionally to 4 mannequin-based N = 42 (simulation group)  and manoequin- in emergency virtual Sigmificantly higher performance scores in 3G =kilks
training in undergraduate nursiog N = &7 [5G group) based simulation environment group compired to mammequin trained group
students training Incarrect actions aned time
Campirator delays are penalized through
manneguin-bised derrmsing seore and patient
dmulation iraining  death
Interface shows participan
progress and actions taken
Bodl et al, 207 QET Explore effectiveness of didactic, online 115 mursing stndents Computer:bassd Avatar representation of Enowledge Marsgement of
[UBA] modules and gamification in tesching n = 31 (didartic) gamification player Gamification group had significantly higher nursing care
wonnd, pain and fall manxgement n = 32 {onkine modube) maodile (World of Virtual environment of fimgles  kmowledge scores than other groups (effed s
n = 52 (gamification} Salus) and coasts OL26).
Comparibir Various teaching strafegies Pesit hoe test demomserte that gamification
didactic teaching such as drag and drop, videas,  group had significantly higher scores than both
Online modules matching, whiteboards the didactis and online midule group in pain and
Print reward system and Eall knowledge
Iemader aard
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Table 1
Study characteristies,
Authar/year/ Design Aim Parlivipants Intervention and Features of serious game Finings (knowledge, skills, attitude value) Competency
country comparaor domzin
Changeial, 3040 RET Evaluate an ECG 5 in enhancing 72 dth year nursing Computer based Story plot clinically melaied — Knovledge: Clinical
(Taiwan) shidents' kearning motivation and shudents game Scoring system through Experimental group performed significantly reasaning skilk
performance N = 56 (peperimental Playtime: 120 min~ eollacting 'gold coins” better than control group (F = 2208 p < 0.001)
group) Compérator: Hints peonided during wrong  Experimental group hiad higher eritical thinking
K = 5 (control group) tracditional moves ferdencies {F < 62976, p < 0,001)
instruction
Chee et il, 2019 RCT Evalution of mre-patien 5G in 46 registened nurss Computer bmsed 86 Avitar represéntation af Skill: Procediral
(Singapoes) teaching coerect inhaler fechnigues N = 20 murees Comparator: wsual — players Experimental group demanstrsted higher skilk
(xparimental group) teaching methods — Multiple minigomes (pueske  (@aching performince score(t = -276,p < 0.01]
N = 23 nurses {eantral maiching, quizzes)
groug) Scaring system
lmmetliate feedback
Conketal, 2012 Pilob BCT  Evaluate impact of ineractive web-based 32 undergraduate mursing— Computer based Five lovels with progressing ~ Skill: Pracedural
(LK) samukation game in life support training  Sudents simukation gime levels of difficulty Mo significant difference betwesn both groups kil
N = 18 (intervention Comparator: Nil Time chalkenge fir ABCDE approach p = 0.642) ared chest
group) Scnring system compressions {p = (.64
N = 16 (contro] group] Intervention group scored Sienificantly belter in
Feedback according to players’  checking equipment {p < (.014), aivway
decigians assezsment [p = 0,03) and safe use of defibrillator
p = 0.048}
el Mnnco = al, RCT Evaluating a videogame for nursing and 132 nursing and meadical Camputer based Mixed multimeddia Adtitudes Management of
2017 {Spadn) medical studenty’ visil to operating studenis videogame Includes virtual OT Participants in inter inn growp d muarsing cane
theatre (OT) N = 62 students (congeol Comparasor: Nil enviromment, Common significantly pasdtive effects in ~perceived
group} elements, scrubbed and o knowledge” (p < 0.000), “perveived errors
N = 70 students scrubbed surgical personnel committed” {p < 0L.017) and “attitudes and
{experimental group) Feedback provided after game  behavior towards patients and staf” (p < 0.018)
is completed as compared 1o the control group
‘Fear to make mistakes” was not sigrificant
between groups (p = U123
Parsi elal, 2020 RCT Evaliating the difference in educating 54 nursing stud SG using a smart Self and feedback  Knowledg Procedural
(Irzn) mirrsing students on CPR when wsing the 56 group (n = 18) phone platform after sach completed fask No significant difference between the simulation kil
traditinmal simulation traming with a Simulation group (n = 18) Comparator: Unlimited tries in-game intervention group and the £G group in
Juin verss SG ing an the Control group (n = 18} Mannequin based knowledyge postbest
smartphone simubation Shows how:

Far the skill postiest, the simulation and 5G
graups were significantly different from the
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A AR5 (Table 1)

