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Background: Neonatal resuscitation is a critical skill that requires regular training and practice;
however, traditional training methods are often limited by accessibility, cost and engagement.
Serious games (SGs) have emerged as a promising educational tool to address these challenges.
This systematic review assesses the effectiveness of SGs in neonatal resuscitation education.

Objectives: This systematic review assesses the effectiveness of SGs in neonatal resuscitation
education.

Methods: This systematic review followed the preferred reporting items for systematic reviews
and meta-analysis guidelines and utilized a comprehensive search strategy across multiple
databases (PubMed, Scopus, Web of Science, Embase, Cochrane and ProQuest) using keywords
and MeSH terms related to neonatal resuscitation and SGs. Studies published in English up to July
25, 2024, focusing on SGs for neonatal resuscitation training were included. Two independent
reviewers screened titles, abstracts, and full texts, resolving disagreements through discussion.

Results: SGs were as effective as video lectures in improving neonatal resuscitation

performance. Also, remote digital SGs provided interactive and enjoyable learning experiences

for anesthesiologists and pediatric trainees. Paramedics and registered nurses significantly

: improved neonatal resuscitation performance and knowledge using SGs. Nursing students

Key Words: ¢ exhibited increased knowledge, problem-solving abilities and self-confidence with virtual

Neonatal, Resuscitation, reality-based SGs.
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Education, Training,
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Conclusions: SGs demonstrate promise as a complementary tool for neonatal resuscitation
education. They can enhance knowledge acquisition, and skills development, and potentially
improve motivation and engagement. However, further research is needed to optimize game
design, investigate long-term learning outcomes, and assess skills transfer to clinical practice.
Integrating SGs with traditional simulation-based training methods could offer a comprehensive
and effective approach to training healthcare professionals in this critical skill set.
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Introduction

eonatal asphyxia is responsible for 20.9% of
neonatal deaths. Although 90% of newborns
make the transition from intrauterine to ex-
trauterine life without assistance, about
10% need help to start breathing at birth,
and roughly 1% require extensive resuscitation [1-4].
The success of neonatal resuscitation relies heavily on
healthcare providers’ knowledge and skills. Therefore,
the education and training of healthcare professionals in
neonatal resuscitation are crucial to ensure the best out-
comes for newborns needing immediate medical care
[5]. While traditional simulation-based education pro-
grams like the neonatal resuscitation program (NRP) are
effective in improving learning outcomes, gaps in non-
technical skills, such as communication, teamwork, situ-
ational awareness, decision-making and leadership per-
sist [6]. The current simulation-based education model
demands substantial resources, including specialized
equipment, mannequins and instructors, making it time-
intensive, expensive and not widely available in many
healthcare settings [7, 8]. As a result, innovative educa-
tional methods like virtual simulation and serious games
(SGs) are being explored as potential supplements to
traditional neonatal resuscitation training [9, 10].

SGs have expanded their utility beyond entertainment,
finding applications in various fields such as art, military,
healthcare, and medical education [11-13]. The numer-
ous benefits of SGs in educational settings, such as en-
hancing learner engagement and motivation, improving
information retention, and fostering critical thinking
skills, have significantly contributed to their widespread
adoption [14-16]. In neonatal resuscitation training, SGs
offer advantages like controlled, risk-free learning envi-
ronments, opportunities for repetitive practice, custom-
ized training, objective assessment and feedback, easy
accessibility, and a less stressful learning experience
[17]. Various studies have investigated the impact of SGs
on the education and training of healthcare providers in
neonatal resuscitation [10, 18-21]. For example, Sarvan
and Efe demonstrated that SGs effectively enhanced
nursing students’ skills in performing ventilation and
chest compressions [10]. Conversely, Yeo et al. found
that a web-based game did not significantly improve the
knowledge scores and technical skills of healthcare pro-
fessionals in neonatal resuscitation [19].

Acknowledging the mixed results of SGs on education-
al outcomes, this systematic review evaluates their role
in enhancing healthcare professionals’ understanding
and application of neonatal healthcare providers. This
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review underscores the effectiveness of SGs’ adoption
in neonatal resuscitation training outcomes such as

knowledge and skill enhancement.

Methods
Databases and search strategy

This systematic review was conducted based on the
preferred reporting items for systematic reviews and
meta-analyses guidelines. We searched PubMed (Med-
line and PMC), Scopus, Web of Science, Cochrane Data-
base of Systematic Reviews, ProQuest (dissertation and
thesis global databases), and gray literature (Google
Scholar and manual search) up to July 25, 2024. Search
terms were determined after consultation with relevant
experts in information technology, medical informatics,
and neonatal care. Table 1 presents the search strategy
used in the PubMed database. The risk of bias was sys-
tematically examined through the Joanna Briggs Insti-
tute’s specialized evaluation tools designed for quasi-
experimental and randomized controlled study designs.

Eligibility criteria

The population, interventions, comparisons, and out-
comes framework for the research question was formu-
lated as follows: Population=healthcare professionals;
intervention=immersive or non-immersive serious game/
digital game/video game; comparison=any comparison
mentioned in the studies; outcome=learning outcomes.

Studies that investigated the effect of SGs on medi-
cal students’ knowledge of the neonatal resuscitation
process were included in this systematic review. Other
types of information technology (e.g. computer simu-
lation and non-game-based virtual reality, non-digital
games), non-English papers, protocols, conference/con-
gress abstracts, review papers, letters to editors, and a
lack of access to the full text of articles were excluded.

Study selection and data extraction

The EndNote software, version 8 was used to man-
age the results of the search strategy. After eliminating
the duplicated papers, two independent authors (PF
and TSS) checked the eligibility of the results in three
stages: Title, abstract and full text. Disagreements were
resolved through discussion between the authors and
if an agreement was not reached, the third author as-
sisted in resolving it. We extracted data from the in-
cluded papers using a Table in Microsoft Excel, includ-
ing information, such as author(s)/year, aim, samples,
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses flow diagram for the process of identification, selection, and

inclusion of studies

study design, intervention type, assessment variables,
assessment tools, technical characteristics of selected
studies and main findings.

