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Abstract

Background While the concept of hacking in education has gained traction in recent years, there is still much
uncertainty surrounding this approach. As such, this scoping review seeks to provide a detailed overview of the
existing literature on hacking in health profession education and to explore what we know (and do not know) about
this emerging trend.

Methods This was a scoping review study using specific keywords conducted on 8 databases (PubMed, Embase,
Scopus, Web of Science, ERIC, PsycINFO, Education Source, CINAHL) with no time limitation. To find additional relevant
studies, we conducted a forward and backward searching strategy by checking the reference lists and citations of the
included articles. Studies reporting the concept and application of hacking in education and those articles published
in English were included. Titles, abstracts, and full texts were screened and the data were extracted by 2 authors.

Results Twenty-two articles were included. The findings are organized into two main categories, including (a) a
Description of the interventions and expected outcomes and (b) Aspects of hacking in health profession education.

Conclusion Hacking in health profession education refers to a positive application that has not been explored before
as discovering creative and innovative solutions to enhance teaching and learning. This includes implementing new

instructional methods, fostering collaboration, and critical thinking to utilize unconventional approaches.

Keywords Hacking, Education, Medical education, Health profession education, Innovation

Introduction

Health professions education is a vital component of
healthcare systems to provide students with the knowl-
edge, skills, and attitudes necessary to provide high-
quality care to patients [1]. However, with the advent of
innovative technologies and changing global dynamics,
there is a growing need to incorporate new educational
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methods to prepare medical science students for the
future [2].

Although traditional methods can be effective for cer-
tain learning objectives and in specific contexts and
may create a stable and predictable learning environ-
ment, beneficial for introducing foundational concepts,
memorization, and repetition, however, they may not
fully address the diverse needs and preferences of today’s
learners [3]. Some of their limitations may be limited
engagement, passive learning, lack of personalization,
and limited creativity and critical thinking [4].

As Du et al. (2022) revealed the traditional teach-
ing model fails to capture the complex needs of today’s
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students who require practical and collaborative learning
experiences. Students nowadays crave interactive learn-
ing methods that enable them to apply theoretical knowl-
edge in real-world situations [5].

To achieve innovation in health professions educa-
tion, engaging students and helping them learn, educa-
tors should use diverse and new educational methods
[6]. Leary et al. (2022) described how schools of nursing
can integrate innovation into their mission and expressed
that education officials must think strategically about the
knowledge and skills the next generation of students will
need to learn, to build an infrastructure that supports
innovation in education, research, and practice, and
provide meaningful collaboration with other disciplines
to solve challenging problems. Such efforts should be
structured and built on a deliberate plan and include cur-
ricular innovations, and experiential learning in the class-
room, as well as in practice and research [7].

The incorporation of technology in education is
another aspect that cannot be ignored. Technology has
revolutionized the way we communicate and learn, pro-
viding opportunities for students to access information
and resources beyond the traditional education setting.
According to the advancement of technology in educa-
tion, hacking in education is an important concept in this
field [8].

Hack has become an increasingly popular term in
recent years, with its roots in the world of computer
programming and technology [9]. However, the term
“hack” is not limited solely to the realm of computers
and technology. It can also refer to a creative approach
to problem-solving, a willingness to challenge established
norms, and a desire to find new and innovative ways
to accomplish tasks [10]. At its core, hacking involves
exploring and manipulating technology systems to gain
a deeper understanding of how they work. This process
of experimentation and discovery can be applied to many
different fields, including education [11].

In education, the concept of “hack” has become popular
as educators seek innovative ways to engage students and
improve learning outcomes. As Wizel (2019) described
“hack in education” involves applying hacker mentality
and techniques, such as using technology creatively and
challenging traditional structures, to promote innovation
within the educational system [12]. These hacking tech-
niques encompass various strategies like gamification,
hackathons, creating new tools and resources for educa-
tion, use of multimedia presentations, online forums, and
educational apps for project-based learning [9]. Butt et al.
(2020) demonstrated the effectiveness of hack in educa-
tion in promoting cross-disciplinary learning in medical
education [13]. However, concerns exist about the nega-
tive connotations and ethical implications of hacking in
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education, with some educators hesitant to embrace
these techniques in their classrooms [7, 14].

However, while the concept of hack in education has
gained traction in recent years, there is still a great deal of
uncertainty surrounding its implementation and efficacy.
As such, this scoping review seeks to provide a compre-
hensive overview of the existing literature on hacking in
health profession education (HPE), to explore what we
know (and do not know) about this emerging trend. To
answer this research question, this study provided a com-
prehensive review of the literature related to hacking in
HPE. Specifically, it explored the various ways in which
educators are using hack techniques to improve learning
outcomes, increase student engagement, and promote
creativity in the classroom.

Methods and materials

This scoping review was performed based on the Arksey
and O’Malley Framework [15] and Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement to answer some questions about the
hacking approach in health professions education [16].

Search strategies

The research question was “What are the aspects of
hacking in education?’. We used the PCC framework
which is commonly used in scoping reviews to develop
the research question [17]. In such a way the Population
assumed as learners, the Concept supposed as aspects of
hacking in education, and the Context is considered to be
the health profession education.

A systematic literature search was conducted on June
2023, using the following terms and their combinations:
hack OR hacking OR hackathon AND education, profes-
sional OR “medical education” OR “medical training” OR
“nursing education” OR “dental education” OR “phar-
macy education” OR “health professions education” OR
“health professional education” OR “higher education”
OR *“healthcare education” OR “health care education”
OR “students, health occupations” OR “medical student”
OR “nursing student” OR “dental student” OR “pharmacy
student” OR “schools, health occupations” OR “medi-
cal school” OR “nursing school” OR “dental school” OR
“pharmacy school”) in 8 databases (PubMed, Embase,
Scopus, Web of Science, ERIC, PsycINFO, Education
Source, CINAHL) with no time limitation. (A copy of
the search strategy is included in Appendix 1). To find
additional relevant studies, we conducted a forward and
backward searching strategy by checking the reference
lists and citations of the included articles.