Table 1
Study characterlsties,
Authar/year/ Design Aim Participants Intervention and Features of serious game Findings (knowledge, skills, attitude value) Campetency
country comparaor domzin
Foss et al., 2004 RCT Examine if medication calculation game 201 mursing stodents Camputer based Threepart game (Traning, Enmwleadpe: Procedural
[Narway ] could improve examination results of online game self-testing, examination Participants in the intervention group who skills
nirsing students Comparator: Nil fuestions} pasged the examination played an average of
Time challenges A fitimes, while those whi failed played 1. Trimes
Senring system [ = OLO0F)
Immediate feedlkck and Average gaming score significantly higher for
cillactive point score upan thase who passed the examination (p < 0.02)
completion
GoHérrer-Paertns RCT To design and develop a mabile 184 misrsing students Guess 1t (SVLIAL) Time challenge Enewhedpe: Procedural
et nl., H21 application {app) @ help nursing Experimental {n = 92) mabile app Player who goess= mare Sratistically significant differences were found skilks
[Spadm) students acguire and retain knowledge Contral [n = 92) Playtime: 90 min AMSWETS Wills betiveen the sxperimental and contral groups (p
abienyt Basic and Advanced Life Suppart Comparator: Nil < 0.05)
technigues Statistically significant differences wene
observed between the retest (3 weeks later)
restlts of the control and experimental groups
{p = 0.003)
Halss pf ol , 2020 One Investigate the effert of Seriousseapnl 119 mursing students, 77 Computer baswsd Mixed multimedia of film clips  Enewledge Management of
{Metherlands) ot on geriatric knowledge of nursing first year murses, 44 interactive platform  Mubtiple-choice questions Significant increase of geriatric knowledge for nimrsing care
pre-post students and murse vocsional murses Comparator: Nil Storytelling based on real Life ired group (p = LO02)
test sibiratiems
Huung and QET Explore effectiveness of intravenous 56 nurking sudents Campuiber based Mixed multimedia (images, Enowledge: Procedural
Chang, 2020 injection game N = 2B experimental group  game, flipped videos) for leaming resources Experimental group had significantly higher skilk
{Taiwin) and 28 studenis in control  learning approach Players mist pass knowledge  knowledye scores than control group posttest
group Comparator: Video: bist in game 10 complete it = 0,19, p< 0.001)
biased lipped
learning
Jumen et al., Filot QET  Evaluaste effectiveness of a 5G in 53 clinicians (nurses, Computer based Game enviromment resembled  Knowledge: Quility
2015 {USA) adberence to end-idal carbon dioxide respicatory therapis, online game bkt ball eourt Simificant improvement in post-lest knowbedy imipr t
monitoring protocel physicians, nures Comparator: Nil Playess requdred to catch [p = 0.03)
practitioner, physician corrert basketball (displaying Skl
sidant) correct answer) correspanding Statistically significant improvement in
to the iniltiphe-choice acdherence to the protocsd afler intervention,
fuestions even after 3 months
FPlayers required to pass two
prame levels
Print system
Katag and Suh. Evaluating a gamifisd chronic llness Vit environment Enewhedge: Management aof
2018 {Korea) catre smariphone application Twa storylines relating s Significant difference in post-test hypertension nrsing care

o T

S5t FRFEME
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A A S RR¥5 1 (Table 1)

