THE DEVELOPMENT, VALIDATION AND
EVALUATION OF PERSUASIVE GAMIFICATION
PROBLEM-BASED LEARNING IN MEDICAL
CURRICULUM

AZRIL SHAHREEZ BIN ABDUL GHANI

UNIVERSITI SAINS MALAYSIA

2024



THE DEVELOPMENT, VALIDATION AND
EVALUATION OF PERSUASIVE GAMIFICATION
PROBLEM-BASED LEARNING IN MEDICAL
CURRICULUM

by

AZRIL SHAHREEZ BIN ABDUL GHAN!I

Thesis submitted in fulfilment of the requirements
for the degree of
Doctor of Philosophy

May 2024



ACKNOWLEDGEMENT

With great pleasure, | present this PhD thesis, representing years of rigorous
research, dedication, and intellectual growth. I am grateful to my main supervisor,
Associate Professor Dr Siti Nurma Hanim Hadie @ Haji, my co-supervisors, Associate
Professor Dr Muhamad Saiful Bahri bin Yusoff and Dr Nik Mohd Rizal bin Mohd
Fakri, and my retired co-supervisor, Dr Ahmad Fuad bin Abdul Rahim, for their
unwavering commitment, guidance, and feedback. | extend my appreciation to the
content experts, lecturers, and 27 first-year medical students who participated in this
study. The faculty members at Universiti Sains Malaysia have enriched my
understanding of the subject, and | am grateful for their knowledge and expertise. |
also acknowledge the valuable collaboration and insights from my colleagues, which
have greatly contributed to the quality of this work. The vibrant academic community
has fostered intellectual curiosity and camaraderie, enhancing my academic journey. |
am thankful for the financial support provided by the Skim Latihan Akademik
Bumiputera from Kementerian Pendidikan Malaysia and the Geran Insentif
Pembangunan Siswazah-PhD PPSP, enabling me to pursue my PhD study without
financial burden. Lastly, | express my deepest gratitude to my family and friends,
whose unwavering support and encouragement have been the foundation of my
academic journey. In conclusion, this thesis represents years of research and
dedication. | hope that the findings contribute to the existing knowledge and inspire
future research endeavours. Undertaking this academic endeavour has been a privilege,
and 1 am committed to making meaningful contributions to the academic community.

Thank you.



TABLE OF CONTENTS

ACKNOWLEDGEMENT ...ttt i
TABLE OF CONTENTS. ...t ii
LIST OF TABLES ...ttt Xiii
LIST OF FIGURES ... XV
LIST OF ABBREVIATIONS ...t XVi
LIST OF APPENDICES.........o oo XiX
ABSTRAK s XXi
ABSTRACT ettt st e b rn e b e saee e XXIV
CHAPTER 1 INTRODUCTION ..o 1
1.1 INEOQUCTION ..o 1
1.2 Background of the reSearch..........ccccooveiiiieii i 1
1.3 Problem Statement ..o 9
1.4 Significance of the reSearch ...........ccoovevv i 12

14.1 RESEArch QUESTIONS .......cvoiviiiiiiieiiee e 14

1.4.1(a) Phase 1: The design and development of the PG-

PBL frameworkK ........cccccoeiviieienieseeseee e 14
1.4.1(b) Phase 2: Validation of the PG-PBL framework ............ 14
1.4.1(c) Phase 3: Evaluation of the effectiveness of PG-PBL
e (o] [PPSR PPN 14
1.5 General ODJECLIVE. ......c.oiiiiiie e 14
151 SPECITIC ODJECLIVE ..o 15
1.5.1(a) Phase 1: The design and development of the PG-
PBL framework ..o 15
1.5.1(b) Phase 2: Validation of the PG-PBL framework ............ 15
1.5.1(c) Phase 3: Evaluation of the effectiveness of PG-PBL
RTc ] (0] PSS 15
1.6 ResearCh NYPOLNESES .......cocviiiiieiie e 16



1.6.1 Phase 1: Development phase...........ccccovveveiieiieie e, 16

1.6.2 Phase 2: Validation Phase ...........ccceveiieienene e 16
1.6.3 Phase 3: Intervention phase.........ccccevveieiieieece e, 16
1.7 Operational definition ... 17
CHAPTER 2 LITERATURE REVIEW ..., 22
2.1 INEPOTUCTION ... 22
2.2 Problem-based 1€arning.........cccceiiviiiiiiiecccc e 23
221 History of problem-based [earning...........c.ccocvvvvniiiinincncienn 23
2.2.2 PBL as a student-centred approach ..........cccocovevveiiiiiiciie e, 25
2.2.3 PBL and constructivism instructional design principles................ 27
224 Innovative PBL INtEIVENtION .........c.cooviiiiiiecceeeeeeecee 30

2.2.5 Global adoption and cultural perspectives in the evolution of
P B 33
2.2.6 PBL and the Maastricht 7-steps method ............ccccoveveieivciecnene, 36

2.2.7 Transitioning from face-to-face PBL to online PBL during the
COVID-19 PandemiC .....ceccueeierireiecieesie e e se e 40
2.2.8 Effective learning behaviour in PBL...........ccoocviiiiniiiieiccc 43
2.3 GAMITICALION.....ceiiiiiieiecce s 46
231 Gamification iN €dUCALION ...........coceiiririeieee e 48
2.3.2 PBL and gamification............cccccovviiiiieiicie e 50

2.3.3 Gamification and persuasive design: Beyond standard
APPFOACK ...t 51
2.34 Learning theories related to persuasive gamification.................... 54
2.4 Validation of educational framework.............cccovriiiininenie e 59
2.5  Cognitive [0ad thEOMY ......cciiiiiee e 61
251 Three types of cognitive 10ad............cccocevevieiiic i, 63
2.6 StUAENT BNGAGEIMENT .....ocuiiiiiiiiiiee e 66
2.6.1 Different types of learning engagement...........ccccccevevveiieeiineinnns 67



2.7  Knowledge acquisition iN PBL .........cccccoveiiiiiiieie e 70
2.7.1 The role knowledge retention and exam performance.................... 71

2.7.2 Impact of gamification on the achievement learning outcomes..... 74

2.8 Conceptual framework of gamified PBL .........cccccoocviiinininicccec e 75
CHAPTER 3 METHODOLOGY ...ttt 79
3.1 INEFOTUCTION .ttt nre s 79
3.2 Phase 1: The design and development of the PG-PBL framework................ 79
3.2.1 Stage 1: Identification of research question ............ccccceevereieninins 80

3.2.2 Stage 2: Identification of relevant studies...........ccccooeviveiieiineenen. 81

3.2.3 Stage 3: Selection of relevant articles ..........cccooeveiieviiiic i 82

3.24 Stage 4: Data Charting ........ccceevveeiieiieesic e 87

3.25 Stage 5: Collating, summarising, and reporting the results............ 88

3.2.6 Stage 6: CONSUIALION .......ooviiiiiiieiee e 88

3.2.7 Development of PG-PBL framework.............ccccoceviveviiieivcriesnn, 89

3.3 Phase 2: Validation of PG-PBL framework...........c.ccccvoviniininienciciencens 91
3.3.1 Content validity STUAY .......cccoovveiieececce e 92

3.3.2 Response process validation Study ..........cccccevvvienenienieeneerie s 94

3.33 Internal structure evaluation.............ccccoovieiiiiiinciscc s 97

3.4 Phase 3: Evaluation of PG-PBL framework...........c.ccccvoviiriniiicnencnenens 98
34.1 SEUAY AESIGN ..o 99

34.2 Study population and sampling frame..........cccoccvveveiieiveiesenn 100

3.4.3 Sampling method and eligibility criteria............cccccooviveviveieinnen 100

344 Sample size calculation ..., 101

345 Participant’s reCTUIMENt .........ccoeiiiuieiiiiiie e 102

3.4.6 Stratified random allocation ............ccocevveiieiiinee, 103

3.4.7 Ethical approval and ethical consideration................cccccceevvevnnenen. 106
3.4.7(a) Participant’s vulnerability..........cc.ccovriviiineneneninene, 106



3.4.8

3.4.9

3.4.10

3.4.11
3.4.12
3.4.13
3.4.14

3.4.15

3.4.7(b) Measures taken to reduce contamination..................... 108

The INtervention StAge .........ccovririeieieiese e 110
3.4.8(a) Control Group: Online PBL $eSSioN.........cccccevevveennnne. 110
3.4.8(b) Intervention Group: PG-PBL SesSioN .........ccccevvveenne 111
3.4.8(c) Timeofthe PBL .....c.cooveviiiiiiiieec e 112
3.4.8(d) FaCHitator........cccovieiiiiiee e 113
3.4.8() PBL ACUVILY ...veccvieiiicciic e 115
3.4.8(f) PBL CaSE trQUE ...veveviieeiieeiieieeieie e 116
3.4.8(g) Researchtool .........cccooviviiiiiiie e 117
Quantitative data collection...........c.cccvevve i, 123
3.4.9(a) Pre-PBL teSt SCOIE ....ccovivvieiiiieiie e 124
3.4.9(b) Intrinsic 10ad SCOTE........cevuveierieiiee e 124
3.4.9(c) Extraneous 10ad SCOre.........cccevviiiieiieeiie e 124
3.4.9(d) Self-perceived learning SCOre .........cccccvevvevvereseesrnenn. 124
3.4.9(e) Emotional engagement SCOre........coovvvererrereneneniennns 125
3.4.9(f) Physical engagement SCOre.........ccvvvevvrieereerresveseennns 125
3.4.9(g) Cognitive engagement SCOIE.........cccueruvrerreereesreeseenens 125
3.4.9(h) POSt-PBL teSt SCOIe.....ccvviveevieeieciiecieee et 126
Qualitative data COIECtIoN..........ccooviieiiee e 126
3.4.10(a) Focus group discussion procedure..........c.ccceevverrvenenne. 126
3.4.10(b) Trustworthiness of focus group discussion data.......... 127
Data aNalYSIS .....cveiieiieeiece e 129
Quantitative data analysis: Descriptive data analysis .................. 129
Quantitative data analysis: Inferential statistical analysis............ 129
Qualitative data analysis...........ccooeriririiiiiees e, 130
EXPECted OULCOMES.......coviiiieirieie ettt 134