Inclusion and exclusion criteria
Original research reporting the different aspects of hack-
ing in health professions education and published in
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English was included. We excluded commentaries, edi-
torials, opinion pieces, perspectives, reviews, calls for
change, needs assessments, and other studies in which no
real interventions had been employed.

Study identification

After removing the duplicates, each study poten-
tially meeting the inclusion criteria was independently
screened by 2 authors (A.R. and M.S.). Then, the full texts
of relevant papers were assessed independently by the 2
authors for relevance and inclusion. Disagreements at
either step were resolved when needed until a consensus
was reached.

Quality assessment of the studies

We used the BEME checklist [18], consisting of 11 indi-
cators, to assess the quality of studies. Each indicator
was rated as “met,” “unmet,” or “unclear” To be deemed
of high quality, articles should meet at least 7 indicators.
The quality of the full text of potentially relevant stud-
ies was assessed by 2 authors (A.R. and M.S.). Disagree-
ments were resolved through discussion. No study was

removed based on the results of the quality assessment.

Data extraction and synthesis

To extract the data from the studies, a data extraction
form was designed based on the results of the entered
studies. A narrative synthesis was applied as a method for
comparing, contrasting, synthesizing, and interpreting
the results of the selected papers. All outcomes relevant
to the review question were reported. The two authors
reviewed and coded each included study using the data
extraction form independently.

Results

A total of 645 titles were found, with a further four titles
identified through the hand-searching of reference lists
of all reviewed articles. After removing the duplicate
references, 422 references remained. After title screen-
ing, 250 studies were considered for abstract screening,
and 172 studies were excluded. After the abstract screen-
ing, 73 studies were considered for full-text screening,
and 177 studies were excluded due to reasons such as:1.
being irrelevant, 2. loss of data, and 3. language limita-
tion. 22 studies were included in the final analysis. The
2020 PRISMA diagram for the included studies is shown
in Fig. 1. The quality was evaluated as “high” in 12 stud-
ies, “moderate” in 7 studies, and “low” in 3 studies.

The review findings are organized into two main cat-
egories: (a) Description of the interventions and expected
outcomes and (b) Aspects of hacking in health profession
education.

(2024) 24:554

Page 3 of 16

Description of the interventions and expected outcomes
The description of the studies included the geographical
context of the interventions, type, and number of par-
ticipants, focus of the intervention, evaluation methodol-
ogy, and outcomes. Table 1 displays a summary of these
features.

Geographical context

Of the 22 papers reviewed, 11 studies (45.4%) took place
in the United States of America [7, 19-28], two studies
in Pakistan [13, 29], one study performed in international
locations [30], and the remainder being in the United
Kingdom [31], Germany [32], Finland [33], Australia [34],
Austria [35], Thailand [36], Africa [37], and Canada [38].

Type and number of participants

Hacking in HPE interventions covered a wide range and
multiple audiences. The majority of interventions tar-
geted students (17 studies, 77.2%) [7, 13, 20, 21, 23-27,
29-33, 36—38]. Their field of education was reported dif-
ferently including medicine, nursing, engineering, design,
business, kinesiology, and computer sciences. Also, they
were undergraduates, postgraduates, residents, and
post-docs. Ten interventions (45.4%) were designed for
physicians [13, 19, 21, 24-26, 28, 29, 33, 35]. Their field
of practice was reported diverse including psychol-
ogy, radiology, surgery, and in some cases not specified.
Eight (36.3%) studies focused on staff which included
healthcare staff, employees of the university, nurses, care
experts, and public health specialists [13, 22, 26, 28-30,
32, 35]. Interestingly, nine of the hacking in HPE inter-
ventions (40.9%) welcomed specialists from other fields
outside of health sciences and medicine [13, 19, 22, 25,
26, 28, 29, 33, 35]. Their field of practice was very diverse
including engineers, theologians, artists, entrepreneurs,
designers, informaticists, IT professionals, business pro-
fessionals, industry members, data scientists, and user
interface designers. The next group of participants was
faculty with 5 studies (22.7%) [7, 23, 32, 34, 36]. An inter-
vention (4.5%) targeted the researchers [27]. The num-
ber of participants in the interventions ranged from 12
to 396. Three studies did not specify the number of their
participants.

The focus of the intervention

The half of interventions aimed to improve HPE (12 stud-
ies, 54.5%) (7, 13, 21, 23, 24, 26, 28, 30—32, 34, 38], with a
secondary emphasis on enhancing clinical or health care
[19, 22, 25, 29, 33, 35-37]. Two studies highlighted the
improvement in entrepreneurship skills of health profes-
sions [19, 20]. One study aimed to improve the research
skills of health professionals [27].
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Fig. 1 PRISMA flow diagram for included studies

Evaluation methodology

Methods to evaluate hacking in HPE interventions
included end-of-program questionnaires, pre-and post-
test measures to assess attitudinal or cognitive change,
self-assessment of post-training performance, proj-
ect-based assessment through expert judgment and
feedback, interviews with participants, and direct obser-
vations of behavior.