Quality assessment

The Joanna Briggs Institute checklist was used for quali-
ty assessment of included papers by two independent re-
searchers [22, 23]. This checklist was applied to both ran-
domized controlled trials (RCTs) and quasi-experimental
studies. The RCT checklist contained 13 questions, while
the quasi-experimental studies checklist had 9 questions.
These questions were answered with the following op-
tions: “Yes,” “No,” “Unclear,” or “NA.”

Results
Study selection

The selection pathway for the studies was illustrated
using a flowchart, which adheres to the guidelines rec-
ommended by the preferred reporting items for system-
atic reviews and meta-analyses (Figure 1). A total of 289
records were located in various gray literature and data-
base sources. Meanwhile, 201 records remained after
duplicates were eliminated. Out of the 41 papers that
were evaluated for eligibility, 11 records were found to
be eligible for inclusion.
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Journal of Pediatrics Review

ID Query

Results

(“Video games”[mesh]) OR ((serious game*[title/abstract]) OR (gamification[title/abstract]) OR (video
game*[title/abstract]) OR (computer-based game[title/abstract]) OR (digital gamel[title/abstract]) OR (electronic
1 game(title/abstract]) OR (simulation game([title/abstract]) OR (educational game][title/abstract]) OR (game-based 13594
training[title/abstract]) OR (game-based teaching[title/abstract]) OR (game-based learning[title/abstract]) OR
(online game[title/abstract]) OR (web based game[title/abstract]))

2 (Neonatal[title/abstract]) OR (newbornl[title/abstract]) OR (infant[title/abstract]) OR (“infant, newborn”[mesh]) 848953

3 (Education([title/abstract]) OR (train*[title/abstract]) OR (learn*[title/abstract]) OR (medical education[title/ab- 2459775
stract]) OR (“education, medical”[mesh]) OR (“education”[mesh]) OR (learning [mesh terms])

4 1AND 2 AND 3 53

Data extraction

The samples of this research consisted of 11 studies.
The fundamental characteristics of the selected studies
included the elements of authors (year), country, aim/
title, study type, samples, study design, MeanzSD age of
samples, assessment variables, assessment tools, inter-
vention duration, main findings (Table 1) and the tech-
nical aspects included the elements of authors (year),
product name, design software, hardware, game type,
scenario/content of the game (Table 2).

Characteristics of the selected studies

Atotal of 11 studies were identified in relation to the effec-
tiveness of SGs in improving the knowledge of the neonatal
resuscitation process in healthcare providers. According to
Table 1, all studies were conducted between 2020-2024. But
most of them were related to 2022 (5 studies), which indi-
cates the growing trend of serious game design in teaching
the process of neonatal resuscitation in 2022.

In this systematic review, we identified five RCTs and
an equal representation of both experimental and qua-
si-experimental studies, with three articles from each
category. Among the included studies, three originated
from Canada and two from Italy. The remaining selected
articles were conducted in America, South Korea, Turkey,
China, Kenya, and Singapore, with each country contribut-
ing one article. One study was related to Lagos, Nigeria,
Busia, and Western Kenya. The objective of the included
studies was to investigate the impact of the game on
the resuscitation knowledge of healthcare providers.
Healthcare professionals (n=282[38%]) were an impor-
tant part of the people evaluated in the studies (7 and
11). The samples related to pediatric/neonatal residents
(n=100[13%]) (studies 6 and 2) were ranked second. In
the research focused on nursing personnel (n=192[29%)]),
studies involving undergraduate nursing students (study
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8) accounted for ninety (14%), while nursing students
(study 5) were the subject of 83(13%) and registered
nurses (n=4 19[3%]). In other included studies (stud-
ies 9.1 and 10), undergraduate medical students (n=81
[11%]), healthcare providers (HCPs) (n=51 [7%]), and had
the lowest number of samples, respectively.

In the context of evaluating the impact of SGs on
neonatal resuscitation training, the most frequently
assessed variables seem to be knowledge and skills.
These are central to the training’s effectiveness and are
consistently mentioned across various assessment vari-
ables. They are not only fundamental in gauging the im-
mediate learning outcomes (as seen in studies 3, 7 and
8) but also in determining the long-term retention and
application of the training (studies 8 and 11). Addition-
ally, the emphasis on knowledge gain, retention, and
transfer, as well as the influence of a growth mindset on
performance (study 10), underscores the importance of
these core variables. Thus, knowledge and skills serve
as the cornerstone for assessing the efficacy of SGs in
enhancing neonatal resuscitation training outcomes.

In four of the included studies (as seen in studies 5,
6, 7, and 8), the neonatal resuscitation knowledge test
was used to evaluate the groups that represent its sig-
nificance in assessing the theoretical knowledge of neo-
natal resuscitation.

Technical characteristics of selected studies

The use of unity game design software has only been men-
tioned in two games, the virtual reality neonatal resuscitation
gamification program (study 5) and DIANA (study 6), while
other included studies do not mention any game design
software. Unity is a powerful tool that lets creative minds
build exciting worlds and interactive experiences, from video
games to virtual reality adventures [32].
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Table 2. Summary characteristics of selected studies

s8ulpuiy uley

uopeing

uonuaAIxu|

S|00] JUIWISSOSSY

sajqenen
JUBWISSASSY

uoneinaq pJep
-uejs ‘sajdwes
Jo 98y uea|\

usisag Apmis

sa|dwes

adA) Apnas

UL/ /wiy

Anuno)

Jedp ‘(s)1oyiny

‘ON

'spoyiaw Sujulel] |euonipes) 0] S9ALIEUIR)|E SALIRYD
pue aAldeJ e 9q Ued si0lejnwis dwed |eusdip 1eyl sysiysiy Apnis ay] -awn
\Lm>o pauleIsns 10U Ing 9ANI3YS Aj|eniul a1am spoylaw ,.t,oo_ 18431 Suimoys ‘aAIRIZIU] UE M S9SN Spioid ues
Syjuow om3 Jaye sdnoJS Yy1oq ul paul|IaP SIUBWIOHI "Sululely saye Ajaie
18y} |00} 3|qen|eA e s| yoeoidde Sujuiesy
-Ipawiwi 9duewJoad uoneydsnsal ejeuoau s1apinoad aledyyjesy panosduwl
910Wal Sulules| paseq-awes-[eusip ay |
Ajaanoaya (21n3103| 0apIA pue Jole|nwis awes [ensip) spoyisw Sululel) yiog