Vi



CHAPTER 4  RESULTS ... 135
A1 INEFOTUCTION ...t 135
4.2  Phase 1: Development of the PG-PBL frameworkK ...........c.cccccooviiiveieinnns 135
421 Results of the SCOpPING reVIEW L........ccccoviiiiiiininieiee e 136
4.2.1(a) Demographic data of scoping review 1 ............c.c........ 137
4.2.1(b) Content analysis from scoping review 1: Effective
learning behaviour ...........cccccoeiiiiiic e, 144
4.2.1(c) Theme 1: Intrinsic empowWerment...........cccocvevvvrvereenne 144
4.2.1(d) Theme 2: ENtrustment...........cccovvveviiieviesiieesee e 146
4.2.1(e) Theme 3: Functional sKills...........c.cccceevevviinineinin, 147
4.2.2 Results of SCOPING FEVIEW 2 .......coeeiiiieiieieeie e 152
4.2.2(a) Demographic data of scoping review 2 .........c..cceu..e. 153
4.2.2(b) Content analysis from scoping review 2: Persuasive
gamify elements..........cccooveviii i 161
4.2.2(c) Theme 1: High-fidelity simulation .............cccccceoveuenne. 161
4.2.2(d) Theme 2: Inquisitive exploration............cccccevveviennnnne. 162
4.2.2(e) Theme 3: Collaborative learning ............ccccoevevivveinnnne. 163
4.2.2(f) Theme 4: Interactive inStruction...........c.ccccevevvevvennnnnn. 164
4.2.2(g) Theme 5: Guidance and feedback...........cc.cccovvveinnnnn. 165
4.2.2(h) Theme 6: REWArAS ........ccccovevvveieiieie e 166
4.2.3 The first version of PG-PBL framework............ccccooviininnnninns 169
4.3  Phase 2: Validity of the PG-PBL frameworkK.............cccccoovvviveviiiiciiececns 182
431 Result of the content validity evidence of PG-PBL framework... 182
4.3.2 Result of the response process study of PG-PBL session............. 191
4.3.3 Result of internal structure evidence of PG-PBL framework ...... 194
434 The final version of the PG-PBL framework: Instructional
steps and detailed implementation ............ccoccovviiiiicnenencs 195
4.4  Phase 3: Evaluation of the effectiveness of PG-PBL session ...................... 214

Vil



4.4.1 Part A: The descriptive data of the participants................c.cce.e... 214

4.4.1(a) Response and participation rates ..........cccceceverereennenn 214
4.4.1(b) Demographic profile of the participants...................... 214

4472 Part B: The quantitative evaluation of the effectiveness of the
PG-PBL SESSIONS ...ttt 217
4.4.2(a) Students’ cognitive load SCOTES .......ccevververiererieriennnn 217
4.4.2(b) Students’ engagement SCOTES.........cuvrrueruererruerieesenne 218
4.4.2(c) Students’ test performance ..........coovevriveieererenenenienns 219
4.4.3 Focus group discussion analyses........ccccvvvveveeiieeiiesieesee s 222
4.4.3(a) Participants demographic profile distribution ............. 222
4.4.3(b) Constant comparison analysis..........cccoceevverieerenieeniennn 223
4.4.3(c) Classical content analysis .........ccocevvvereeieesieennereesnenns 266
45  Summary of the reSUILS.........cooiiiiiieie e 269
CHAPTER S DISCUSSION ....ooiiiiiiiieieeee e 2172
5.1 INETOTUCTION ...t 272
5.2 SCOPING FEVIEW ....ecvieieciieiteetesiesteesteeeeste e taesaessaesteesaesneessaetesneesseenseaneesneens 272
5.3  Scoping review 1: Effective learning behaviour...........ccccooeviiiiininen. 273
53.1 INtriNSIC EMPOWEIMENL.......ccviiiiiieeieeie e 273
5.3.1(2) ProactiVe ........ccovvieiiiiieie s 273
5.3.1(b) BEING OrganiSe .....cceeveieeieeiesiee et 275
5.3.1(c) Being diligent.........ccooiiiiiriniieee e 277
5.3.1(d) Being resourceful.........cccccoviiiiiiiiiiiie e 279
5.3.2 ENtrUSIMENT ... 281
5.3.2(2) Student as @SSESSON.......ceccveereerreeireeireseesreesieseesreesseans 281
5.3.2(b) Student as teaCher ...........c.coovvieieieneieseeeeeeee 282
5.3.2(c) Give feedback.........cccoovveviiiiiiciee e 284
5.3.2(d) Receive feedback...........ccoooviriiiiiiiiiiseee 285
533 Functional SKIllS ... 287



5.4

5.5

5.6

5.3.3(2) Time management ........cccccvevveveeieeieeseese e 287

5.3.3(b) Digital profiCienCy .........cccceviviiiiiiiiiesee e 288
5.3.3(c) Data management ..........ccccoovevieieeiieiieie e 289
5.3.3(d) Collaborative sKills...........cccooiriininiiiie, 291
Comparing effective learning behaviors with the Maastricht 7-steps
MELNOT 1N PBL ... 293
Scoping review 2: Persuasive gamification elements .............ccceevevivevieenn, 294
551 High fidelity SIMUIAtioN ..........c.ccoooiiiiiii e 295
5.5.1(a) Authenticity of case SCENAri0.........cccccveviveeiveiiiieiieenn, 295
5.5.1(b) Equipment simulation..........ccccccoovviveiiiiniineie e 297
5.5.1(c) Role play simulation............ccoocenininiininnienese e, 299
55.2 INQUISItiVe eXPlOration.........cccccveieeieeie e 301
5.5.2(a) Stimulate curiosity inlearning...........cccccceeviveiineeninenne, 301
5.5.2(b) Provide positive learning environment..............c......... 303
553 Collaborative 1earning .........ccocvveereriesieesiee e 304
5.5.3(a) Functional group dynamic ..........cccccvevvevieiveresinesnennn. 304

5.5.3(b) Intragroup cooperation and intergroup competition.... 306

554 Interactive INStrUCTION...........ccoiiiiiicec e 309

5.5.4(a) Interactive learning tools ...........ccccocvvereiniiiiicinneen 309

5.5.4(b) Challenging inStruction...........ccccccevvvevviiciieese e, 311

5.5.4(c) Interesting Narration..........cccceverenenenieeienene e 313

555 Guidance and feedback ...........ccocveiiiiiieii e, 315

5.5.5(@) Immediate constructive feedback ...........c.cccoovvrvennne. 315

5.5.5(b) Facilitation, task, and resource guidance...................... 317

5.5.6 REWAITS ...t 319
5.5.6(a) Task specific, real time and based on task difficulty

TEWANS ...t 319

PG-PBL versus online PBL: Game element features and added values...... 320



5.7

5.8

5.9

5.10

Validity evidence of PG-PBL framework...........c.ccccovoviiiiiie i, 327

5.7.1 Content evidence of validity of PG-PBL framework................... 327
5.7.2 Response process evidence of validity of PG-PBL sessions........ 328
5.7.3 Internal structure evidence of PG-PBL framework..........c........... 330

57.4 Validity of PG-PBL framework versus the validity of the

traditional PBL frameworkK...........cccoveiiiiieneie e, 331
Phase 3: Discussion on the intervention phase..........cccccvveiiievieiieesie s, 333
58.1 Discussion on descriptive data of the participants ............ccccc...... 333
5.8.2 Discussion on response rate and participation rate ...................... 334
5.8.3 Discussion on demographic profile of the participants................ 334
58.4 Discussion on dropout rate and attrition rate ............cccocevvriienenn 337
Quantitative outcomes of the StUdY ..........ccceevevieiicie e 338
59.1 Students cognitive load level.............cccoooviiiiiiiic e, 338
5.9.1(a) Students’ intrinsic cognitive load level..............c.c....... 338
5.9.1(b) Students’ extraneous load level ............ccceevveiiiennenne 341
5.9.1(c) Students’ self-perceived learning ...........ccccceevvvvvennnne. 344
5.9.2 Students’ engagement level...........ccovviiiiiiiiiiici 346
5.9.2(a) Students’ cognitive engagement.........ceverververerrereennes 346
5.9.2(b) Students’ emotional engagement............cccerererereene. 349
5.9.2(c) Students’ physical engagement...........ccccevererenerienne. 352
593 Student test Performance..........ccoeveririiieiene e, 354
5.9.3(a) Students’ pre-PBL test SCOreS.........cccovvvvvvrveresiesrnenn. 354
5.9.3(b) Students’ post-PBL test scores of the study ................ 357
5.9.3(c) Students’ change of test scores within group .............. 359
Constant compariSON ANAIYSIS .......ocververiririiieieie e 362
5.10.1  Characteristics of engaging PBL SeSSIiONS..........cccceveiveivvevesnennn. 362
5.10.1(a) Include elements of persuasive gamification............... 363
5.10.1(b) Good facilitation ...........cccceeevveeiiieeiie i 365