Outcomes

Hacking in HPE interventions has resulted in positive
outcomes for participants. Five studies found high lev-
els of satisfaction for participants with the intervention
[21, 31-33, 37]. Some studies evaluated learning, which
included changes in attitudes, knowledge, and skills. In
most studies, participants demonstrated a gain in knowl-
edge regarding awareness of education’s strengths and

problems, in the desire to improve education by enhance-
ment of awareness for technological possibilities [7, 13,
19, 21, 23, 30, 32-35, 38]. Some studies found improv-
ing participant familiarity with healthcare innovation
[19, 22, 24-26, 33, 36, 37]. Some participants reported
a positive change in attitudes towards HPE as a result of
their involvement in hacking interventions. They cited a
greater awareness of personal strengths and limitations,
increased motivation, more confidence, and a notable
appreciation of the benefits of professional develop-
ment [20, 21, 29, 34]. Some studies also demonstrated
behavioral change. In one study, changes were noted in
developing a successful proof-of-concept of a radiology
training module with elements of gamification, enhance-
ment engagement, and learning outcomes in radiology
training [28]. In a study, participants reported building
relationships when working with other members which



Page 5 of 16

(2024) 24:554

Rooholamini and Salajegheh BMC Medical Education

SSOUDAIIDIYD
sy Bunenjeas
3oualadxa 3oeqpPady pue bujuies)
buiuies]  /AjRARRNEND paseq-Ainbul uoneonp3 el
aAisod e “aleuuonsanb 10} uoyiexdey spoyiau wopbury 13YbIH ul IETAEN
ybiH uoyedeH peysjuapnis  /AjRAIRIUBND e buidojanag SYUSPNIS o¢ PaXIN SY9IM 0| pajun Buiyoes|  /10z A1eniga4 euueH €
SSOUDNAIIDIYD
sy Bupenieas
pue uoledINPa
"|l00} [eDIpaW 3)e
Bujuies| pue -npeJBisod pue
Buiyoea a1enpelbiapun
AKseundpsip 10} S| [eUNau
-SS0ID pue -a1danua pue
aneuss)e  dnoib pasndoy [PDIUYDD} 1O} DEENISVER]
ue palapls  /AlpAnBHEND |00} [BUOIIEDNPS ‘el S1edy3jesy [e1]nng
-uodale  "alleuuonsanb  ue se uoyieydey ‘suepisAyd spoyiau SUOlPAOUU| [Py
ybiH uoyeydeH  suoyiesdeH  /AjRAlRHIUBND e buidojanag ‘SJUSPNIS 911l paXIN Syauow 7| ueyspied NG 0207129010 seebepp 4
uopeAouUl
1noge
paulea| pue
SyuspNIs
Yum Buppiom
uaym sdiys puisinu
-uopeal Jo jooyds e
$92IN0S3l 1|Ing pue OJul UOIAOUUI
puesjoo}  abpamous 35NyuUl 03 MOY [IIETNY Buisiny
EIEIE] Mmau bul  pauleb Ayn  aieuuonssnb 4o Apnis ased SIETIN JOS91BIS  [BUOISSDJ0ld Loz [/]A1ea
-pow -1ean) -4 /APPAneNEND e bulpiroid pue Aynoeq - aAnelenD - pajun JO [euinor 19qWidag  uolel L
Apnis uonesnps
jo ujpey uoneso|
An jo suon ABojopoyaw UOIJUBAIDIUL syjuedppied  syuedpiaed |esiydesb Joyine
-lenp  -eoidw]  sswo2nQ uonenjeag 9Y3 Jo sndo4 Jo adA) josaqunN ApnisjoadA]l swenswil -09p |eusnor uonedijgng 1S114  wnN

P3MB3IAS) SUOIIUSAISIUL UOJIBINPT SUOISSJ0ld YijeaH Ul Bupjoey Jo Alewwing | ajqeL



Page 6 of 16

(2024) 24:554

Rooholamini and Salajegheh BMC Medical Education

SSOUDAIDIYS SY
Bulzenjeaa pue
$I91U9 [POIPAW
DlWspede Joy
a|geidepe A|1sea
pue 9|gIssadde
2Jow bujuien
pue uoleINPa

uopeAouU|
abpajmouy [EDIPRW ¥EW sjeuolssajold SUIRISAS [o€]
juedyiubls  aleuuonsanb 0} Uoyiesdey yijeay pue 810z Aeyy  suoinedol e [edIPaN Buep
ybiH uoyieyoey buiuey  /ApAnnRUEND e buidojanag S)USPNIS (374 dAIBYIUBND  -GLOZ dUN( -UOeUIdIU| Joleuwlnor 8107 430010 Y uoser 9
SSOUDAIIDAYD
119y bunenjeas
uofeAlloW pue yieap J1ay3
2I0W I3y} 10} bupedaid ase ERlIETsIN
'SJUSPNIS JO 1ey3 ojdoad 1e J9indwod) €]
uopdeysiies  aileuuonsanb  pawie uopedyd 1SI}ie ue pue pue uoled Hojoy
ybiH sjeob  /AlpAniuenD -de ue ubisap ‘uelbojoayy e -Np3 ulapoyy lunMmy
Bujuies| ayy "MIIAIDIUI 0} Uoy3esdey  10320p [edIpaul spoyiau Jo |euinor [onuew
ybiH uoyieyoey buimalydy  /AjaAIeNEND e buidojanag e 'SyuspniS 4! PIXIN syuowl € pue|U{  [EUOIIRUIDIU 910z aunr -wi3 S
juawdojansp
[euoedNPa
10} JUaAS
Buluies)
/buiyoeay
e se suoyie
-PPey jo
san|iqissod
1240 s3nsay
2AnIsod
3I9M 5|00} SSOUDAIIDIYD
juswdojan sy bueniead
-9p |euon pue Uuo[edNPa
-edNpa se ul swajgosd ANSIDAIUN BY}
suoyiesdey Juaund 3pPe}  Jo saakojdwia uopeonp3 4d
Joasnayrjo  aleuuonsanb 0} uoyiexdey pue ‘Syuspnis [eDIP3I 10} EVENN]
ybiH uoyiexoeH Synsal1ayl /AjAuenD e buidojenag ‘Aynoe4 09 SAllRIIUBND syuow ¢ AUBWISD)  [BUINO( SIND €207 Ydle euLeyiey| ¥
Apnis uonesnps
jo ujpey uoneso|
An Jo suon ABojopoyiaw UOIJUIAIDIUL syjuedppied  syuedpiyaed |ediydesb ioyine
-lenp  -eoydw  sawodnQ uonenjeag 9Y3 Jo sndo4 Jo adA) josaqunN ApnisjoadA]l swendwi] -09p leusnor uonedijgng 1s114  wnN