Table 1 (contimued)
Author/year/ Design Aim Farticipani Intervention and Featires of sérivus game Firsdirygs Orroveledge, skills, atitude/valie) Competéncy
coumtry romparior domiain
52 sturlenis Smirtphone caring fir patients with knowleclye (¢ = 441, p < 0.001) and diabete
i 4% {experimental}n = application hypertension and dizbetes knowledge (t < 245, p = 0.009) bétween
% (contral group) Comparatar: Nil Searing system based on experimental and controd group
playersapproprste:actins o
patient care
feyseial, 2000 PilotRCT  Ta compare traditional presimufation 20 norsing students Computer-based Players experience rols ofa Skill: Procedural
(Carssda) preparatian i 4 virlual simudation game  Inlervention group gamE mirse caring for a patiend in~ Cwerall performance scones weee denificmtly kil
in addition to traditional pre-simolation (o = 18] Maytime 15 min carddiae armest greaier for participants m the infervention grogp
preparation durimg & resuscitation. Cantral graup Compiarear: Can only advance in gime thian foor the comized group (p = 0.003)
oriented clinical smulkition (n=10) mamiequini-based  after giving corect response
simukation Emmeiate feedback an
incarmact respinse
Leiermeyerand  Orie To evalusate the edfect of a computer 60 regstered marses Computer-based Interictive feedback (sooring,  Atttude: Legal and
Saeky, 2016 group pame an murses’ self-peroeived el peer feadback) Self-pezception of jurisprudence knowledge ethical practice
(Camafa prepist  Jnowledge on jurisprudence Comparator: Nil Progressing leveds
fest
Mitctuel] it al, (e Evaluiate the effect of 4 86 about 124 first year nursing Compuiter-based Players receive foedback and  Knewledpe: Marapement ol
2031 UK} group influema, on nursing student attide,  shudenis game firther information on ech Nursing students scored an averge of 68 6% pre:  nursing cire
prepost  knowledge and uplake of the infloenza Comparater: Nil ijuestion they answer inthe  intervention and B5.2% post-intervention,
et varination. AITE demomstrating & statistically significant increse
Leader board (p = 0.001].
Onmlletnl 2018 One Evaluatinga point of care interventionof 50 registered nurses (week  Mobile technobogy — Viden vignettes and case Knowrledye: Crality
(URA) group nirses’ knowledge of best practices for - 0.2 platfoen studies Statistically significant increste in mowledge  improvement
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series infertioms first phase {week 2-8) muliiple dttempts
design Dashbecards with peer rankings
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M A X R E(Table 1)

Table 1
Study characteristies,
Authar/year/ Desizn Aim Participants Intervention and Features of serious game Findings (koowledge, kills, attitude vahae) Campetency
country compirator domuin
i, 2017 QET To develop 30 medical simulation game 102 mising sfudents Compiter bass] Fire game levels Knmihedge: Managemént ol
[ Taiwan] and asess effectiveness on students' 0= 3 (infervention} anline game Plaryers must complete tasksio  Leaming achisvement of experimental grop nursing care
lestrming anxiety and motivation (30 =34 (rontral group 1) Playtime: 100 min~ progress significantly higher than atfer control groups (F
cardiae catheteristion game-basd n = M (contral group 2 i 1 week Virtual examination oo, = 2153, p o DO01).
leaming) Compardtor: Webe  clinic and procedural room
bised s leaming, Participants adapt first person
textbased kearning  plyer
Time cha berges
Tmielal, 3117 RCT Evalnite the ellectiveness of 2 binod 1033 year nursing sudents  Compiter hased Three game stages Knomiledge: Procedimal
[ Singapore) transfiion S i = 57 (intervention) anling game Virtuit! hospital ward Significantly higher scores in knowledge (F = skilly
f = 46 (rontrol} Maytime: 30 min Parficipant (ke on role of -~ 1146, p < 0L001) and confidence (F = -9.04, p
Camparator: Hil first-player rale through avatar - < 0.001) in intervention groop compared i
(staff merse} cionitral jgronig
Mubtiple mini games Shows how:
Ferdlrck provided after sich Mo diffierence in skill performance between both
minigame groups (= 1.64, p = 0.105)
Frese navigation for sénse of
contral
Yerkuyl & ol RcT Compare virual gaming simulation and 47 nurdng studens Camputer based Mixed reality in the computer  Enowledpe: Maragement ol
2017 {Canada] [absiratory smulation i prediatric 0 = Di{experimentid) gaimingg dimulation  ganse {vided clips) Oy experimentdl groip had sgnificant nursing cire
kniowleclge, selfefficacy and satisfaction = 24(coniral) Playtime: 60-60 Participend takes on firs Improvement in knowledge (1 < -212 p =
min player role 0.043)
Comparaior: Scaring system
Mennequinbased  Feedlck provided at each
simulation decision point
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3.3, Development of nursing competencies

The reviewed studies identified the application of 5Gs in the devel-
opment of five core competencies: management of nursing care, clinical
reasoning skills, procedural skills, quality improvement and legal prac-
tice. These core competencies were identified from referencing the do-
mains of nursing competency by international standards and literature
réeviews {Cronenwett ef al., 2007; Liv and Aungsuroch, 2018).

3.3.1. Muonogement of nursing care

Seven studies applied 5Gs to develop nurses' abilities to provide
holistic care in the delivery of nursing assessment, implementation and
evaluation for clients with specific needs or specialised care. The areas of
care covered by these 8Gs induded fundamental gare (eg. fall, wound
and pain management; Broll of al, 2017), chronie fllness management
(hypertension and diabetes; Kang and Suh, 201 8), geratric care [Habes
ef al., 2020), paediatric postoperative care (Verkuyl of al, 2017), car-
diae catheterisation care (Su. 2017), influsenza care (Mitchell et al,
2(121) and exposure to the operating theatre setting (Del Blanco o al,
20017). Using a scenario-based approach, these 8Gs allowed players to
assume the role of a nurse (o perform holistic care involving nursing
assessment, implementation and evaluation (Habes et al., 2020; Verkuyl
et al., 2017).