5.10.1(c) Efficient use of learning tools............cccccccevvevviiernnennn. 367

5.10.1(d) Effective questioning strategies..........cc.ccervvervrreereeann. 370
5.10.1(e) Effective discussion strategies..........ccccevvevveresierreenne. 373
5.10.1(f) Realistic and relevant key learning iSsues ................... 375
5.10.1(g) Good presentation Strategies..........ccevveriveereeiiveerieennn, 377
5.10.2  The benefits of engaging PBL SESSIONS..........cccovvvrvierienenierieninn 379
5.10.2(a) Stimulate cognitive actiVities............cccevveerieeiinrenieene, 380
5.10.2(b) Promote active learning behaviour .............c..cccoveneenne. 382
5.10.2(c) Experience flow state of mind...........cc.ccooeevveiineinnnnn 384
5.10.2(d) Reduce fear of failure ..........cccccoevvvvevecic i, 386
5.10.2(e) Stimulate engaging interaction .............cccccevvvevivvevnnene 388
5.10.2(f) Stimulate emotional reaction toward learning............. 389
5.10.3  Factors of disengaging PBL SeSSIONS..........ccccvvvieieiieienenicieninn 391
5.10.3(a) Lack of Q&A SESSIONS .......cccvevveiierieerireieseesie e s 391
5.10.3(b) Lack of prior knowledge on the discussed content...... 392
5.10.3(c) Difficulty to adapt with new learning environment..... 394
5.10.3(d) Time-consuMiNg SESSION ........ccerueriervereeriereenienieniennes 395
5.10.3(e) Cognitive overload............ccccceveevveieiieieece e 397
5.10.3(f) Facilitator ISSUE.........oceiviieirieicieee e 399
5.10.4  Suggestions to improve engagement in PBL sessions................. 401
5.10.4(a) Use interactive type of assessment ........ccoceevevvvivennne 401
5.10.4(b) Empower turn-taking mechanism...............ccccceevenenne. 403
5.10.4(c) Improve the scoring SYSteM ..........ccccvvveienenenencnienn 404
5.10.4(d) Improve Padlet usability...........ccccovveviiiiiiiiiiiece, 406
5.10.4(e) Empower facilitation skills............c.ccooviiiininninnn. 408
5.10.5 Integrative framework: The impact of PG-PBL sessions
compared to online PBL SESSIONS..........cccoiviiriiieieiene e 410
5.11 Strengths of the present WOrk..........cccceivviieiiiiiis i 413

Xi



5.12 Limitations of the preSent WOrk ...........cccceoveveeiiiic i 415

5.13 Recommendation for future reSearch ............ccooeveieiencneni s 418
5,14 CONCIUSION.....couiiiiiiiie ettt 422
REFERENCQCES. .......cc oot 424
APPENDICES

xii



Table 2.1
Table 3.1
Table 3.2
Table 3.3
Table 3.4

Table 3.5

Table 3.6
Table 3.7

Table 3.8

Table 3.9

Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 4.7

LIST OF TABLES

Page
Comparison of standard and persuasive gamification ...................... 54
Inclusion and exclusion criteria for scoping review 1 ...........cccccc...... 84
Inclusion and exclusion criteria for scoping review 2 ............c.cee.... 86
Stratification of the confounding factors............ccccccvvevivivciiecnenen, 106
Research measurement tools for quantitative data..............c.cccco...... 121

Quantitative data construct, data collection time, variables, and

MEASUrEMENT 00 ........ooviiiiii e
Strategies to ensure trustworthiness of FGD data.............cccccocvennen.
Inferential statistical tests performed in this study.............ccccovennne.

Expected List of categories, corresponding select codes for each
axial code, and the open codes assigned to individual quotes .........

Expected outcome of this study based on the Kirkpatrick’s level

on best evidence in medical education.........c.cccvveeeeveeeceeieeeeeeen

Studies characteristics and effective learning behaviour identified

fOr SCOPING FEVIEW L.t s
Theme and element of effective learning behaviour........................
Studies characteristics for scoping review 2 ..........ccccccevveveivernnenne.
Theme and element of persuasive gamification............cc.cceceeernenne.

The first version of PG-PBL framework principles based on the
mapping between first scoping review and second scoping review

themes and ElEMENES .......eeeeeeeeee et

The principles, definitions, elements, and strategies in the first

version of PG-PBL frameworkK ..o

Content validity indices for the first version of PG-PBL

TrAMEBWOTK ...



Table 4.8

Table 4.9

Table 4.10

Table 4.11

Table 4.12

Table 4.13

Table 4.14

Table 4.15

Table 4.16

Table 4.17

Table 4.18

Table 4.19

Table 4.20
Table 4.21
Table 4.22
Table 4.23

Table 4.24

Phases, PG-PBL principles,

instruction of the revised version of PG-PBL framework. .............. 185

strategies, and step-by-step

The response process validity indices of the revised PG-PBL

TrAMEBWOTK ... 192

Lecturers’ written feedback with regards to PG-PBL instructional

The phases, PG-PBL principles and instructional steps of the final
version of PG-PBL framework ...........cccccvvievieiiiiiie e, 198

Details of the implementation during the intervention phase for
Online PBL and PG-PBL group activities..........c.ccccovevveriesverunenne. 202

The confounding factor profile distribution of consented
participants after stratified random allocation...............ccccccovevnenne. 215

Participation, dropout, and attrition rates at different stages of data

COMIBCEION ..ot e e, 216

Differences of the intrinsic load, extraneous load, and self-
perceived learning scores between the study groups ...........cccceeu..... 217

Difference of the cognitive, physical, and affective engagement

scores between the study groups.........ccccevveveiieeieeie e 218

Differences of the pre-PBL test scores percentage between the
SEUAY GIOUPDS ..ttt ettt sttt sne et e s e e 219

Differences of the post-PBL test scores percentage between the

SEUAY OIOUPS ..ttt ettt te e saa e 220
Change of test scores within the study groups.........cccceeveveriverinenen. 221
Demographic profile distributions of the FGD participants ............ 222
Numbers of participants for each FGD Session.........c.cccccevevveveeinnen. 223

Frequency of select code according to category in study groups.....267

The result of the quantitative measures according to the

NYPOLNESIS OULCOME .....cviiiiiiiiieiieiee e 271

Xiv



Figure 2.1

Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Figure 4.1

Figure 4.2

Figure 4.3
Figure 4.4
Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.5

Figure 5.1

Figure 5.2

LIST OF FIGURES

Conceptual framework of this Study ..........cccceveririiniiiiecee, 78

Mapping of the theme and element to the problem design phase,

learning cycle phase and assessment and evaluating phase. .............. 91
Content validity index formula and lower limit acceptable value .....94

Response process validity index formula and lower limit

acceptable ValUE ..........ooiiiieee e 97
Study flow consists of PBL cycles and Sessions...........ccccccvevnenne. 113

Flow diagram of PRISMA-Scr showing search the strategy and

selection process of the scoping review L.......ccccccovcvvvevivevecieninennn. 136

Flow diagram of PRISMA-ScR showing search strategy and

selection resources Of SCOPING FEVIEW 2.........cccvveririeeiienienienieneenns 153
The revised version of PG-PBL framework.............ccccocveneinennne. 184
The final version of PG-PBL framework............c.cccceovinencininnenn. 197
The overall interface of PG-PBL session using Padlet.................... 211

The interface and step by step for turn taking mechanism in PG-
PBL session using Padlet ...........ccocveiieiiiiiiecec e 212

The interface and step by step for leaderboard in PG-PBL session
USING PadIEt ... 213

Change of test scores within the study groups...........cccccevererenenins 221

Online PBL utilising Maastricht 7-steps method versus PG-PBL

FLAMEBWOIK ...t a e e 326

Integrative framework of this study ..........cccccevvviieviiicicc e, 413

XV



ANOVA
ATLAS: i

BESS
CA
CE
CFA
CGPA
Cl

CL
CLS
CLT
CM
Corp.
CRS
CSF
CVI
df
EBL
ECG
EE
EFA
EL
ERIC
e-learning
FGD
FVI
GBS
GmbH
GPA
HFHS

LIST OF ABBREVIATIONS

Analysis of variance

Archiv flr Technik, Lebenswelt und Alltagssprache (Archive
for Technology, Lifeworld and Everyday Language.text
interpretation)

Burch engagement survey for student

California

Cognitive engagement
Confirmatory factor analysis
Cumulative grade point average
Confidence interval

Cognitive load

Cognitive load scale

Cognitive load theory

Concept map

Corporation

Classroom response system
Cerebrospinal fluid

Content validity indices

Degree of freedom
Example-based learning
Electrocardiogram

Emotional engagement
Exploratory factor analysis
Extraneous load

Education Resources Information Center
Electronic learning

Focus group discussion;

Face validity index

Guillain Barre Syndrome
Gesellschaft mit beschrénkter Haftung
Grade point average

High-fidelity human simulation

XVi



ICL
IQR
ICC
IHUM
IL

Inc

IR 4.0
IT
I-CVI
I-RPVI
LBL
MD
MESH
MQA
MTFQs
MUET
NCBI
NGT
NY
PBL
PG-PBL
PE

PhD
PRISMA-ScR

Q&A
RCT
RPVI
SBAs
SBQs
SD
SP
SPL
SPSS
S-CVI

Informal cooperative class

Interquartile range

Intraclass Correlation coefficient
International Islamic University Malaysia
Intrinsic load