(panunuod) | 3jqey



Page 7 of 16

(2024) 24:554

Rooholamini and Salajegheh BMC Medical Education

SIDNIOM
34ed 21Ny
Jamodula

ssaooud
uoneznibip
2Jed 9y] Ojul

-sod |ea1bo) SJUSPNIS 24eD
-0UYd3} 10} BunoA syeibayul
ssaualeme pue poddns suadxe [s€]
JoJuaw o) uoyiesdey  aied ‘si9aulbu 2015 3
MOT  UoyiesdeH -9dueyU3 - e buidojpraQ '515160|0Y2ASd Sl - skep ¢ eLISNY YiesHpu| 720z fey  epalueQ o]
SSOUDAINDDYD S
Bunenieas pue
diysinsuaidan
-ua pue buisinu
ur129foid 1o
‘dnyJels ‘ainjuan
Mau e buniels
SJ01RAOUUY Ul S|9AS| 9DUDp
Se S|IA9) -Juod anoidull edlRWY [07]
9dUSPYUOd  3ureuuonlsIND 0} Uoyiesdey Jo saeIS 300INO uebey
ybiH uoyiexdeH Buisealnu| /AlAIRUeND e buidojaasg  s3UapPNIS ‘S3SINN 96€ SAlleIIUEND syuow ¢ payun puisinN €20z A1eniga- eb|0 6
sjuedipnied
4O 9dusLadxa
Bujules| ayy bui
-1o|dxa pue diys
diysinau -Inauaidanua
-21daua pue UoleAOUU|
Bulyoeay pue aledy3eay Jo
uopeAoUUl so|dipund ayy
aledyijeay Yum Ayueliwey
Yum Ay uedIsAyd Aousb siaubisap
-Jel|iwe} -low anoidwil  ‘sinsuaidanua edlaWy bl]
EIJE] juedpijed MIIAIDIUI 0} uoyiesdey EIEETISIVE) Jo sa3e1S uolesnp3 SiyesyIld
-pow uoyieoeH  Bumoidw|  /ARAenenp e buidopasg ‘sueIdIsAYd T 2ARH[END shep ¢ PalUN  [eJIPSN HIWI - €207 Areniged [ed 8
SSOUDAIIDIYD
25UdPYUOD sy bupenjeas
aloul pue pue Uuo[edNPa
abpajmouy MIIAIDIUL  2JeDY}jeay 3|ge
UaUod  /AjPAleYEeND -uleIsSns Yyoeay w€]
puons  -aieuuonsanb 0} uoyiesdey spoylawl 1aydea| 0202 pueig
ybiH uoyiexoeH Bululen  /AjRARRIIUEND e buidojenag Ay Inoe4 €91 PIXIN syuow ¢ elesISNy |eDIPaN JETS[VENINIETIEINe]=l5) /
Apn)s uonednps
jo ulpey uonedo|
An Jo suon ABojopoyraw UOIJUdAIDIUL syuedpiied  syuedpiyaed |ediydesb ioyine
-lenp  -edqdwy)  sawodINQ uonenjeay 93 Jo sndo4 Jo adAL josaqunN ApnisjoadA]l swendwi] -09D |leuanor uonedignd 1s44  wnN

(panunuod) | 3jqey



Page 8 of 16

(2024) 24:554

Rooholamini and Salajegheh BMC Medical Education

uoneIoge||0d

-193Ul pue
uoleAouUl
|edIpaw
plemoy
Sapnie pue
suondadiad

juedpiied
uo suoyje Spaau [eojul sjeuolssajold
ey 19WUN Ssaippe aledyyeay
aiedyieay ojuoyiedey  ‘sinsuaidanus edlBWY e
joedwl  aieuuonssnb aledyjeay e ‘s1aubisap 4O S9181S uoneonp3 8107 Buep
ybiH uoyiexoeH yblyayr  /APARUEBND Buidojanag ‘si9au1bug /ST dAIBIIUBND syuow 9 pajun  [edIP3N DING 1aquadag Yy uoser €l
welboid
oU1 yum uon
-DBJSI1es JOo
S|oA9| YbiH siapinoid
ESTTRENEY] a/edy3eay
1o} weipoud
01 paje|al puturen A
25UdPYUOD RISEELe)S)
pue abpa paseq-uone|
-|MOou -nuIs ANjapy
Bujuren Ul spusw uon3|l -ybiy |oA0u e edlPaWY SUPIPSN [l
9)eld  paseq-uon -anoldull “peqpasq  bunenjeas pue suepisAyd josaels  Aouabiawg pauweq
-POW -enuiIs uedyiubls  /AjAneNenD Buidojenag ‘SUIPNIS €l dAIRYEND - panun JO[ewinNor 610z Aeniga4  uensuyd L
pululen
Abojolpes ul
S9UW02IN0
Bujuies| pue
Juswabebus
usw S3WODINO
-9dueyug Bujuies| pue
‘uonedyiuweb Juswabebus
UOYIB)OBH  JO SIUSWID 3dUBYUD 0}
/Uoled  YlMm 3|npow SIUBWII
-ylwes  buutes Abo uonedyiweb
/592IN0S3l -|oipes e pajesodiodul sjeuolssajold [87]
puesjooy  Jo3daouod 1ey3 a|npowl buy aledyieay edlaWY Bujbew| 1yeizels
9183 mau bul -jo-jooid  aleuuonsanb  -ureny Abojolpel ‘SISID[RULIONUI 4O 591815 [eubig Jo SNIDIUIA
-pPOW -1eal)  |NYSSIIINS Y /AjAuenD e bupean ‘s1s1bojolpey ] SAllRIIUBND sAep g panun [euinor  zz0og Aleniga4 01pad Il
Apn)s uonednps
jo ulpey uonedo|
An Jo suon ABojopoyiaw UOIJUIAIDIUL syjuedppied  syuedpiyaed |ediydesb ioyine
-lenp  -edqdwy)  sawodINQ uonenjeay 9Y3 Jo sndo4 Jo adA) josaqunN ApnisjoadA]l swendwi] -09D |euanor uonedignd 1S4 wnN