CRIIE]
-11adxa Suluies)| a|qeAofua pue ‘@Andays

) sajnulw Qg Sulnpua yoea
Ui og-0z ‘suoIssas awes Jno4
aJieuuonssnb uonoejsies uasn pue
‘QUBISSDSSE paseq-aouewlopad ‘S3sa)
93pajmouy Suluies3-1sod pue -aid :S|00L

NIVLIY pJemol sapnimie o Aaains ‘upjiuew e Suisn 3s93-3s0d pue 3sa3-aid

(NIVL3Y) s|euoissajoud aseayljeay Joy awesd ay3
Sulures} uope}ISNSAI PIEMO] SBPNIIE ‘DOUBWIOLISd UOLEISNSAI [EJIRUOSN  YUM UOLDBSIIES PUE ‘S||13S ‘@8pajmouy

(2 '95'1)29'6=2wes [en3iq ‘(z ‘T/'T)98 6-=09pIA 21N}0] pauonuaw 10N

(88=u) dnou3 oapIA aun1a7 {(T6=u) dnoid swesd |eusdiq 1591-350d-1591-24d

saaules) ou

SdOH wioos Aianj3p pue Joge) gy -jeipad pue saaulely 3si8ojoIsayisaue zg

|BLI} UOLIBINWIS P3|0JIU0D PazIwopuey [2UEINIEL e

28pajmoud| uoreydsnsal
|ereuoau sjuedppued Suluiejuiew pue Sulysaaaa 18 24n129| 03PIA e se pood
Se 1sea| 1e sem )l
Jayiaym pue Jolejnwis awes |endip uieias ayy paAolua syuedied Jsyisym

*8ujulel} uoLle}dSNSaL |BIEUOSU JO)
swed snouss [eN3ip jowad |eulslo ue
91en|ens pue dojanap 03 pawie Apnis ay |

epeue) Aey

[¥¢] v20t "|e 19 neapojig [s2] vzoz "2 12 l||opaeg

'S||)jS uUoLeHISNSAI [eJeUOAU SulDUBYUS JO) SPOYIaW
SuiureJy jeuonipeJy 03 saAleuldl|e d|qeAolus pue aAdRYD
90 ued N|VLIY ajI| sawes [ens|p 1ey) 1sa88ns sulpuy ayL
‘uonanJsul 10) dwes [eNsip e 1o 91n323| 03pIA e pasn Asyl
J9Y1aym Jo ssajpJeSau “4sa3-1s0d ay1 03 1591-a4d Y1 Woly

9ouewJopiad uonedsnsas |ejeuoau Jiayl pasosdwi syuedpy
-sed 1ey3 punoy soipawesed Suiajonul Apnis [ejuawiiadxa sIy||

ulw e

aJleuuonsanb apniyie pue (syyuow omy
Jaye 1s91-1s0d pue 3s91-1s0d ‘1s91-24d) 51593 ‘UpjIUBA

(28pajmouy)
9ouewJopad UOLBYISNSAS |[EIRUODN

(Tz=u) swesd
[eMBIp pue (TZ=u) poylaw |euowipel| 3s3}-350d-153)-34d

921AJ3S SduUe|Nque AduaBiaw3 U0z UOUOWPT Y3 WO
soipaweded gy

|eluswiiadxy

epeue)

[92] 20z "I 32 nsiwnin)

347

Farshid P, et al. Serious Games" Effectiveness in Educating Neonatal Resuscitation. J Pediatr Rev. 2024; 12(4):343-358.




Journal of Pediatrics Review

Number 37

7

4, Volume 12, Issue

October 2!

ssulpul urey

uopeing

uonuaAIxlu|

S|00] JUIWISSISSY

sajgenen
JUBWISSASSY

uoneinaq pJep
-uejs ‘sajdwes
Jo 38y uea

usisag Apms

s9|dwes

adA] Apnas

UL/ /wiy

Anuno)

Jeap ‘(s)1oyiny

‘ON

"9ouewJopad ||I)s pue a8pajmouy uon
-e)dsnsal { sasunu panoidwi pue Suidedus ‘Bul
-JeAjow sem Sujuiesy ‘daysaljas paseq-awes
QUI|UO ‘PaIIUIP-J|3S B 1y} PAIRJIPU] :SYNSDY

‘dnoJ8 uonenwis ayy 03 pasedwod uoneanow Sujuies| pue
‘92uapyuod-49s ‘Ajjiqe Suinjos-wajqosd ‘@3pajmou uoneldsnsas
|e3euOaU Ul saseasdul Jueayiusis pamoys dnous Aujeas |enuia ay |

S)oaMm 2T (uiw QS) y@9m auQ
9|eds uoreAow
Asnuns uon Suiuies) pue ‘([Iv.LS] A1oauanul Ayaixue Jel-a3e3s) Alaixue ‘9jeas

-BALJOW S[ELIDJBW [BUOLINJISUI O1IgN) SUlI0dS  90USPLUO0I-4|9S ‘aJieuuonsanb Ajijige Sujuoseau [eaiuld ‘auleuuon)
-sanb Ajjige Suiajos-wa|qoud 1531 98pajMmous| UoLIe}dSNS |eJeUOBN

uoneanow 3ujuies| pue AlaIxue ‘@d2uspyuod

uawa8e8ua pue ‘uoneAow ‘s||s ‘@3pajmou
¥ P Henl 11> pal % e Suinjos-wia|qo.d ‘@8pajMmous| UoL3e}ISNSa. |BIeUOSN

-j|as Ay

pauopuaw 10N pauopuaw 10N

(9z=u) dnou3

(6T=U) UBISOP [EUORUINIAI 353}-3500-3533-3.d |043u02 pue (gz=u) dnoiS uone|nwis {(6g=u) dnoid Ayijea. |lenjiA ay

$9snuU paJaisiSal 6T sjuapnis uisinu €8

|ejuswiiadxy |eluswiiadxa-1senn

‘ules| 0} uoleAoW pue Juswadedus ,sasinu ‘uoneAnow Sujuies)

saouan|jul yoeosdde paseqg-awes ‘pausdisap pue ‘Ajaixue Jo 99.39p ‘@aouewiopad [eanoesd ul 2USpPYUO-)|9S
AjleuonieAnow siy1 Moy aulwexa os|e ||IM Apnis ‘sanijiqe Suluoseal [ediuld pue ‘Suinjos-wa|qo.d ‘@8pajmouy| Suisinu