Incorporation

Industrial revolution

Information technology

Item-level content validity index
Item-level response process validity index
Lecture-based learning

Mean difference

Medical Subject Headings

Malaysian Qualification Agency

Multiple true false questions

Malaysian University English Test
National Center for Biotechnology Information
Nasogastric tube

New York

Problem-based learning

Persuasive gamification problem-based learning
Physical engagement

Doctor of Philosophy

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses Extension for Scoping Review
Question and answer

Randomised controlled trial

Response process validity index

Single best answers

Scenario-based questions

Standard deviation

Standardised patient

Self-perceived learning

Statistical Package for the Social Sciences
Scale-level content validity index

XVii



S-CVI/UA Scale-level content validity index universal agreement
S-CVI/Ave Scale-level content validity index averaging method
S-RPVI Scale-level response process validity index

S-RPVI/UA Scale-level response process validity index, universal
agreement
S-RPVI/Ave  Scale-level response process validity index, averaging method

TL Traditional lecture

USA United States of America
USM Universiti Sains Malaysia
VR Virtual learning

WA Washington

WoS Web of Science

Xviii



Appendix |
Appendix Il

Appendix 111

Appendix IV

Appendix V
Appendix VI
Appendix VII

Appendix VI

Appendix IX

Appendix X

Appendix XI
Appendix XII
Appendix X111
Appendix XIV

Appendix XV
Appendix XVI
Appendix

XVII

Appendix
XVIII

Appendix XIX

LIST OF APPENDICES

Data charting table
Publication in medical science educator

Publication in research and practice in technology enhanced
learning

The content evidence of validity online consent and inventory
form

The response process validity study online consent form
The response process validity study online inventory form
Student online consent form

Ethical approval letter from Human Research Ethic Committee,
USM

Ethical approval letter from IIUM Research Ethics Committee

Ethical approval extension letter from UM research ethics
committee

Vetted meningitis case trigger with its learning outcomes
Guillain-Barre syndrome case trigger with its learning outcomes
Student engagement and cognitive load online questionnaires
Online assessment form for Friday group: meningitis case

Online assessment form for Saturday group: Guillain-Barre
syndrome

Credibility evidence moderators training to construct interview
for FGD

Credibility evidence of ATLAS-ti software training
Open-Axial-Select codes relationship

Abstract published in 2" Malaysian Anatomical Association
Conference

XiX



Appendix XX
Appendix XXI
Appendix

XXII

Appendix
XXII

Appendix
XXIV

Appendix
XXV

Appendix
XXVI

Appendix
XXVII

Certificate of participation as oral presenter in 2" Malaysian
Anatomical Association Conference

Publication award incentive for the scoping review published in
medical science educator journal

Publication award incentive for the scoping review published in
research and practice in technology enhanced learning journal

Credibility evidence of trained PhD student as an online PBL
facilitator

Credibility evidence of trained PhD student to create an activity
based virtual classrooms

Credibility evidence of trained PhD student to create a
meaningful remote learning for PBL

Credibility evidence of trained PhD student to conduct a
systematic review

Interview protocol for FGD

XX



PEMBANGUNAN, PENGESAHAN DAN PENILAIAN
PEMBELAJARAN BERASASKAN MASALAH YANG MENGGUNAKAN

GAMIFIKASI PERSUASIF DALAM KURIKULUM PERUBATAN

ABSTRAK

Pembelajaran berasaskan masalah (PBL) ialah pendekatan berpusatkan pelajar
yang menggalakkan pelajar memperoleh dan mengguna pengetahuan dan kemahiran
untuk pembelajaran sepanjang hayat. Walau bagaimanapun, untuk memupuk minat
penglibatan pelajar kepada aktiviti pembelajaran dalam PBL adalah mencabar kerana
kerumitan prosesnya dan kewujudan interaksi pelbagai pembolehubah. Gamifikasi
persuasif adalah kaedah yang terbukti berkesan dalam pendidikan tinggi, di mana
elemen reka bentuk permainan digunakan untuk meningkatkan penglibatan dan
merangsang tingkah laku pembelajaran pelajar. Oleh itu, menggabungkan elemen reka
bentuk permainan dalam reka bentuk pengajaran PBL boleh menjadi kaedah yang
berkesan untuk menarik minat penglibatan pelajar dengan aktiviti pembelajaran.
Kajian ini bertujuan untuk membangunkan garis panduan PBL gamifikasi persuasif
yang sah dan berkesan untuk pensyarah dan meneroka kesannya terhadap
pembelajaran pelajar. Kerangka Pembelajaran Berasaskan Masalah Gamifikasi
Persuasif (PG-PBL) telah dibangunkan dengan menggunakan strategi yang terbukti
secara empirikal daripada dua tinjauan skop, yang meneroka tingkah laku
pembelajaran pelajar yang berkesan dan unsur gamifikasi persuasif dalam persekitaran
pembelajaran kolaboratif. Elemen yang dikenal pasti telah digabungkan ke dalam
pendekatan PBL 7 langkah Maastricht yang menghasilkan 7 langkah PG-PBL dengan
dua langkah tambahan iaitu “step prep” dan “step add”. Kajian pengesahan kandungan,

proses respon, dan kesahan struktur dalamannya dinilai dalam beberapa siri kajian
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kesahan yang melibatkan lapan pakar pendidikan perubatan dan 12 tutor PBL.
Keberkesanan PG-PBL dikaji dalam satu kajian percubaan rawak terkawal yang
melibatkan 27 pelajar dari universiti perubatan awam di Malaysia, di mana PG-PBL
dibandingkan dengan model PBL atas talian yang menggunakan 7 langkah Maastricht.
Kesan PG-PBL terhadap beban kognitif pelajar, tahap penglibatan pelajar, dan
perolehan ilmu telah dikaji. Pengalaman mereka menghadiri sesi PBL tersebut juga
diterokai dalam beberapa sesi perbincangan berfokus secara berkumpulan. Tidak
terdapat perbezaan yang signifikan antara perbezaan kumpulan bagi tiga konstruk
beban kognitif, walaupun skor pembelajaran intrinsik dan persepsi kendiri
pembelajaran didapati lebih tinggi dalam kumpulan PG-PBL. Di samping itu, PG-PBL
mempunyai impak yang besar dalam mengurangkan beban kognitif extraneous pelajar
dan impak yang sederhana terhadap persepsi kendiri pembelajaran pelajar, di mana
pendekatan ini melibatkan pelajar untuk menumpukan sumber mental yang penting
untuk membentuk hubungan mental dan skema maklumat yang dipelajari. Tambahan
pula, kumpulan PG-PBL mempamerkan penglibatan kognitif dan emosi yang lebih
besar berbanding dengan kumpulan kawalan. Namun, perubahannya tidak ketara. PG-
PBL diperhatikan mempengaruhi penglibatan kognitif pelajar secara sederhana, yang
mana faktor ini boleh mempengaruhi pemahaman pelajar tentang kandungan PBL.
Kumpulan PG-PBL mengatasi kumpulan kawalan dalam pemerolehan ilmu, walaupun
mereka mempunyai ilmu asas yang sama. Analisis kualitatif mengenal pasti empat
kategori yang mencerminkan pengalaman pelajar selepas menghadiri sesi PBL iaitu
ciri-ciri sesi PBL yang dapat menarik minat penglibatan pelajar, faedah pembelajaran
yang diperolehi hasil dari sesi tersebut, faktor yang menyumbang kepada pengunduran
diri pelajar dari terlibat dalam sesi PBL tersebut, dan cadangan untuk meningkatkan

penglibatan pelajar dalam sesi PBL. Sungguhpun hasil kajian kerangka PG-PBL
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menghasilkan dapatan yang positif, isu kebolehlaksanaan telah diutarakan oleh para
pensyarah dimana mereka mencadangkan agar versi akhir garis panduan PG-PBL
menekankan supaya pelajar dapat membiasakan diri dengan kerangka PG-PBL
tersebut. Usaha ini diharap dapat memperkasakan pemilikan dalam pembelajran
pelajar supaya mereka dapat mengambil tnaggungjawab terhadap pendidikan mereka,
memupuk pemikiran kritis dalam penyelesaian masalah, dan menggalakkan kerjasama

serta memupuk sikap kerja berpasukan.
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THE DEVELOPMENT, VALIDATION AND EVALUATION OF
PERSUASIVE GAMIFICATION PROBLEM-BASED LEARNING IN

MEDICAL CURRICULUM

ABSTRACT

Problem-based learning (PBL) is a learner-centred approach that encourages
students to acquire and apply knowledge and skills for lifelong learning. However,
engaging students to learning activities in PBL can be challenging due to its
complexity and the interplay of various variables. Persuasive gamification has
emerged as an effective method in higher education, whereby game design elements
has been used to enhance engagement and stimulate learning behaviours. Therefore,
incorporating game design elements in the design of PBL instruction could be an
effective way to engage students with the learning activities. This study aims to
develop a valid and effective persuasive gamification PBL guideline for tutors and
explore its impact on students learning. The Persuasive Gamification-Problem-based
Learning (PG-PBL) framework was developed by utilising empirically proven
strategies from two scoping reviews that explored effective learning behaviours and
persuasive gamification elements in collaborative learning environment. The
identified elements were incorporated into the Maastricht 7-step PBL approach which
resulted in the PG-PBL 7-step with two additional steps—step prep and step add. The
content, response process, and internal structure validity of PG-PBL were evaluated in
several series of validity studies involving eight content experts and 12 PBL tutors.
The effectiveness of the PG-PBL was investigated in a randomised controlled trial
involving 27 participants from one public medical school in Malaysia, whereby PG-