(panunuod) | 3jqey



Page 9 of 16

(2024) 24:554

Rooholamini and Salajegheh BMC Medical Education

BIEIES
-poy  uoyiesdeH

ubiH  uoyesdeH

siojusw
Jo siaquunu
obue| Bul
-beuew pue
'S9OURIAYIP
|eJnynd
Buissaippe
"YijesH ul
uolneAouUl
pue uol}
-eJjoqe||0d
Areuydp
-sIpJajul Jo
s)yauaq pue
Ayjiqisesy ayy
ol ybisul
Buipirold
S|19S JUDU
-abeuew
PIuod ‘diys
-lapes| ‘uon
-e2UNWWOod
3y 23e2Np3
0} paau ay}
‘uonedNpa
[BUOISS3)
-0id-Ja1ul
‘Ansnusp
paseq
-9DUIPIAD
‘uondNIISUl
[eD1Ul> 03U
90UBIDS
diseq Jo
uoneibaul
93 01 M3IIA
e BuIpInoig

alleuuonsanb
/AlBniiuen

alleuuonsanb
/AjAuenD

Sanss| yyeay

olgnd aajos
0} Uoyiesdey
e buidojensg

win|NoLIND
[eauap |eulblo
ue 91e3ld 0}
uoyiexdey e
buidojenag

Aynoey
‘SYUIPNIS

Aynoey
'SJUaPNIS

08  SAIRIEND  Yuow | puejeyl

eoLRWY
Jo sa1818
0z aAneIueND syuow ¢ payun

Y3eaHn
pue Y1jesHw
HIWF

uoneaNpa
[B21paW DING

[9€]
puod

-yyaseu
-eyed
/10713qon0  buodny S|

td
8l0C  Meyes’S
1PqWadag  UdBYeYs L

Apn)s uonednps
jo urpey
An  josuon
-lendp  -edjdwy

sowodInQ

ABojopoyiaw
uonenjeay

UOIUAAIRIUI
9Y3 Jo sndo4

syuedpnsed
Jo adA)

uoneso|
syuedpiyed |ediydesb
josaqunN ApnisjoadA]l swendwi] -09p

|eunor

Joyne
uonediqnd 144 wnN

(panunuod) | 3jqey



Page 10 of 16

(2024) 24:554

Rooholamini and Salajegheh BMC Medical Education

uonedNpa [e216
-Ins pue A1abuns
ul Ayjigeuteisns

SUJ9OU0D pue AYSISAIP JO
aolopjiom SWI9) Ul saaulen
|e2161ns 0} pue suoabins Aq
suoN|os P28} SUIIDUOD
3|geulRISNS SSalppe 0} edlWY uopeonp3 ed!
pue aAllRAOU  dlleuuol}sanb uoyiexdey e suoabins 4O S9181S |e216ing 020¢ 1ebzny
ybiH uoyiedoeH  -ui bupea) /AlAIUeND buidojenag ‘SUIPNIS XS dAlBIIUBND Aep | pajun JO [euinor J1aqwiandas | ISUsN 6l
1USAD
3y Jaye
sy10afoid ayy
uo buppom
aNUnUOD 0} K12bins s)sieads
ssaubul||Im ul swiajgold yyeay dignd
Ssiuedpn 01 SUOIN|0S ‘ajdoad ssau
-led pue [9AOU pUe  -ISNq ‘siaaulbua
90UBAD|DI U3IDLYYS puy ‘s|euolssajold [67] 1ng
1ofoid oy aleuuonsanb 0} Uoyiesdey 1]'syuspnis uoneAouU| [Py
ybiH uoyiexdeH  sa10ds ybiH /AlAIRUeND e buidojaasg  ‘s10300p ‘S9SINN 601 aAeIIUEND yuow | ueisPed |e216ing |Z0z 3snbny  seebepp 31l
uonesNpa
[eDIPaW Ul
swiajqold bul
-A|0S 104 ABO
-louyday jo
35N 2y} pue
weay Aeund
-sprNW uoneonps [ed [g€] efion
e JO dUe)} -Ipaw anoidwl Auloleuy -ZOUn
-lodwiayy  alleuuonsanb 0} uoyiesdey JO [euinor ouaqly
MOT uoyieddeH  buiziseydw3 /Kj2Auen) e buidojenag SuapNIS - SAllRIIUBND - epeue) ueadoing 1707 |Udy UOHIW /1
sadAj0y01d
pue SUO[IeA
-ouul yiesy
dlignd uay [L€]
ur bupnsal apuny
‘syuedpiped swsa|qoid -egeg
10§ 25U |RI21D0S SsaIppe jwakado
-uadxa  alreuuonsanb 0} uoyiesdey pawiuiey
ybiH  uoyiesdey anpsody  /ApApnuend e buidopreq SJUIPNIS 0S  aAleueND skep ¢ Oy AXgpaw €0z Aenuer  -npqy 91
Apn)s uonednps
jo ulpey uonedo|
An Jo suon ABojopoyraw UOIJUdAIDIUL syuedpiied  syuedpiyaed |ediydesb ioyine
-lenp  -edqdwy)  sawodINQ uonenjeay 93 Jo sndo4 Jo adAL josaqunN ApnisjoadA]l swendwi] -09D |leuanor uonedignd 1s44  wnN