3Y1 's||1)S pue 23ps|Mou UOLIeNIdSNSal [eleu uoleydsnsal |ejeuoau saousnjjul weidoud siyl Moy SSasse ||IM U

-03u J19y3 Suinoudwil Ul sasinu paJlsiSal Joy  {|apow (S) uondeysies pue (J) 9duspyuod ‘(Y) ssueas|al ‘() uonusl
weJs3oud Buluiel) Jaysaujas paseq-awes suljuo -1e s,J9)||9Y Uo paseq SI pue Ajl[eal |enIA SAISISWWI $z1|13N 1ey) wesd

‘P102UIP-J|3S B JO SSBUBAIIYS 3y} Suissessy  -oud uonesyiwesd uoneydsnsal |ejeuoau e Jo 1oedwi ayl SuizAjeuy

vsn e310) yinos

[£2] Teoz +ov)1ds 73 e1seD-I3U||Ig [8¢] 2oz Yo 8 Buen

‘uoneanpa sjuapisal A3ojoleuoau/duelpad
10y} sa18ojopoyiaw Suiuied) paseqg-awed [eu3iQ Jo asn ay3 Joj poddns
‘a10waJ Suipnjoul ‘uoneisiulwpe Jo asea pue ASojopoylaw ay3 4oy
uopepaidde Jasn ‘uoru). 93pa|MouUy pue uoLleziIoWaW wylosje
410 JO SWJa) Ul UonelIdSnNsal |ejeuoau oy Sujuledy isijeldads Jisse|d
se 9A103YD se sem ASojopoylaw Sulules| paseq-awes [enusdip ay|

sAep juasaylp
JN0J JOAO SUOISSS ulw Qg Jnoy pahe|d syuedipnled dnoud sweo

alleuuonsanb uopoejses pue
‘591025 SWES UOISS3S JUJIAYIP JO SdurWLIOMRd By} ‘S353) 8pajmous|

ASo|0poyIdW M3U B yIM UOLDBISLIES PUE ‘B1es LOISSaIdWIOD 3sayd/uot}
-e|UBA SR JuaWIdinb3 ‘UoluR}RI 9SPajMOUY ‘@3 PaIMOUS| BINP30I

pauopuaw 10N

(£z=u) dnou8 jo43u0d {(Tz=u) dnoud uonuasalu|

sjuapisal A3ojoreuoau/ouielpad gy

|B14} P3]|043UOD PaZIWOpURY

's9)eJ UoISsaJdwod 3SaYd pue uole|uaA 03 38pajmouy| [einpadoid
woJ) ‘wynlos|e uoneldsnsal 9y} Jo s10adse ||e SI9A0 awed ay] “uon
-B}19SNSaJ |e}eUOaU Ul S)UBPISa ASojojeuoau pue dljelpad Sujuies|

Ajey

[62] zzoT "2 30 1)|I9pJeg

Farshid P, et al. Serious Games" Effectiveness in Educating Neonatal Resuscitation. J Pediatr Rev. 2024; 12(4):343-358.



https://www.frontiersin.org/articles/10.3389/fped.2022.842302/full
https://www.frontiersin.org/articles/10.3389/fped.2022.842302/full

Numbe

B

October 2024, Volume 12, Issue

Journal of Pediatrics Review

sSuipuiy urey

uopeing

uonuaAIRu|

S|00] JUDWISSOSSY

sa|geuen
JUBWISSASSY

uoneinaq plep
-uejs ‘sajdwes
J0 98y uea\

usisaqg Apnis

sa|dwes

adA) Apnis

JUL/wiy

Anuno)

Jed] ‘(s)1oyny

‘ON

'S]UaPNIS |BIIPSW ‘Ul ‘Bujules) paseq-uone|nwis ul Juswanoidwil
'S9113UNOD SWOdUI-3|PPIW PUB -MO| Ul S|euolssajoid a4ed  *dnoJS [043U0d ay3 UeY] 32USPLUOD-)|SS UOLUSIRJ 98Pa|MOUS| WUS)-Suo| pue dduewIopad [euipn}iSuo| 3yl uo 1939 Sunesspow
y1/eay Joj Sujulel) uoledsnsal |ejeuosu Ul ‘uonesedald  pue ‘uondejsnes ‘s|js ‘98pajmouy| JO  wIl-1Ioys jowodd (pue Suluies) aALIsod B SMOYS 19Spulw Yimou3 e ‘sapisag
9s4n02-a.d 031 yoeoudde s|qein e 9q Aew ‘suonejnwis Aljeas sa109s 1593-1sod Jaysiy Ajjueayiudis pey  a1el|ide) pinod SIANYOOIN dwed  U9jsued) pue ‘Saueuslulew ‘uied a8pajmou| S19
|[ENLIA 3]IGOW SE YINs ‘Suofiuaniaul [ensip Jo asn ayL dnoJ3 uone|nwis swesd snods 8y UOLe}IISNSaJ {[BJeUOaU [euonednpa  -plaodd aeayijeay a1el|1e) AjpAndays ued 3ul
padojanap Ajjeay1dads sy3 Jo 9sn Yy -ulel} UOLLIISNSIU |[eIRUOSU JO) SI01e|nwiIS [euSIq

ulW Qg 40 WnwiuIw sAep juaiaylp ‘uo saw} a4 pauonuaw 10N ulw Qg 03 02
uoy 9|e2S 9IUBPYUOD
-BUIWEXD {|BDIUI|D PRJNIINIIS SALIS[GO SY3 PUE 3I3YD S||INS  -43S ‘D|eIs uSIsap uone|nwis “Isi}P3yd
uone|UAA Jsew ay} pue ‘Seq ay3 ‘@lleuuonsanb ad10yd S||YS UOLEHDISNSY [EIRUOSU )S3)

-a|dunw ay3 H23yd a8pa|Mou| ‘UOLHIPa Puod3s ‘GgH YL  8P3|MOUY UOLE}IISNSD [BIRUOBN”