PBL was compared with the online PBL that utilised Maastricht 7-steps method. The
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impact of the PG-PBL on students’ cognitive load, engagement scores, and knowledge
acquisition were investigated and their experience attending the PBL session were
explored in several focus group discussions. There are no significant between group
difference of the three constructs of cognitive load, despite higher intrinsic and self-
perceived learning scores in PG-PBL group. In addition, The PG-PBL has large impact
on reducing students’ extraneous load and moderate impact on self-perceived learning,
whereby this approach engaged students to devote significant mental resources to form
mental connections and schemata of the learned information. Furthermore, they
exhibited greater cognitive and emotional engagement as compared to the control
group, however the changes were not significant. The PG-PBL was observed to
moderately affect students' cognitive engagement, which could have influenced the
students understanding of the PBL content. The PG-PBL group outperformed the
control group in knowledge acquisition, despite similar baseline knowledge.
Qualitative analysis identified four categories reflecting student experiences which
include characteristics of engaging PBL sessions, the benefits associated with such
sessions, the factors that contribute to disengagement, and suggestions for enhancing
engagement in PBL sessions. While the framework yielded positive outcomes,
feasibility issues were addressed by the faculty members. Therefore, the researcher
suggests a final version of the guideline, emphasising students' familiarity with the
PG-PBL framework. This effort empowers students to take ownership of their
education, fosters critical thinking and problem-solving, and promotes collaboration

and teamwork.
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CHAPTER 1

INTRODUCTION

1.1 Introduction
This chapter elaborates the research background, problem statement, research
questions, significance of research, research objectives, research questions, research

hypotheses and operational definitions related to this study.

1.2 Background of the research

Problem-based learning (PBL) is an educational approach that was introduced
by the McMaster Medical University in 1965 to address the content-driven nature of
preclinical subjects, which were lack of clinical application (Barrows, 1996). This new
method had prompted the change of the medical curriculum from a traditional lecture-
based to an integrated student-centred PBL-based approaches (Barrows & Tamblyn,
1980). The PBL pedagogy is a systematic approach that utilises authentic real case
scenarios as a context for students’ learning (Taylor & Miflin, 2008; Bai et al., 2023).
In PBL, tutor serves as a facilitator to guide a group of students during the learning
process, whereby the students are required to solve problems through collaborative
group discussion (Rakhudu, 2015; Hmelo-Silver et al., 2019). The ability of students to
identify gaps in their knowledge and acquire new skills to bridge the gap is important

in the PBL process (Radcliffe & Kumar, 2017; Rotgans & Schmidt, 2019).

PBL has been implemented in a wide variety of undergraduate and graduate
degree programmes, including medicine (Doherty et al., 2018), nursing (Choi et al.,
2014), science (Pepper, 2009), engineering (Van Barneveld & Strobel, 2009),
architecture (Banerjee & Graaff, 1996), law (Wijnen et al., 2017a), economics (Harun

et al., 2012), and business (Smith, 2005). In addition, PBL also has been adopted in



primary and secondary education programmes (Wilder, 2015; Siew & Mapeala, 2016;
Li & Stylianides, 2018). Despite a wide range of PBL practice in different disciplines,
each discipline contains three common important elements in the PBL conduct: (1) a
problem as the catalyst for learning, (2) a tutor as the learning facilitator , and (3) a
dynamic group as the stimulus for collaborative learning (Dolmans et al., 2005). All the
three elements must be presented for the students to create a positive PBL environment

and foster a problem-solving learning experience.

In medical education setting, PBL utilises clinical case problems as the context
for students to attain knowledge on the basic medical and clinical sciences. One of the
commonly used models is the Maastricht 7-step method (Schmidt, 1983; Wood, 2003;
Servant-Miklos, 2019a), which consists of identifying unfamiliar terms, defining the
problem, brainstorming the problem, analyse and structure the results of the
brainstorming session, formulate learning issues, perform self-study and discuss the
findings. Using the aforementioned 7-step method, the students are trained to use the
clinical reasoning skills in the problem-solving process, identify important and relevant
learning needs for their self-study, and subsequently apply the newly gained knowledge
to solve the given problem. The learning outcomes of this approach are considered
achieved when the students manage to propose a solution to the problem (Barrows,

1985).

To ensure a successful PBL session, students are required to be actively engaged
in PBL session, in which it requires the student to participate willingly in the proposed
learning activities through teamwork and collaborative learning (Garcia & Roblin,
2008; Saqr & Ldpez-Pernas, 2023). In addition, the PBL itself is designed to stimulate
student involvement by enabling them to develop a more autonomous and responsible

attitude towards learning, as well as self-awareness towards student-directed learning



activities (Schmidt et al., 2009; Leary et al., 2019). Cognitive, emotional, and physical
engagement, collectively termed academic engagement, constitute a multifaceted
construct (Fredricks et al., 2004; Collie et al., 2016; Graham et al., 2023). Within this
construct, cognitive engagement explores the psychological dimensions of learning,
physical engagement encapsulates the actions taken during the learning process, and
emotional engagement refers to the emotional attachment to peers, teachers, and the
overall learning environment (Fredricks et al., 2004; Collie et al., 2016; Graham et al.,
2023). Hence, studies have shown that academic engagement among allied health
science students have a positive correlation with student academic achievement
(Casuso-Holgado et al., 2013; Wong, 2013; Green et al., 2018; Khaze et al., 2020; Muca
et al., 2023; Sagr et al., 2023). In addition, Carini and colleagues (2006) revealed that
academic engagement managed to transform low ability student to achieve better
academic achievement and perform better on critical thinking tests as compared to their
classmates and even their seniors. Furthermore, Almulla (2019) reported that active
engagement, encompassing activities such as knowledge sharing, information
dissemination, and discussions, significantly contributes to enhanced academic

achievement among students.

Cognitive, emotional, and physical engagement play essential roles in students'
learning processes as they are positively associated with knowledge acquisition (Feroz
et al., 2022). This connection is particularly vital as the acquisition of knowledge is
regarded as the most important aspect of students' achievement, performance, and
learning in higher education institutes (Feroz et al., 2022). Aligned with constructivist
principles, PBL underscores knowledge acquisition as an internally guided process
within a social context (Schmidt et al., 2019). This perspective posits that knowledge is

gained through a socially mediated process as students assimilate new concepts based



on the synthesis of current and prior knowledge and experiences (Schmidt et al., 2019).
Therefore, successful acquisition is measured by the extent to which students can
immediately recall information based on predetermined learning objectives that
required them to understand and apply specific concepts and principles to real-world
conditions, extending beyond rote memory (Hidayati et al., 2020). This outcome reflects
the ability of students to internalise and configure the knowledge in their minds for easy

recall in the future (Hidayati et al., 2020).

Nevertheless, an area that is sometimes disregarded but holds significant
importance in the instructional design is the cognitive load (Bentley, 2020) as it plays a
crucial role in redesigning gamification strategies, specifically within the context of
PBL sessions, where students need to engage in complex problem-solving activities
within designated time constraints (Klepsch & Seufert, 2020). According to cognitive
load theory (CLT), students can only process a limited amount of information in
working memory at a time (Sweller, 1988, 2020). Thus, surpassing the working-
memory limit restricts the information processing capacity for problem-solving
activities, as these complex cognitive skills demand sufficient memory space and
cognitive resources to perform (De Jong, 2010; Sweller et al., 2019). In addition,
learning activities that exceed these cognitive limits impede the learning process (De
Jong, 2010; Sweller et al., 2019). Therefore, strategies aimed at managing and
optimising the allocation of cognitive resources—by reducing extraneous load and
fostering self-perceived learning—are pivotal in determining the effectiveness of
instructional learning strategies (Sweller et al., 1998; Van Merriénboer & Sweller,
2010; Chen, 2016; Sweller, 2020). Hence, addressing extraneous cognitive load is
crucial to optimise the learning experience within PBL, as learners grappling with the

complexities of ill-structured problems can benefit significantly from instructional



designs that reduce unnecessary cognitive burden such as the presentation of irrelevant
or unnecessary information within the task or activity (Delahunty, Seery, Lynch, &

Lane, 2014; Ninaus, Kiili, Wood, Moeller, & Kober, 2020).

The socio-cultural factors has a substantial impact on how students interact with
educational activities and participate in learning environments (Frambach et al., 2012;
Ogan et al., 2015; Li et al., 2020; Roux, 2022). In PBL context, socio-cultural factors
play a crucial role in shaping how students engage and it has been challenged repeatedly
by scholar due to its Western origins (Bleakley et al., 2008; Frambach et al., 2012;
Frambach et al., 2019). For instances, feelings of uncertainty about the independence
required in self-directed learning, a focus on tradition that impedes the uptake of a new
approach to learning, a dependence on hierarchical sources rather than oneself or one’s
peers, and pressure to achieve rather than intrinsic motivation to learn pose challenges
for students from both East Asia and the Middle East as compared to the Western
Europe students (Frambach et al., 2012). In addition, non-Western students also refrain
from active participation in discussions, which includes reluctance to speak up, ask
questions, and challenge others (Frambach et al., 2014). Furthermore, study in one of
the local Malaysian university discovered that socio-cultural issues may exacerbate the
challenges associated with PBL implementation, particularly in the critical thinking
aspect—students’ hesitancy to engage in open and honest discussions on sensitive
issues, avoidance of difficult topics, reluctance to offend or challenge prevailing views,
perception of futility in offering differing opinions, and discouragement of questioning
issues related to race and religion—contribute to discussions that occasionally remain
at a surface level (Joseph Jeyaraj & Wald, 2020). These cultural factors contribute to

variations in students' discussion behaviours and skills across different cultural



backgrounds, complicating the straightforward transfer of PBL to such cultural contexts

(Frambach et al., 2012, 2014, 2019; Joseph Jeyaraj & Wald, 2020).