(panunuod) | 3jqey



Page 11 of 16

(2024) 24:554

Rooholamini and Salajegheh BMC Medical Education

Alysnpul puuien
aJedyyeay |euolesnpa yod
33 Ul uon -dns pue ‘sabeys SyuapNIs ‘sje
-eAouUl Bul Buluuibag ayy  -uoissajoid ssau
-Jowoid pue urubisap ayy  -1snq ‘siaubisep
uonesdnNpa anoldul] ‘suoiy EREIENFEN)]
Aieuydpsip -Njos [eJIpaw ‘si9auIbua
SENplel} JO uolIRAOUUL  'SISIIUSIDS Blep
wilopeld e se 3y 21e49]9008 ‘sleuolssajoud edlPaWY SWIDISAS [o7]
9103 suoyiexdey 0} uoyiesdey aledyyeay 4O 591815 |e2IPaN JEN[IS
-pOW  uoyieydeH  Buissndsid  A@pAinenenp e buidoeasg ‘sueiisAyd 0SL 2AlRH[END skep ¢ pauun 40 [euinor alozAINr  Maunr 1
wea} 95I9AIp
e ulyum bul
SHOM 3Iym
S9DIAIDS pUR
syonpoid
Mau bupea
-ouul Jo 3sey
x39|dwod ayy
Buriojdxa
ERIETIEINE] [VleTal=3lele]:llTeb)
QWl}-|eal 10} JUSWUOIIAUD
ueb oy dAlRIDAUI Ue
syuedpied puneaid ‘Abo
Jay1o pue -|olpes uiyim
sysibojoipel SINSS| peoIq Abojoipey jo
10} Aju uawbpn(  aajos-wa|gosd HEIIENT] edlawy  96H3|j0D) ued [s7]
-nyjoddo 112dx3 /A]PAl} ojuoyiesdey  Ansnpul ‘syusap 4O 591815 -UaWY 9y} 19doo)
MOT uoyieddeH  ue buipiaoid -ejjenp e buidopAasg  -nis ‘suepIsAyd 00Z SAl3e}[eND - payun JO [euinor 8107 Yyoiey u1sI1y| 0z
Apn)s uonednps
jo ulpey uonedo|
An Jo suon ABojopoyiaw UOIJUIAIDIUL syjuedppied  syuedpiyaed |ediydesb ioyine
-lenp  -edqdwy)  sawodINQ uonenjeay 9Y3 Jo sndo4 Jo adA) josaqunN ApnisjoadA]l swendwi] -09D |euanor uonedignd 1S4 wnN

(panunuod) | 3jqey



Rooholamini and Salajegheh BMC Medical Education (2024) 24:554 Page 12 of 16

= ) may be students, faculty, or healthcare professionals [7].
3258 =5 Five studies found a high impact on participant percep-
. sls tions and attitudes toward interdisciplinary collaboration
§%5 %< (22, 26, 27, 36, 38].
SE¥ 3T
EZ2ER?
S L e o . Aspects of hacking in health profession education
] £z, S¢ § §62£8 8§ ?'Ci 2 The special insights of hacking in HPE included the adap-
B ££5228£35688£8563 tations considered in the interventions, the challenges of
£ 2722520582835 258 interventions, the suggestions for future interventions
o £F532EZEEEBLE2RESS ’ ’
and Lessons learned.
3 Adaptations
3 § The adaptations are considered to improve the efficacy
S g of hacking in HPE interventions. We found that 21 inter-
T s ventions were described as hackathons. Out of this num-
25 oS S£5 3 ber, some were only hackathons, and some others had
5 5 é% £ é é 5*% &< benefited from hackathons besides other implications
E z e g c288¢2s of hacking in education. Therefore, most of the details
S E 858522382 ¢ in this part of the findings are presented with a focus on
hackathons. The hackathon concept has been limited to
£ " the industry and has not been existing much in educa-
% -§ 2 % tion [39, 40]. In the context of healthcare, hackathons
= § g are events exposing healthcare professionals to innova-
/3 H e tive methodologies while working with interdisciplinary
" teams to co-create solutions to the problems they see in
"é = their practice [19, 22, 24, 25, 30, 41, 42].
8 ;3 Some hackathons used various technologies for inter-
5 'é nal and external interactions during the hackathon
including Zoom, Gmail, WhatsApp, Google Meet, etc
'§ [37]. . . Almost all hackathons were planned and per-
& formed in the following steps including team formation,
§_ team working around the challenges, finding innova-
= tive solutions collaboratively, presenting the solutions
o and being evaluating based on some criteria includ-
E . ing whether they work, are good ideas with a suitable
E gi problem/solution fit, how a well-designed experience
= ~ and execution, etc. For example, in the hackathon con-
= ducted by Pathanasethpong et al. (2017), the judging cri-
2§ |50 S teria included innovativeness, feasibility, and value of the
S8 T | % g projects [36]. Also, they managed the cultural differences
OoL |SH< between the participants through strong support of lead-
g ership, commitment, flexibility, respect for culture, and
g ;% willingness to understand each other’s needs [36].
Challenges
c Despite valuable adaptations, several challenges were
-% iz reported. The hackathons faced some challenges such
5 |2 % © as limited internet connectivity, time limitations, lim-
% g &3 itfed st}ldy sample, power supply, associated costs, lack of
= _ 5% dlvers.lty among participants, start-up culture, and lack of
S " % E = organizational support [13, 19, 25, 28, 30, 34, 37]. Some
- & 32 EGECEN interventions reported the duration of the hackathon was
% £ deemed too short to develop comprehensive solutions
s |2 N [37]. One study identified that encouraging experienced
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physicians and other healthcare experts to participate in
healthcare hackathons is an important challenge [26].