$2400s AJeuig pue ‘IsijyIayd ‘@lleuuonsany ‘19s

suosanb a21042-3dINA -pulw yimo.s ‘a|eas 1y Yoiejnwis [eusip NIVLIY

UOLIE}ISNS3] [E}eUOaU Ul Sduewiopad [euipnysuol 19
-pinoad aJeay3|eay S3)RISPOLU 1SPUILL LIMOJS Uajsues)
pue ‘Uo1UBIBI ‘UleS SSP3IMOUY| UOLIEYISNSAI [BIBUOSN

2JUapyuod-j|es uope}dsnsad |ejeuoau Jo uopualal

88H 03 p31e[1 s]ibjs pue S8pajmouy pue ‘uonoejsies ‘s||iyjs ‘@8pajmouy  a8pajmouy WS3-8Uo| pue Wid}-Hoys

6 FLE=QSTUBDN L6'0¥T5°0¢ :dnous o} 9'0%€'7¢ :dnoss

:dnoJ3 |043u0D ‘6 F£E=QSFURS|A :dnoJS Ayjeal lenuIA -Uu0d ‘$8'0FT£ 0¢ :dnoJd uonuaniau| ]0J3U02 ' 0FT "¢ :dnoud swen paucHUSWION

(Sp=u) dnos3 (o=u)

(88=U) dnoJ3 |03u03 (16 = U) oI5 Ayea1 [eniIA |0J3u02 pue (gy=u) dnoud uonuarsalul dnoud |041u0d {(TH=u) dnoi3 swen

159] J9jsueJ1-1sa1-150d paAe|op-1s91-150d-1593-aid

SaLM|10.) 248D Y}eay AJeua) pue AJBpuodas O 1e sHun a4ed

LIOGMU pUB SILIB1SGO Ul S|eUOIssalold 2183 1(eay 6/ S)UapNIS Sulsinu 31enNpesSIapun 0 SIUSPNIS [BIIPaW dlenpessiapun T8

siapino.d a1ed43jeaY 05

|BLI} P3][0JIUOD PaZIWOPURY |BLI} P3]|0JUOD pazIWOpUEY [eIUBWILIBMXS -ISeND |ejUBWILISdXa-ISeND

'SJUSPNIS |BIIPBW U] UOLIUDIDI 98pd
-|mouy wJl-8uo| sanosdwi Suuieuy éuoneysnsal
paseq-awes sNoLIds JI SUIWIIAP |eleuoau uj dduewJopuad wial-uo| siapiroid
01 swie weJSoad Y] Jauuew 3|qIS  JeIY3|eaY 13y 1Spulw Ymoud e Suiney saop (7
-S900B pPUEB SALJIY3-1S0D B Ul U0}  ¢UOLIBHISNS [BIRUOAU UJ S||IXS pue 38pajmouy sS4
-B}I2SNS3J |BJEUOSU UJE| 01 SIU3PNIS -pIno.d auedyijeay anosdwi siole|nwis NIVLIY op (T
|ealpaw a1enpelsiapun oy pausisap :suoisanb om} Jamsue 03 swie Apnis ay |
weJoud Bujuies e si ,SIANVOOIN,,

‘uoLe}ISNSal
|ereuoau Sulules) ul syuspnis Suisinu
'954N02 3y} 340jaq Sujulel) uoleydsnsal |ejeuoau JO 30UaPLUOD-4[3S pue ‘Bulules) YIm
J0J sjeuolssajoid asedyyeay Suliedasd Joj Aljeas |lenLuIA 3|1 uonIeISIeS ‘S||jS ‘@3pajmouy ay3 uo
-ow 8uisn Jo ssauanldaya pue Ayjiqissod ayl Sunesusaau]  Suluiesy uoLEIISNSAI [BIRUOBU O3U|
(s9s) uonejnwis sawes snowas Sul
-jesodiooul Jo S3349 ay3 Sulujwex3

eAua)y| uia1sap\ ‘eisng pue ‘elsa8iN ‘soSeq AsyunL eulyd epeue)

[o€] zeoz "|e 12 emuazy [0T] 2207 "2 12 ueAJeS [8T] TZOZ "l 3@ NH [tel TzoZ |RIO M

L 8 6 (0%

Farshid P, et al. Serious Games" Effectiveness in Educating Neonatal Resuscitation. J Pediatr Rev. 2024; 12(4):343-358.



https://europepmc.org/article/MED/35158135
https://europepmc.org/article/MED/35158135
https://europepmc.org/article/MED/35158135
https://europepmc.org/article/MED/35158135
https://europepmc.org/article/MED/35158135
https://europepmc.org/article/MED/35158135
https://europepmc.org/article/MED/35158135
https://europepmc.org/article/MED/35158135

Journal of Pediatrics Review

, Number 37

October 2024, Volume 12, Issu

ssulpul urey

uoneing

uonuaAIRuU|

S|00] JUIWISSISSY

sajgenen
JUBWISSASSY

uoneinaq pJep
-uejs ‘sajdwes
Jo 38y uea

usisag Apms

s9|dwes

adA] Apnas

S UL /wiy

Anuno)

Jeap ‘(s)1oyny

‘ON

dnou3 |o41u0d 3y 01
paJedw 02 UOLE}IISNSL [BIRUOSU Ul S||1)S pue
98pa|Mmouy| JO UOLIUSIBJ BY] UO 10343 JUed
-4lusis e aAey jou pip swesd paseq-gam ay|

pauopuaw-joN

1SIP{PAYD B pUE OLIBUSDS PIZIPJEPUE]S B) 1533 S|[INS
paseq-upjiuew e 453} uolisanb aoioyd-sjdBNW

(S)1s pue a8pajmouy| uon
-B}12SNSaJ JO UOLIUIIAI) S||jS pue 2Spajmouy|

pauopuaw 10N

(9T=u) s1ahe|d :dnou3 uonuaniayul {(£8=u)
siaAe|d uou+|oJ3u0) :dnous uoUIAIRIUI-UON

s|euoissajold a1edyyeay 0T

[B14] P3]|0JU0D pazIWOpURY

*UOLIBHISNS3J O} Pa3e|ad S||1S pue
a3pajmouy ulelads sienpiaipul uidjay ul aan
-39)J9 S| wes e Jayaym saujwexa Apnis ayL

aJodeduls

[6T]1020T "[E 32 09

T

Journal of Pediatrics Review

HBB: Helping babies breathe.
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Figure 2. Classification of main findings based on game type and users
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Table 3. Technical characteristics of selected studies

October 2024, Volume 12, Issue 4, Number 37

No.