Over the past decade, gamification—the use of game design elements in a non-
game context have been the topic of interest to researchers in various fields particularly
in formal education settings (Caponetto et al., 2014; Dicheva et al., 2015; Dicheva et
al., 2020). The popularity of gamification was primarily due to its function to motivate
and enhance engagement with its game design elements to stimulate particular user
behaviours (Chang & Wei, 2016; Poondej & Lerdpornkulrat, 2016; Khaleel et al.,
2020). In a landscape review of gamification in medical education, McCoy et al. (2016)
have gathered evidence that by incorporating game elements, it has the potential to
promote active learning, increase student engagement, allow risk-free clinical decision
making, and enhanced collaboration in medical education setting. Furthermore, in a
time-constrained medical curriculum settings, gamification have been proven to be
useful methods to improve retention of knowledge among medical students (Nevin et
al., 2014). Moreover, in the context of collaborative problem-solving, gamification
emerges as a powerful tool in educational innovation as it facilitates cross-cultural
activities to alleviate fear among students while enhancing engagement, collaboration,
motivation, and students’ academic performance (AlSaad & Durugbo, 2021). In
addition, despite cultural variances and language barriers, the incorporation of game
elements such as randomness and rewards in collaborative learning activities has proven
transformative (Titus & Ng’ambi, 2023). These game elements not only facilitated the
reshaping of existing practices but also fostered the creation of new approaches in
solving problems, resulting in a notable increase in productivity level as the game
elements allowed for the adaptation of actions that enable learners to gradually build

confidence over time (Titus & Ng’ambi, 2023). Furthermore, a study revealed that most



students expressed a preference for specific gamification features such as receiving
points through interactions with peers from diverse cultural backgrounds when
engaging in specific activity, such as sending messages, participating in video chats,
and sharing documents to increase group collaboration, as opposed to earning points
solely for playing games (Zhang et al., 2017). Moreover, in a collaborative learning
environment where students may have little or no experience working in a culturally
diverse team, prompt feedback facilitated by a notification system is crucial for
enhancing user engagement, awareness, communication efficiency, and overall

satisfaction within the multicultural learning environment (Lau et al., 2019).

The fundamental premise of this study is that there is a correlation between the
quality of instructional design and the outcomes achieved by learners (Sweller et al,,
2011; Andrade et al., 2015; Jung et al., 2019). One of the key factors in instructional
design is to validate the extent to which learning is personalised to individual learners'
needs and learning environment, as opposed to learning that is based on a one-size-fits-
all model (Bray & McClaskey, 2015; Huh & Reigeluth, 2017; Bingham, 2019). By
considering these elements, instructional designers can create more engaging and
meaningful learning experiences, encouraging inclusiveness and cultivating an
environment that is more favourable to learning (Li et al., 2020; Roux, 2022). Hence,
this study assumes that effective learning behaviour driven by persuasive gamification
elements, specifically tailored for collaborative learning in a PBL context, contributes
to the enhancement of learner achievement outcomes. Based on that premise, this study
aims to identify evidence-based persuasive gamification elements that could promote
students’ engagement and achievement of learning outcomes in PBL context. These
elements were explored from two scoping reviews related to students’ effective learning

behaviour in PBL, and persuasive gamification strategies in PBL. Subsequently, the



elements were used in the development of persuasive gamification PBL (PG-PBL)
framework that serves as a guideline for tutors to conduct an engaging PBL session.
The present work was conducted in three phases: Phase 1 involved the development of
PG-PBL framework, Phase 2 involved the validation of the PG-PBL framework, and
Phase 3 involved a pilot study that evaluated effectiveness of PG-PBL framework in
promoting students’ learning, whereby the PG-PBL framework was compared with the

online PBL that utilise Maastricht 7-step framework in a randomised controlled trial.

The Coronavirus disease 2019 (COVID-19) pandemic, originating in Wuhan,
China, in late 2019, rapidly spread worldwide, prompting global social distancing
measures in 2020 (Kumar et al., 2021). These measures, including lockdowns in
countries like Malaysia, led to the closure of non-essential sectors, including education,
due to the virus's primarily close-contact transmission (Kumar et al., 2021; Roslan et
al., 2021). In this study, the intervention phase encountered challenges due to COVID-
19 security measures. With all students off-campus as a direct consequence of the
pandemic, the necessity to conduct sessions online rather than face-to-face significantly
affected students' commitment to online PBL sessions and the implementation of PG-
PBL sessions. Despite students' familiarity with online PBL sessions, sustaining
commitment proved challenging, given that all students were off-campus, and the study
was conducted on weekends outside formal academic sessions. For instance, students
working from home faced competing priorities, such as personal responsibilities and
potential family obligations, hindering their focus on the research task. To address these
challenges, retention strategies, including weekly reminders with clear deadlines,

highlighting the study's benefits, and reinforcing incentives, were implemented.

While the initial plan focused on implementing PG-PBL in face-to-face

sessions, utilising interactive questioning techniques, turn-taking mechanisms,



interactive learning tools like Padlet for schematic mapping, and gamification elements
such as manual point systems and leaderboards that would be projected in the PBL
session, either using a projector or individual students' laptops or phones, the study's
scope was not limited to this format. In addition, acknowledging the need for flexibility
and adaptability in instructional design, the study also considered the integration of role-
play as one of the interactive presentation strategies, particularly in face-to-face PG-
PBL session. Furthermore, with the growing significance of online education, especially
in response to the COVID-19 pandemic, the study explored how these interactive and
gamification strategies could be effectively translated to online PG-PBL environments

to ensure continuity and effectiveness across different modes of instruction.

1.3 Problem statement

Despite the popularity of PBL in higher education setting, it is argued that the
effectiveness of PBL varies depending how it is being implemented (Dolmans et al.,
2005; Azer et al., 2013; Servant-Miklos et al., 2019; Mabley et al., 2020). Indeed, there
are several systematic reviews and meta-analyses performed to gather evidence of
effectiveness of PBL method (Norman & Schmidt, 1992; Albanese & Mitchell, 1993;
Berkson, 1993; Colliver, 2000; Newman, 2003; Neville, 2009; Manuaba et al., 2022;
Alreshidi & Alreshidi, 2023; Sharma et al., 2023). These secondary studies examined
the impact of PBL on various aspects of students’ learning outcomes, such as knowledge
acquisition, self-directed learning, problem solving abilities, group dynamic, and soft
skills. Nevertheless, the results from these reviews were inconclusive (Norman &
Schmidt, 1992; Albanese & Mitchell, 1993; Berkson, 1993; Colliver, 2000; Newman,
2003; Neville, 2009; Manuaba et al., 2022; Alreshidi & Alreshidi, 2023; Sharma et al.,

2023).



Besides that, having a good group dynamic is a pertinent factor in a PBL session
(Edmunds & Brown, 2010; Hammar Chiriac et al., 2021). A poor group dynamic
discourages students to actively engage in problem solving activities in PBL (Hendry
et al., 2003; Hung, 2011; Azer et al., 2013; Oo et al., 2020; Tang et al., 2020). For
examples, having student who is dominating the group discussion prevents other
students to contribute and to learn at their own pace (Hendry et al., 2003; Oo et al.,
2020). A dominant student occasionally intimidates other students in the group. As a
result, other students especially the quiet one would feel bad about themselves and may
perceive that they are not benefiting from the PBL session (Hendry et al., 2003; Oo et
al., 2020). In addition, students who are passive during PBL sessions may not be well-
prepared in the subsequent PBL session, and subsequently may impose more pressure
to other group as they may need to cover more learning issues independently (Dolmans
etal., 1998; Hendry et al., 2003; Tang et al., 2020). Consequently, some learning issues
might be missed or overlooked (Hendry et al., 2003). Besides that, passive students
might feel compelled to keep quiet, especially when they perceived their idea is being
rejected by the group members (Dolmans et al., 1998). Henceforth, they might stop

trying and end up with frustration and resentment (Skinner et al., 2016).

When students begin to deviate from specific steps of PBL approach, it produces
negative effect to their learning process and outcomes. For example, students
occasionally skip the brainstorming and elaboration steps to cut short their case
discussion, or automatically convert any predefined problems into learning issues
(Moust et al., 2005; Mabley et al., 2020). Dolmans et al., (2005) reported that despite
the use of prior knowledge during the discussion, students had difficulty to apply this
knowledge within the context of the discussed problem, which indeed a crucial step in

the problem-solving process. This situation would result in failure to restructure and
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integrate the knowledge that they have acquired during the learning process (Moust et

al., 2005; Mabley et al., 2020).

Besides that Dolmans et al. (2013) discovered that when the brainstorming and
elaboration process failed to take place, the students generated vague learning issues
that could not demarcate the content that should be studied during the self-study. As a
result, the students were unable to connect the information gathered by their peers
during the discussion sessions as they had deliberately studied different issues (Azer et

al., 2013; Mabley et al., 2020).