332 Clinical reasoning skills

Twao 5Gs were related to the application of decision-making and
problem-solving skills in the interpretation of electrocardiograms
(Chang et al , 2020) and detection of patient deterioration (Blanie of al.,
2000). Chang ef al. (20201 embedded gaming elements, such as chal-
lenges (e.g. finding problems in electrocardiogram clinical contexts and
clinical decision-making) and storylines, to enhance the gaming fantasy
and learners’ curiosity. Blanic ot al (2020) immersed the players in a
three-dimensional world and gave them identities through avatars to
problem-solve patient deteriorating scenmarios. also providing perfor-
mance feedback and scoring,
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3.3.3. Procedural skills

Ten studies described SGs in the context of developing nursing
abilities in performing procedural skills. These procedural skills
included intravenous injection (Hwang and Chang, 2020), tracheostomy
care (Bayram and Caliskan, 2019), medication calculation (Foss et al.,
2014), blood transfusion (Tan et al., 2017), inhaler techniques (Chee
et al, 2019) and cardiopulmonary resuscitation techniques (Boada
et al., 2015; Cook et al., 2012; Farsi et al., 2021; Gutiérrez-Puertas et al.,
2021; Keys et al,, 2020). In these SGs, the players were given the role asa
nurse to perform multiple-level nursing procedures with time chal-
lenges, scoring systems or feedbacks (Chee et al., 2019; Cook et al,
2012; Farsi et al., 2021; Foss et al., 2014; Keys et al., 2020; Tan et al.,
2017). Sensory stimuli through an interplay of acoustics, graphics and
mixed multimedia of real-life video clips, pictures and graphics were
incorporated to enhance players' visualization of the procedural skills
(Bayram and Caliskan, 2019; Boada et al., 2015; Farsi et al., 2021; Keys

et al., 2020).

3.3.4. Quality improvement

Two SGs were applied to improve nurses' abilities in quality
improvement by enhancing their adherence to the hospital best practice
guidelines or protocols (Jansen et al., 2018; Oneill et al., 2018). Oneill
et al. (2018) involved the use of a mobile technology platform that
enabled nurses to log into the portal to complete a structured handover
for patients who had indwelling Foley catheters, and to complete
catheter-associated urinary tract infection educational modules with the
incorporation of quizzes, feedback and competition. Jansen et al. (2018)
developed an SG computer game to educate on end-tidal carbon dioxide

(ETCO2) monitoring and interpretation.

3.3.5. Legal practice

Legal practice was considered by one study. This study investigated
the use of a computer-based game in improving registered nurses’
knowledge of jurisprudence, which incorporated elements such as
scoring and ability to provide peer feedback, as well as progressive game

levels (Lemermeyer and Sadesky, 2016).
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Fig. 2. Meta-analysis of serious games on knowledge.
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Most of the reviewed studies were conducted on nursing students
and focused mainly on short-term outcomes.

Among the three studies conducted on registered nurses, two
focused on the competency of quality improvement and one
evaluated the effectiveness of an ETCO2 video game on hospital staff
adherence to the hospital protocol.

In congruence with our review, the limited research on SGs for
continuing nursing education was also highlighted in an earlier
review (Gong et al., 2019).

Given the possible effect of SGs on nurses’ workplace practice, more
SGs could be developed to target them in continuing professional
education, to keep their competencies up to date.
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» A review of 22 eligible studies demonstrated the application of SGs to
develop nursing competencies in management of nursing care, clinical
reasoning skills, clinical procedural skills and quality improvement.

» However, the risk of bias and heterogeneity of the included studies need
to be taken into consideration.

» Our review concludes the following gaps should be filled to advance the
use of SGs in nursing education.

(1)SGs to develop nursing competencies such as communication,
teamwork and clinical reasoning should be developed and evaluated
using appropriate tools.

(2)The effect of SGs on skills performance should be evaluated when
used with mannequin-based simulation.

(3)The effect of gaming elements on nursing students and nurses' long-

term learning acquisition and clinical practice outcomes needs to be
evaluated.
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« More SGs are required to be incorporated into
undergraduate and continuing nursing education for
workplace training, with rigorous studies to examine
the effect of SGs in developing and sustaining nursing
competencies for the quality and safety of clinical
practice.
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