Author(s),
Year

Product Name

Design
Software

Hardware

Game Type

Scenario/Content of The Game

Bilodeau et al.
2024 [24]

Bardelli et al.
2024 [25]

Cutumisu et al.
2024 [26]

Billner-Garcia &
Spilker 2022 [27]

Yang & Oh 2022
[28]

Bardelli et al.
2022 [29]

Ezenwa et al.
2022 [30]

RETAIN

DGBL

RETAIN

Neonatal resusci-
tation game

An immersive
virtual reality
neonatal, resus-
citation gamifica-
tion program

DIANA

eHBB

Not men-
tioned

Unity

Not men-
tioned

Not men-
tioned

Unity

Unity

Not men-
tioned

PC with
keyboard and
mouse

PC with
keyboard and
mouse

PC with
keyboard and
mouse

Desktop com-
puter, laptop,
tablet, or
smartphone

HMD; Oculus
RiftS®

PC with
keyboard and
mouse

Smartphone
and virtual real-
ity headset

Digital game
simulator (non-
immersive)

Remote digital seri-
ous game

Digital game
simulator (non-
immersive)

Serious game (non-
immersive)

Immersive virtual
reality

digital serious game
(non-immersive)

Mobile virtual real-
ity simulation
(immersive)

The learner must perform the follow-
ing neonatal resuscitation steps: suc-
tion, adjustment of baby’s head posi-
tion, use of a bag and mask to assist
breathing, compression of the baby’s
chest, or endotracheal intubation and
administration of epinephrine.

Not mentioned

By playing through the game
scenarios, the player assesses and
provides the; appropriate care for
a simulated neonate (i.e. newborn
baby) experiencing breathing dif-

ficulties at birth. In the clinical case
scenarios, the player experiences
different delivery room; scenarios
and performs various steps of the
neonatal resuscitation process (e.g.
suction and adjustment of the head
position, assisted breathing using
the bag and mask, chest; compres-
sions or endotracheal intubation and
administration of epinephrine).

Three educational games were creat-
ed to enhance the resuscitation skills
of neonatal nurses. Each game simu-
lated a different birth scenario: A term
newborn, a premature newborn, and
a newborn with meconium-stained
fluids. Utilizing motivational design
principles such as storytelling and
quests, the games engaged learners
and built their confidence. They incor-
porated animated videos, knowledge
checks, and a final timed scenario for
practicing positive pressure ventila-
tion. The games were designed to be
completed in 7 minutes or less to fit
within shift downtimes.

The game is based on the neonatal
resuscitation game algorithm and
includes 14 virtual reality scenarios.

The game features four levels, each
depicting a different scenario of
neonatal resuscitation: normal, mild,
moderate, and severe asphyxia. Play-
ers must follow the correct algorith-
mic actions, guided by feedback from
the game interface. The game tracks
the rate of ventilation and chest com-
pressions and assigns a score based
on the player’s accuracy and speed.

The game simulates neonatal resus-

citation scenarios based on the HBB

algorithm and provides feedback and
debriefing to the players.

Sarvan et al.
2022 [10]

NR-SGS applica-
tion

Not men-
tioned

Laptop and
mouse

game-based
simulated (non-
immersive)

The game consists of four levels that
cover the main steps of neonatal
resuscitation: Initial steps, ventilation,
chest compressions, and medications.

Farshid P, et al. Serious Games" Effectiveness in Educating Neonatal Resuscitation. J Pediatr Rev. 2024; 12(4):343-358.
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Author(s Design .
No. (s), Product Name g Hardware Game Type Scenario/Content of The Game
Year Software
The game simulates a neonatal resus-
citation scenario in which the player
. ) serious computer has to perform the correct steps
9 kel Ara NEOGAMES th men el e game (non-immer- according to the NRP algorithm.
[18] tioned puters X X X
sive) The game also includes 7 question
cards with real-time feedback after
each decision.
Neonatal resuscitation scenarios are
. based on the NRP guidelines, such as
. Digital game . B o
Lu et al. 2021 Not men- iPad Pro and . assessing the newborn’s condition,
10 RETAIN . . simulator (non- - " X
[31] tioned Apple Pencil . . providing positive pressure ventila-
immersive) . ; .
tion, performing chest compressions,
administering medications, etc.
The game is a single-player, unguided
Yeo et al. 2020 Web-based neo- Not men- ) el e e web-based game that sm?ulates neo-
11 natal resuscita- X Not mentioned X . natal resuscitation scenarios based on
[19] tioned (non-immersive)

tion game

the NRP guidelines. It has four levels
of difficulty, feedback, and scoring.

Journal of Pediatrics Review

Abbreviations: RETAIN: Resuscitation training for healthcare professionals; DGBL: Digital game-based learning; HMD: Head-mounted dis-
play; DIANA: Digital application in newborn assessment; eHBB: Electronic helping babies breathe; SGS: Serious game simulation.

In most of the included studies (as seen in studies 4,
6, 7, 8 and 9) the hardware considered for serious gam-
ing was mostly desktop computers, laptops, and smart-
phones. Among the included studies (studies 5 and 7)
were two immersive games. Regarding the scenario
or content, most of the games were designed based
on the NRP algorithm. The immersive VR neonatal re-
suscitation gamification program (study 5), specifically
designed to train nursing students in neonatal resuscita-
tion, offered the most scenarios (14 scenarios). Only in
study No.3, the games used motivational design princi-
ples, such as storytelling and quests, to engage learners
and build confidence (Table 3).