On the other hand, having a good and clear learning issues does not necessarily
guide the students on to how much time required for them to learn these topics during
self-revision (Dolmans et al., 1994; Phage et al., 2023). Study have shown that despite
having a list of relevant learning issues, they still prepared minimally for the next PBL
session. In this situation, the students may have read the learning material but they do
not master the subject matter (van den Hurk et al., 1999). Furthermore, many students
tend to utilise the same learning resources as their peers while doing self-revision on
the assigned learning issues (Moust et al., 2005). Hence, the input shared among
themselves during the knowledge sharing session of PBL would be similar and
redundant. Besides that, students tend to read aloud their own notes because they were
unable to confidently apply their knowledge to the problem being discussed. These
situations have hindered knowledge restructuring process in PBL because the students
were unable to collect enough facts about the particular topic during the self-study

period (Moust et al., 2005).

All the aforementioned problems could lead to declining students’ engagement

and motivation to learn during the PBL session. Hence, it is crucial to modify the PBL
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session process to capture students’ motivation and engagement. The PG-PBL
framework incorporated into PBL session is seen as a potential solution to address these

challenges.

1.4 Significance of the research

This study developed a PG-PBL framework and provides empirical evidence of
the effectiveness of this framework. Based on the PG-PBL framework, several solutions
were proposed to the current PBL practice to overcome the problems of PBL approach
that utilise the Maastricht 7-steps method. The PG-PBL framework serves as a guideline
for tutor in conducting an interactive PBL session via utilisation of gamify elements.
Besides, the PG-PBL framework is useful for instructional design and professional
development courses as PBL is a common instructional method in higher education
setting. The implementation of PG-PBL framework, which is more systematic and
engaging compared to the online PBL approach that utilise the Maastricht 7-steps
method, would allow the formation of good group dynamic during the discussion, and
facilitate students in managing their time during the discussion and self-revision. The
format of PG-PBL requires every student to interact with their peers rather than to
passively learned during the session. Indeed, the PG-PBL framework ensures students
to receive a real-time feedback, which is occasionally practiced in the traditional PBL
setting (Winning et al., 2005; Shamsan & Syed, 2009; Darungan et al., 2016; Almulhem
& Almulhem, 2022). Indeed, PG-PBL is a promising approach to enhance teamwork

skills, problem solving skills, communication skills and self-regulated learning.

Ever since its inception, evidence of effectiveness of PBL method has been
inconclusive (Hendry et al., 2003; Moust et al., 2005; Hendry et al., 2006; Wells et al.,

2009; Hung, 2011; Azer et al., 2013; Hung et al., 2019; Hallinger, 2021). The
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effectiveness of PBL is largely dependent on how the learning process is conducted and
implemented (Azer, 2005; Azer et al., 2013; Hung et al., 2019). Hence, a PBL session
should be flexible and dynamic through utilisation of information technology (IT) and
gamify elements as to meet the needs of the curriculum that align with the Industrial

Revolution 4.0 (IR 4.0).

In response to evolving educational landscapes and the advent of diverse
instructional modalities, this study emphasises the versatility of the PG-PBL framework
in accommodating both face-to-face and online environments. The integration of
gamification elements—ranging from interactive questioning techniques and turn-
taking mechanisms to schematic mapping tools like Padlet and dynamic scoring
systems—enriches the PBL experience across these varied settings. For face-to-face
sessions, such gamified strategies, which can be projected in the PBL sessions using a
projector or displayed on individual students' laptops or phones, leverage the physical
co-presence of participants. This fosters immediate interaction and engagement by
utilising tangible resources and live feedback to stimulate learning. Conversely, online
implementations adapt these gamification strategies to digital platforms, enabling
broader collaboration and resource accessibility. Furthermore, this shift not only
addresses logistical constraints, such as those imposed by the COVID-19 pandemic but
also capitalises on the unique opportunities of virtual environments to enhance learner
engagement through flexible and innovative engagement strategies. Hence,
understanding and leveraging the distinct advantages of each setting are crucial for the
effective application of the PG-PBL framework, ensuring that it remains a robust and

adaptable tool for modern educational challenges.

13



14.1 Research questions

The research questions are written according to the study phases.

1.4.1(a) Phase 1: The design and development of the PG-PBL framework

1. What are the elements of the PG-PBL framework?

1.4.1(b) Phase 2: Validation of the PG-PBL framework

2. What are the content validity evidence of the PG-PBL framework?
3. What are the response process validity evidence of the PG-PBL framework?
4. What are the experts’ and users’ level of agreement towards the PG-PBL

framework?

1.4.1(c) Phase 3: Evaluation of the effectiveness of PG-PBL session

5. What is the difference of the students’ intrinsic load, extraneous load, and self-
perceived learning scores between control and intervention groups?

6. What is the difference of the students’ emotional, physical, and cognitive
engagement scores between control and intervention groups?

7. What is the difference of the students’ pre-PBL and post-PBL test scores
between control and intervention groups?

8. What are the changes of the students’ test score within the study groups?

9. How do the students experience learning through the PG-PBL session?

1.5  General objective
To design and develop a PG-PBL framework that is effective for students’

learning.
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Specific objective

1.5.1(a) Phase 1: The design and development of the PG-PBL framework

1.

To identify effective learning behaviours and persuasive gamification elements
in PBL.

To design a PG-PBL framework based on the identified effective learning
behaviours and persuasive gamification elements in PBL.

To develop an instructional guideline of the PG-PBL framework.

1.5.1(b)  Phase 2: Validation of the PG-PBL framework

4.

To investigate the content validity of the PG-PBL framework by evaluating the
relevancy of PG-PBL strategies to its principles.

To investigate the response process validity of PG-PBL framework by
evaluating the intelligibility and applicability of its principles and strategies.
To examine the internal structure of PG-PBL framework by measuring the

degree of agreement among content experts and potential framework users.

1.5.1(c)  Phase 3: Evaluation of the effectiveness of PG-PBL session

7.

10.

To investigate the effects of the PG-PBL session on the students’ cognitive load
with regards to intrinsic load, extraneous load, and self-perceived learning.

To investigate the effects of the PG-PBL session on the students’ learning
engagement with regards to emotional, physical, and cognitive engagements.
To investigate the effects of the PG-PBL session on the students’ test
performance score.

To explore students learning experience after attending the PG-PBL session.

15



1.6 Research hypotheses

The hypotheses are categorised based on the study phases and limited only for
the quantitative variables of this study. Since Phase 1 involved with the development of
the PG-PBL framework, there is no hypothesis formulated for this phase. In Phase 2,
the formulated hypotheses reflect the expected validity indices of the PG-PBL
framework, evaluated during the validation study, where the hypotheses were not
subjected to statistical analysis. Hypotheses for Phase 3 were used for hypothesis testing
and align with Research Objectives 7, 8, and 9, and are formulated as alternative
hypotheses, including hypothesis 10 for baseline knowledge. Given that this study
controlled for factors influencing students’ baseline knowledge, it is anticipated that
there will be no significant difference in students’ baseline knowledge. Therefore,

alternative hypothesis 10 resembles the null hypothesis.

1.6.1 Phase 1: Development phase

1. No hypothesis generated because this is the development stage.

16.2 Phase 2: Validation phase

2. Hypothesis 1 (for Objective 4): The content validity indices of the PG-PBL
framework are more than 0.78.

3. Hypothesis 2 (for Objective 5): The response process validity indices of the PG-
PBL framework are more than 0.8.

4. Hypothesis 3 (for Objective 6): The internal structure of the PG-PBL framework

is good with intraclass correlation coefficient of more than 0.8.

1.6.3 Phase 3: Intervention phase

The alternative hypothesis 10 resembles the null hypothesis.
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1.7

10.

11.

12.

13.

Hypothesis 4 (For objective 7): The group's intrinsic load score for the
intervention is lower than the control group.

Hypothesis 5 (For objective 7): The group's extraneous load score for the
intervention is lower than the control group.

Hypothesis 6 (For objective 7): The group's self-perceived learning score for the
intervention is higher than the control group.

Hypothesis 7 (For objective 8): The group's emotional engagement score for the
intervention is higher than the control group.

Hypothesis 8 (For objective 8): The group's physical engagement score for the
intervention is higher than the control group.

Hypothesis 9 (For objective 8): The group's cognitive engagement score for the
intervention is higher than the control group.

Hypothesis 10 (For Objective 9): There is no significant difference of baseline
knowledge between the control and intervention groups.

Hypothesis 11 (For objective 9): The group's post-PBL test score for the
intervention is higher than the control group.

Hypothesis 12 (For objective 9): The group's change of test score within group

for the intervention is higher than the control group.

Operational definition

Persuasive gamification elements: This term refers to gamification elements
identified through evidence-based synthesis method that have been to yield
positive learning outcomes, with the goal of reinforcing, changing, or shaping
behaviour in non-game contexts (Ghani et al., 2022). In this study, the results of
the evidence-based synthesis method lead to the incorporation of game elements

such as challenge, competition, constant feedback, and rewards through
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activities like rating understanding with rubrics, tracking progress on
leaderboards, and using interactive learning platforms for showcasing
understanding, receiving feedback, and facilitating collaborative interactions
with peers. These persuasive gamification elements were utilised to develop the
PG-PBL framework, aiming to reinforce effective learning behaviour in PBL.
Effective learning behaviour in PBL: This term refers to any learning
behaviour that is related to PBL instruction and has been shown to successfully
attain the desired learning outcomes (i.e., cognitive, skill, or affective)—either
quantitatively or qualitatively—in any intervention conducted in higher
education institutions (Ghani et al., 2021).