Suggestions for the future

Future hackathons should provide internet support for
participants and judges, invite investors and philan-
thropists to provide seed funding for winning teams,
and enable equal engagement of all participants to fos-
ter interdisciplinary collaboration [37]. Subsequent
hackathons have to evaluate the effect of implementa-
tion or durability of the new knowledge in practice [19,
28]. Wang et al. (2018) performed a hackathon to bring
together interdisciplinary teams of students and profes-
sionals to collaborate, brainstorm, and build solutions
to unmet clinical needs. They suggested that future
healthcare hackathon organizers a balanced distribu-
tion of participants and mentors, publicize the event to
diverse clinical specialties, provide monetary prizes and
investor networking opportunities for post-hackathon
development, and establish a formal vetting process for
submitted needs that incorporates faculty review and
well-defined evaluation criteria [22]. Most interventions
had an overreliance on self-assessments to assess their
effectiveness. To move forward, we should consider the
use of novel assessment methods [30].

Lessons learned
Based on the findings of hackathons, they have developed
efficient solutions to different problems related to public
health and medical education. Some of these solutions
included developing novel computer algorithms, design-
ing and building model imaging devices, designing more
approachable online patient user websites, developing
initial prototypes, developing or optimizing data analy-
sis tools, and creating a mobile app to optimize hospital
logistics [25-27, 36]. Staziaki et al. (2022) performed an
intervention to develop a radiology curriculum. Their
strategies were creating new tools and resources, gamifi-
cation, and conducting a hackathon with colleagues from
five different countries. They revealed a radiology train-
ing module that utilized gamification elements, including
experience points and a leaderboard, for annotation of
chest radiographs of patients with tuberculosis [28].
Most hackathons provide an opportunity for medical
health professionals to inter-professional and inter-uni-
versity collaboration and use technology to produce inno-
vative solutions to public health and medical education
[7, 23, 26, 30, 37, 38]. For example, one study discussed
that hackathons allowed industry experts and mentors
to connect with students [37]. In the study by Mosene et
al. (2023), results offer an insight into the possibilities of
hackathons as a teaching/learning event for educational
development and thus can be used for large-scale-assess-
ments and qualitative interviews for motivational aspects
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to participate in hackathons, development of social skills
and impact on job orientation [32].

The participants’ willingness to continue working on
the projects after the hackathons was also reported in
some papers [13, 29, 33]. One study highlights the poten-
tial of hackathons to address unmet workforce needs
and the preference of female surgeons for small-group
discussions and workshops [24]. Craddock et al. (2016)
discussed that their intervention provided a unique
opportunity for junior researchers and those from devel-
oping economies who have limited opportunities to
interact with peers and senior scientists outside their
home institution [27].

Dameff et al. (2019) developed and evaluated a novel
high-fidelity simulation-based cybersecurity training
program for healthcare providers. They found signifi-
cant improvements in the knowledge and confidence of
participants related to clinical cybersecurity after com-
pleting the simulation exercise. They also reported high
levels of satisfaction with the training program [21].

Discussion

This scoping review provided a detailed overview of the
existing literature on hacking in health profession edu-
cation and explored what we know (and do not know)
about this emerging trend. Our results emphasized
the increasing pattern of utilizing hacking in HPE for
enhancing teaching and learning, problem-solving, and
product generation. Our findings revealed that elements
of hacking in HPE can include; innovation, creativity,
critical thinking, and collaboration. Innovation is a criti-
cal element of hacking in education that holds different
meanings for different disciplines. Those involved in HPE
consider innovation to create new tools and resources
[7, 28], hackathons [13, 19, 20, 22-38], gamification [28],
and simulation-based training [21].

This study by introducing a different perspective or a
new application of hacking that has not been explored
before allows for a broader understanding of hacking
and its potential positive applications in HPE. Although
it does mention “hacking,” it does not refer to the mali-
cious or illegal activities often associated with the term
[43, 44]. The results of this study indicate incorporating
hacking into HPE aimed at improving education and
enhancing clinical or healthcare had positive outcomes
in learning, attitudes, knowledge, and skills. Embracing
hacking in HPE revolutionizes traditional teaching meth-
ods, promotes interdisciplinary collaboration, leverages
cutting-edge technologies, and cultivates a culture of
lifelong learning, ultimately enhancing clinical outcomes
and the healthcare system as a whole [13, 20-22, 26-28,
30-34, 36-38].