Study outcome

Examining the main findings of the included studies
showed that SGs, including virtual reality simulations,
have significantly enhanced neonatal resuscitation
knowledge, problem-solving abilities, self-confidence,
and learning motivation among healthcare profession-
als (study 5). SGs that were not of the virtual reality type
were found to be just as effective as traditional training
in memorizing algorithms and retaining knowledge for
infant resuscitation, with added benefits like user ap-
preciation, and ease of use among pediatric/neonatol-
ogy residents (study 6). SGs consistently led to higher
post-test scores in knowledge, skills, satisfaction, and
self-confidence among undergraduate nursing students,

demonstrating improved learning outcomes (study 8).
Specifically designed games, such as NEOGAMES, have
been shown to support the long-term retention of criti-
cal information and skills of undergraduate medical stu-
dents related to neonatal resuscitation (study 9). Digital
simulators effectively facilitate healthcare professionals
in gaining, maintaining, and transferring knowledge,
with a growth mindset positively influencing perfor-
mance enhancement (study 10). Table 2 shows more
details. In addition, the main findings from the selected
articles are visually summarized in Figure 2.

Quality assessment and critical appraisal

In a review of eleven studies five RCTs and an equal
representation of both experimental and quasi-experi-
mental studies, with three articles from each category
(Table 4). Researchers carefully examined potential bi-
ases in scientific studies by using the Joanna Briggs In-
stitute’s thoughtful evaluation tools, focusing closely on
quasi-experimental and randomized controlled research
approaches. The RCTs had 13 checklist items, while
the quasi-experimental studies had nine. The studies
adhered to internal validity criteria, such as blinding
and follow-up. However, issues arose with two RCTs
by Bardelli et al. and Ezenwa et al. [25, 30] which pro-
vided unclear answers to initial questions, suggesting
a need for clearer reporting on study populations and
interventions. Additionally, three studies by Ezenwa et

Farshid P, et al. Serious Games" Effectiveness in Educating Neonatal Resuscitation. J Pediatr Rev. 2024; 12(4):343-358.
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Figure 3. Breakdown of the product names, functionalities, and potential strengths and weaknesses

al. [30] Sarvan et al. [10] and Yeo et al. [19] lacked data
on certain RCT design elements, necessitating an expla-
nation for these omissions. Moreover, Yeo et al.’s study
[19] showed a discrepancy in the baseline comparability
between control and intervention groups, indicating a
possible bias. Overall, while most studies demonstrated
good internal validity, some lacked clarity and complete-
ness in their reporting, warranting further examination.

Discussion

This systematic review explored the effectiveness of
SGs in educating healthcare professionals on neonatal
resuscitation. The studies included in this review em-
ployed various game formats (digital and virtual reality)
and targeted different learner groups, including nurses,
medical students, healthcare professionals, and resi-
dents. Studies showed that SGs, including virtual real-
ity simulations, have significantly enhanced neonatal

October 2024, Volume 12, Issue 4, Number 37
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resuscitation knowledge, problem-solving abilities, self-
confidence, and learning motivation among healthcare
professionals. Overall, the findings suggest that SGs
hold promise as a valuable addition to traditional neo-
natal resuscitation training.

Several studies reported significant improvements in
knowledge scores following serious game interventions
compared to control groups [10, 18, 21, 27, 28, 31]. No-
tably, Lu et al. [31] (2021) demonstrated knowledge re-
tention benefits, indicating that SGs can enhance both
immediate learning and long-term retention. Studies
observed positive impacts on practical skills related to
neonatal resuscitation [10, 27, 30]. SGs provide an in-
teractive and engaging platform for practicing essential
skills, contributing to better performance in clinical sce-
narios. Some recent systematic reviews outlined that
SGs can revolutionize medical education by enhancing
engagement, interactivity, and effectiveness, while also

Farshid P, et al. Serious Games" Effectiveness in Educating Neonatal Resuscitation. J Pediatr Rev. 2024; 12(4):343-358.
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Table 4. Quality assessment of included studies using joanna briggs institute checklist

Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13

Author(s), Year Study Type Q1 Q2 03 Q4
Bilodeau et al. 2024 Randomized
[24] controlled trial Y Y NA
Bardelli et al. 2024 Sl y v y N
[25]
Cutumisu et al. 2024 Experimental y v y N
[26]
Billner-Garcia & .
Spilker 2022 [27] Experimental Y Y Y N
Yang & Oh 2022 [28] ~ Quasi-experi- Y Y Y Y
mental
Bardelli et al. 2022 Randomized
[29] controlled trial - Y NA
Ezenwa et al. 2022 Randomized
[30] controlled trial v NA NA
Sarvan et al. 2022 Randomized
[10] controlled trial i i A
Huetal.2021[18]  Quas-experi- Y Y Y
mental
luetal 2021 [31]  Quasiexperi- Y Y N
mental
Yeoetal.2020(19] handomized N N Y  NA

controlled trial

NA Y Y Y Y Y Y Y Y

NA Y Y Y Y Y Y Y Y

NA Y N Y Y Y Y Y Y

N Y Y Y Y Y Y Y Y
Y Y Y Y Y
Y Y Y Y Y

NA Y Y Y Y Y N Y Y

Abbreviations: N: No; Y: yes; NA: Not available.

catalyzing innovative technology development and re-
search [33]. SGs leverage technologies such as web and
mobile applications, game engines, augmented reality,
virtual reality, mixed reality, and artificial intelligence.
However, challenges include the need for adequate
technological infrastructure, complex effectiveness as-
sessments, and integration into existing curricula. These
approaches combine learning activities (such as feed-
back, testing and spaced repetition) with active and im-
mersive participation and autonomy, resulting in posi-
tive experiences for students [34].

Billner-Garcia et al. [27] 2022 found that the game-
based training was motivating and engaging for partici-
pants. Enhanced motivation may lead to better learning
outcomes and sustained interest in neonatal resuscita-
tion training. Their study has some strength points in-
cluding engaging modules that cater to busy schedules
and Storytelling and quests enhance motivation. On the
other hand, limited information on design software and
hardware restricts replicability. Also, their game focuses
on knowledge checks and may not provide extensive
practice opportunities for complex skills. Highly immer-
sive virtual reality offers a realistic training environment
and including 14 diverse scenarios for comprehensive
learning were the advantage of Yang et al. [28] 2022
study. Also, their game requires specialized virtual real-
ity equipment that potentially limits accessibility. These
studies emphasize the value of game-based approaches

Journal of Pediatrics Review

in neonatal resuscitation training, supporting the idea
that motivation and engagement play crucial roles in
improving learning outcomes. However, it’s essential to
consider the limitations, such as replicability challenges
and the focus on knowledge checks rather than exten-
sive practice opportunities for complex skills.