Control group (Online PBL): This term refers to the control group that
employed traditional PBL instructional strategies in a synchronous online PBL
setting. In this context, it challenges students to develop their learning skills by
working cooperatively in groups to seek solutions to real-world problems in an
online learning environment (Nicolaou & Petrou, 2023).

Intervention group (PG-PBL): This term designates the intervention group
that employed PG-PBL instructional strategies in a synchronous online PBL
setting. Within this setting, students learning skills and collaborative work in
groups are enhanced using the persuasive gamification elements to address real-
world problems in an online collaborative learning environment (Ghani et al.,
2022).

. Validation of the PG-PBL framework: This term refers to validity studies
conducted to examine the degree of agreement among content experts on the
relevancy of PG-PBL items to the PG-PBL principles (Polit et al., 2007; Y usoff,

2019a), the clarity of language and instruction to interpret the items in the PG-
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PBL framework among PBL facilitators (Polit & Beck, 2006; Yusoff, 2019b)
and the inter-rater agreement among experts on construct of the PG-PBL
framework (Koo & Li, 2016).

Student engagement: This term refers to the time and energy that students
devote for educational activities inside and outside the classroom, and adhere to
the institutional policies and practice that encourage students to take part in these
activities (Kuh, 2003; Carini et al., 2006). In this study, three types of
engagements were measured, which are emotional, physical, and cognitive
engagement.

Emotional engagement: This term refers to the affective dimension of learning,
which involves students’ investment of emotions in learning activities, namely
self-regulation and commitment to the mastery of learning (Fredricks et al.,
2004). Furthermore, emotional engagement comprises of student interest to
learn and their belonging experience within the PBL group (Fredricks et al.,
2004). In this study, emotional engagement is reflected by students’ feeling
towards: (1) attending a PBL session, (2) the content learn within the PBL
sessions, and (3) PBL assignments.

Physical engagement: This dimension of engagement entails active
participation and involvement of students in PBL group that tutors instantly
recognise. Hence, physical engagement comprises of students effort and
persistence during learning activities (Meyer & Turner, 2002). In this study,
physical engagement is reflected by students’ effort in putting energy towards
PBL sessions and completing the assignment in the PBL sessions.

Cognitive engagement: This dimension of engagement entails students’

psychological state of willingness to take on the learning task at hand, which
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10.

11.

12.

includes the amount of effort students are willing to invest in their working
memory as to ensure that they could truly understand the learned content (Corno
& Mandinach, 1983), and persist studying over a long period of time
(Richardson & Newby, 2006). In this study, cognitive engagement is reflected
by students’ willing to invest their working memory to focus on discussion, pay
attention, and be immerse in the PBL sessions.

Cognitive load: This term refers to the demands imposed by a learning situation
such as learning materials and learning activities on a learner’s working
memory. It also refer to the intensity of cognitive activity required to achieve
specific learning objective within limited time frame (Kalyuga & Singh, 2016).
Intrinsic load and extraneous load add up to overall cognitive load (Sweller et
al, 2019). In this study, three types of cognitive loads were measured, which are
intrinsic load, extraneous load, and self-perceived learning.

Intrinsic load: This cognitive load dimension is imposed by the complex nature
or difficulty of the instructional content. Learning materials which contain high
elements of interaction imposed high intrinsic load and is often perceived to be
difficult by learners. (De Jong, 2010). Besides that, intrinsic load is influenced
by the learner’s prior knowledge. Learner with prior knowledge on the learned
content experience lower intrinsic load and perceives the instruction to be less
difficult compared to those without prior knowledge (Kalyuga, 2011).
Extraneous load: This cognitive load dimension hampers learning as it does
not contributes to essential cognitive processing (Van Gog et al., 2004). This
load is imposed by unnecessary or unrelated input, which can be perceived as
distraction. (Sweller, 1994). It is also the avoidable load that results from

suboptimal materials and activities (Kalyuga, 2011).
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13.

14.

Self-perceived learning: The self-perceived learning is a cognitive load domain
that is also known as germane load. This load refers to learners’ extra efforts
using mental resources to acquire and construct a schema for long-term memory
(Sweller, 1994). Hence, this load is important to enhance learning ability
because it is the result of learners’ abstractions and elaboration process (Gerjets
& Scheiter, 2003).

Knowledge acquisition: This term refers to obtaining information from
external sources (Ogu & Adekunle, 2013). Successful acquisition is measured
by the amount of information the student able to immediately recall based on
predetermined learning objectives (Ammons, 1956; Ogu & Adekunle, 2013). In
this study, knowledge acquisition was evaluated through a pre- and post-PBL
test score—as these variables involve in information processing, storage and

retrieval (Ammons, 1956).
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter presents a comprehensive literature review on PBL, persuasive
gamification in PBL, and the outcomes of learning that were evaluated in this study. It
is divided into six main sections: PBL, gamification, validation, cognitive load theory,
engagement, and knowledge acquisition in PBL and gamified environments. The first
part of the chapter provides an overview of PBL, encompassing its definition, inception,
evolution, and its concept as a student-centred approach. It also elaborates how PBL
aligns with constructivist instructional design principles and describes the traditional
seven-step process of PBL, as adopted by Maastricht University. The second part of the
chapter describes gamification and its application in education, particularly in the
context of PBL. It then delves into the importance of persuasive design, which is an
essential element for successful gamification. The third part of the chapter delves into
validity in education, discussing various sources of validity evidence for assessment in
the educational context. The fourth part of the chapter focuses on cognitive load theory,
elucidating the different types of cognitive load that could be experienced by learners
during learning process. This section also sheds light on how understanding cognitive
load theory can inform the design of effective instructional strategies. The fifth part of
the chapter elaborates on student engagement, which comprises physical, emotional,
and cognitive dimensions. It examines the factors that contribute to learning
engagement and highlights its significance in facilitating effective learning experiences.
The sixth part of the chapter delves into knowledge acquisition in the context of PBL.
It explores the processes and mechanisms through which students acquire knowledge

within the PBL framework, emphasising the role of gamification in enhancing

22



knowledge acquisition outcomes. Finally, the conceptual framework is elaborated in the

final subheading of this chapter.

2.2 Problem-based learning

PBL is an instructional approach that emphasises the use of real-world problems
to promote active learning (Mumtaz & Latif, 2017), critical thinking (Zabit, 2010), and
problem-solving skills (Smith, 1995). PBL has been used in various educational
settings, including medical education (Neville, 2009), engineering education (Dahms,
2014), law education (Wijnen et al., 2017b), social studies education (Hughes et al.,
1998), science education (Akcay, 2009), business education (Zabit, 2010), and
economic education (Roche Carioti, 2020). The central idea of PBL is that learners are
presented with a problem or scenario that reflects a real-world situation to promote
discussion and work collaboratively to plan out their work toward a solution (Henry et
al., 2012). Hence, PBL is often designed to be student-centred, where students take
ownership of their learning and are responsible for identifying their own learning needs
(Ghaemi & Potvin, 2020). In medical education, PBL uses patients as the context of the
problem to help students learn basic sciences and clinical knowledge as they engage in
small group discussions organised around complex clinical situations that simulate real -

life scenarios, with the tutor acting as a facilitator (Barrows, 1983; Wood, 2003).

2.2.1 History of problem-based learning

The preliminary concept of PBL can be traced back to the works of a renowned
American educational philosopher John Dewey, who introduced the Harvard case
method that was implemented at Harvard Business School from the 1920s onward
(Fraser, 1931). Dewey believed that learning is an experiential process that connects

with a person's lived experience, often referred to as "learning by doing,” and that it
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should be triggered by a “problem,” which is defined as an unclear situation or
phenomenon that needs an explanation (Dewey, 1933). The Harvard case method
inspired by Dewey, which is commonly used in business and law schools, shares some
similarities with PBL in terms of its focus on problem-solving and critical thinking. This
concept became the foundation of PBL, which emphasises the use of real-world
problems to facilitate learning, which involved small groups of students under the
guidance of a teacher or tutor (Servant-Miklos et al., 2019). However, the approach of
the two methods is different, whereby the Harvard case method requires the students to
prepare selected readings before attending the group discussion; while PBL involves
students working in small groups to approach and solve new real-world problems fresh
and unprepared, with nothing but their prior knowledge to tackle what was at hand
(Fraser, 1931; Servant-Miklos, 2019c).

The modern version of PBL, began in the 1960s at McMaster University
Medical School in Hamilton, Ontario, Canada (Barrows, 1996; Servant-Miklos et al.,
2019). The development of PBL at McMaster University was a response to the
limitations of traditional lecture-based teaching methods, particularly in medical
education, where the traditional lecture approach at that time was criticised for being
too passive, emphasising memorisation of fragmented biomedical knowledge, and
hindering students’ ability to apply their knowledge practically, which, in turn, may
have contributed to unsatisfactory clinical performance (Barrows & Tamblyn, 1980;
Spaulding & Cochran, 1991; Barrows, 1996). As a result, medical students at McMaster
needed help applying their knowledge to real-world patient cases because they were left
feeling disenchanted and bored with their medical education (Spaulding & Cochran,
1991). In contrast, during their residency, medical students were excited to work with

patients and solve problems, highlighting the need for a more hands-on approach to
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