This study reveals that hackathons are more prominent
in the United States of America (USA) education system
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compared to other countries due to the culture of inno-
vation and entrepreneurship [7, 19-28]. It is important
to note that while hackathons are more prominent in the
USA, they are also gaining popularity in other countries
[13, 29-38]. This mindset directly contributes to design-
ing effective interventions and driving innovation across
different countries and regions around the world. In
comparison to other educational interventions, in hack-
ing within education studies, the geographical context,
the focus of the intervention, and outcomes can play a
significant role in shaping the educational intervention.
The relationship between them can be explained through
Socio-cultural theory which emphasizes the influence of
social interactions and cultural factors in learning and
development [45]. According to this theory, factors such
as cultural values, societal norms, availability of techno-
logical resources, access to educational opportunities,
and collaboration with local communities all play a role
in shaping the outcomes of hacking in education. In light
of the findings, creating a positive impact on education
through “hacking” as innovation requires adaptations
and overcoming challenges. Adaptations could involve
modifying traditional teaching methods, incorporating
new technologies into the learning process, or adopt-
ing new pedagogical approaches, such as project-based
learning or blended learning [40]. Adapting education
through hacking means finding innovative solutions to
improve teaching methods, student engagement, and
overall learning outcomes [46]. Challenges refer to the
obstacles or barriers that educators, leaders, or organi-
zations may face when trying to implement innovative
changes in education could be related to resistance to
change, lack of resources or funding, bureaucratic hur-
dles, or simply the complexities of navigating a rapidly
changing educational landscape [47]. Therefore, driving
positive change requires leading with creativity, persever-
ance, and collaboration [48]. In this way, different leader-
ship and management approaches and models can help
to create change. For example, studies show that Kotter’s
8-Step Change theory can be considered a guide for edu-
cators to lead innovation in education through hacking
[49].

With a clear definition of innovation, the next is to con-
sider how to systematize and embed a culture of innova-
tion within the educational organization. An important
component of this strategy is tying innovation to profes-
sional, school, and university priorities. Innovation is a
human-centered endeavor and requires key stakehold-
ers’ engagement to identify challenges and opportunities.
Our findings emphasized that while meeting with mul-
tiple stakeholders is critical, developing other champions
of an innovation focus is essential. Consider resources
available in developing internal and external advisory
members, local entrepreneurs, or leaders in innovation

(2024) 24:554

Page 14 of 16

roles. Other strategies can be used to guide the design
and development of innovation programs including co-
design sessions, focus groups, and the use of external
consultants.

Faculty members are the main actors of change and
the most effective source of creativity in education. They
have a significant role to play in driving change in edu-
cation by preparing the ground for creativity, adapting
to new changes, and stimulating change within the class-
room. They can create a positive and innovative learning
environment that benefits both students and the entire
organization [50, 51].

For many faculty members, innovation will be a new
area of inquiry. Hence, based on our findings we recom-
mend to the planners and organizers of faculty develop-
ment programs to design and implement some programs
about innovation in the teaching and learning process
considering these three key elements: building knowl-
edge, acquiring skills in applying rigorous innovation
methodologies to identifying and solving problems, and
generating opportunities to participate in innovation
activities can way to develop an interest in innovation
and elevate it as a school goal and priority [51, 52].

Overall, these findings demonstrate that the hack-
athon effectively met its objectives in the case of HPE
by promoting interdisciplinary collaboration, building
relationships, facilitating learning, developing innova-
tion, knowledge acquisition, practical problem-solving
skills, cross-disciplinary tools for teaching and learning,
and inquiry-based learning. In addition, findings reveal
the positive outcomes of hackathons in HPE includ-
ing increasing confidence levels as innovators, enhanc-
ing awareness of technological possibilities for future
healthcare givers, improved familiarity with healthcare
innovation and teaching entrepreneurship, improving
engagement, and learning outcomes in training, high par-
ticipant satisfaction, and increased motivation with the
program. Also, Hackathon in HPE emphasizes the role of
multidisciplinary teams and technology in solving medi-
cal education problems and encourages disciplinary col-
laborations to improve data collection and analysis [7, 13,
19-38]. A potential gap of knowledge in this study is the
lack of research on the long-term impact and sustainabil-
ity of hacking in HPE. While the study highlights the pos-
itive outcomes of incorporating hacking into education,
it does not delve into the long-term effects or address
the potential challenges in maintaining and sustaining
these innovative practices. Additionally, there is limited
mention of the assessment methods used to measure the
effectiveness of hacking in education, which could be an
area for further investigation.

Some limitations of this study are including, this com-
prehensive study includes a straightforward research
question, a predefined search strategy, and inclusion
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and exclusion criteria for studies that summarize all rel-
evant studies, allowing for a detailed understanding of
the available evidence. This had some limitations when
it came to collecting eligible articles. Since this review
extracted only published research, there are educational
interventions that are reported at conferences but have
not yet been published in the literature. The moderate
quality of full-text studies is indeed a limitation of this
study. Future research should consider including higher-
quality full-text studies to enhance the robustness of the
findings.

Although we searched for articles using general key-
words, these were limited to hackathon keywords. Fur-
ther research is needed to conduct hackathons in HPE
to drive sustained innovation and crowd-source solu-
tions. First, research should investigate how to enhance
faculty and student engagement and retention to foster
hackathons in HPE. Second, a multidisciplinary study is
crucial to strike a balance between embracing innovation
and evaluating its impact to ensure its successful integra-
tion into the education system. Third, future research
could focus on exploring the long-term impact, sustain-
ability, and assessment methods of incorporating hack-
athons in HPE.

Conclusion

Hacking in the health profession educational context
refers to the positive applications in teaching and learn-
ing that have not been explored before. Embracing hack-
ing requires adaptations, overcoming challenges, and
driving change through creativity, perseverance, and
collaboration. The goal of hacking in health profession
education is to create a more dynamic, adaptable, and
effective educational system that meets the needs of all
learners and prepares them for success in the rapidly
evolving 21st-century economy.
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