SGs offer advantages in terms of accessibility and scal-
ability compared to traditional simulation-based training
[29, 30]. SGs are highly suitable for transferring knowl-
edge or stimulating behavioral changes. They provide an
interactive environment that allows learners to practice
and compete while retaining information. This acces-
sibility ensures that learners engage with the content
more frequently and for longer periods [35]. Unlike pure
simulation-based training, which often requires physical
resources and specialized equipment, SGs can be eas-
ily scaled up. They can be accessed remotely, allowing
learners to train at their own pace and adapt to individual
needs. This scalability is particularly valuable in address-
ing the global shortage of health workers and improving
efficiency through effective training interventions [36].

Yeo et al. [19] 2020 did not find a significant effect of
a web-based game on knowledge and skills retention
compared to controls. Highlighting the need for further
research, it underscores the importance of optimizing se-
rious game design for long-term learning outcomes. In a
study by Johanson et al. [37] 2023, researchers explored

Farshid P, et al. Serious Games" Effectiveness in Educating Neonatal Resuscitation. J Pediatr Rev. 2024; 12(4):343-358.
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the impact of modifying serious game design elements
on learning outcomes. They found that tailoring game
mechanics, feedback mechanisms, and difficulty levels
significantly improved knowledge retention and skill
acquisition over time. Another review of SGs in medical
education was conducted. Their findings highlighted the
importance of personalized content, adaptive challeng-
es, and engaging narratives. When serious game design
aligned with these principles, learners demonstrated bet-
ter retention and application of knowledge [38].

The studies included in this review employed a variety
of designs, with RCTs providing the strongest evidence
[10, 29, 30]. Future research would benefit from a larger
number of high-quality RCTs to strengthen the evidence
base. Also, Different HCP groups were targeted across
studies. Further research is needed to explore the effec-
tiveness of SGs for specific professions and skill levels.
Tailoring serious game interventions to the unique needs
of different learner groups could enhance their impact.
A systematic review by ljaz et al. [39] 2019 evaluated the
performance of SGs as a training tool for healthcare pro-
fessionals. The review included RCTs and found that SGs
can be an effective alternate or complementary com-
ponent of the healthcare training curriculum. However,
existing assessment methodologies may not accurately
depict the effectiveness of games, emphasizing the need
for more robust RCTs and research designs.

The studies reviewed used various game formats. Fur-
ther investigation is needed to identify the most effec-
tive design elements for neonatal resuscitation training.
Elements, such as interactivity, feedback mechanisms,
and realism play a crucial role in shaping the learning
experience. While some studies assessed knowledge
retention, limited research explored the transfer of
learned skills to real-world clinical scenarios [18]. Fu-
ture studies should investigate how well skills acquired
through SGs translate into actual practice. A meta-
review by Damasevicius et al. [40] 2023 analyzed 53
survey papers on SGs and gamification. It revealed that
SGs and gamification techniques are increasingly used
for a wide range of health conditions. The focus is shift-
ing toward mobile and digital platforms, virtual real-
ity, and personalized interventions. Schrader [41] 2023
highlighted that SGs allow educators to virtually model
real-world tasks, enabling learners to interact and learn
by doing. These games encourage risk-taking and differ-
ent learning approaches with lower consequences of
failure. Tailoring serious game interventions to specific
learner groups enhances their impact on cognitive, af-
fective, motivational-behavioral, and social levels.

October 2024, Volume 12, Issue 4, Number 37

The studies included in the review explored a vari-
ety of serious game designs for neonatal resuscita-
tion education. In Figure 3, we provide a breakdown
of the product names, functionalities, and potential
strengths and weaknesses.

Overall, the studies showcase a range of serious
game designs with the potential to enhance neonatal
resuscitation training. A systematic review conducted
in 2022 provided design and implementation recom-
mendations for developing and implementing SGs in
nurse education to enhance students’ knowledge and
performance, based on the evidence reviewed. They
claimed that the use of SGs improved nursing students’
and nurses’ knowledge and performance [20]. Another
study revealed that serious gaming significantly en-
hances educational outcomes in nursing compared to
conventional methods such as lectures, reading mate-
rials, and clinical simulations. This approach not only
supports but also strengthens the teaching and learn-
ing framework within the field of nursing by providing
robust scientific backing for the integration of SGs [21].
So, future research could explore the effectiveness of
combining different design elements (e.g. storytelling,
feedback mechanisms, immersive environments) to
optimize learning outcomes. Additionally, investigating
the cost-effectiveness and scalability of these games,
particularly in low-resource settings, would be valuable.

Conclusion

The future vision for SGs in neonatal resuscitation
education includes the integration of more advanced
technologies like virtual reality and augmented reality,
which can provide immersive and interactive learning
experiences. The authors believe that these games can
revolutionize medical education by making it more en-
gaging and effective, thus potentially improving patient
outcomes. Using SGs in neonatal resuscitation training
provides a flexible, scalable and cost-effective solution
for continuous education. These methods can effec-
tively bridge the gap between theoretical knowledge
and practical skills, ensuring that healthcare profession-
als are better prepared for real-life scenarios. In Iran,
the adoption of SGs for medical education is still in its
nascent stages. However, given the increasing empha-
sis on modernizing medical training, these innovative
methods could gain traction and become an integral
part of the curriculum shortly. The health system can
benefit greatly from these educational methods by re-
ducing training costs, improving the efficiency of train-
ing programs, and enhancing the overall quality of care
provided by well-trained professionals. Integrating SGs

Farshid P, et al. Serious Games" Effectiveness in Educating Neonatal Resuscitation. J Pediatr Rev. 2024; 12(4):343-358.
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with traditional training methods could offer a compre-
hensive and effective approach to training healthcare
providers. SGs demonstrate significant promise as com-
plementary tools for neonatal resuscitation education,
showing the potential to enhance knowledge acquisi-
tion, skill development, motivation, and engagement
among healthcare professionals. However, this review
acknowledges several limitations, including variability
in study designs, outcome measures, publication bias,
and limited data on the long-term retention of skills and
knowledge. Future research should focus on optimizing
game design, investigating long-term learning outcomes
and assessing the transfer of skills to clinical practice.
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