TABLE OF CONTENTS

APPROVAL SHEET ...t [
TABLE OF CONTENTS ...ttt I
TABLE OF FIGURES......c.oooiiieeeeeeee et 0\
LIST OF TABLES ...ttt %
APPEND X LIST .ottt et Vi
CHAPTER | INTRODUCTION. .....coiiitieieeieeeeeest et 1
1.1 Background of the Problem.............cccieiiiiiiiiiiiiieiecieceeee e 1
1.2 Problem IdentifiCation ..........coeevuerierienienienieieeiesiceeeeeee e 5
1.3 SCOPE ettt ettt ettt et e et e et e et eeeabeeenanes 5
1.4 Problem Limitation.........ccccccuviiiiiieeiiiie ettt evee e evee e eavee e 5
1.5 Problem FOrmulation...........cc.oeeciieiiiriiiiieciee e 6
1.6 Research ODJECHIVES .....cccueriiriieiiriiiieieecieeeet et 7
1.7 Benefits 0f ReSEArch.........cccuovuieiiiiiiiiiieeieeeee e 7
CHAPTER Il LITERATURE REVIEW. .......ooooiiiieieeeeeeeeeeeeee e 9
2.1 DEVEIOPIMENL ...ceeuiviiiiiieeiiie ettt ettt et e et e e st e e sseeesabeeesnseeenes 9
2.1.1 Research and Development ............cceecviieriieeiiie e 9
2.1.2 Development Research Models..........cccouveviiieiiiieiiieeieeeieeeee e 10

2.2 Project Based Learning Model (PjBL) .......cccooiiiiiiiiiiieeeeee 13
2.2.1 Definition of PJBL Model ..........cccveiiiiiiiiiiiiieieeeeeeece e 13
2.2.2 Characteristic of PJBL Model .........cccoeviieiiiiiiiieeiieieceeeeee e 15
2.2.3 Syntax of PJBL Model .......cccoooiiiiiiiieiiieieee e 15
2.2.4 Assessment of PJBL Model ..........cccooiiiiniiniiiiniiicieeceeee 16
2.2.5 Advantages and Limitations of PJBL Model ..........c.ccccceviniininninnne 18

2.3 LAVEWOTKSNEET .....eiiniiieiiieiie et et 19
2.4 Temperature and Heat ...........cccoooiiieiiiiiiiieeeeeecee e 27
2.4.1 TEMPETATUTE.....ecevieeeiieeeiieeeieeesieeesiteeesteeeseaeeeeaeeeaaeeessaeesnseeesnseeennneens 27
2.4.2 Expansions (Thermal EXpansion)..........cccceeecveeevieeniieeenieeeieeeiee e 31
243 HEAL ..ottt sttt s 39

2.5 Student WOrksheet ..........ocueiiiiiiiiiieiecee e 44
2.5.1 Definition of Student Worksheet ...........cccoccoeiiiniiiiiiniieeeeee 44
2.5.2 Benefits and the advantage of Student Worksheet ............cccceeeveennne. 44
2.5.3 Conditions for Making Student Worksheets .........c.ccocevveviieniieeninnnnns 44

2.6 Learning OULCOIMES ......cccveeeriieeriieeeiiieeeieieeeieeesseeesseeesseeesseeessseeessseeessees 45
2.6.1 Definition Learning OUtCOMES ........ccceeevuierireiiienieeiienieeiee e eiee s 45
2.6.2 Factors Affecting Learning OUtCOMES .........ccceevveeiiienieeiienieeieeniieans 46

2.7 Framework of Thinking.........c.cccccuveeiiiiiiiieeieeciecee e 47
CHAPTER 111 RESEARCH METHOD .......c.oooiiiiiieeeeeeeeee e 49
3.1 Location and Time of Research.............cooceiiiiniiiiiiniiiiiieeceeee 49
3.1.1 Research LOCAtioN ........ccoueriirieniiiieniieieeieseeeicee et 49
3.1.2 Research TIme.......cocuevueeiiiriiniieiieieeeeeee e 49

viii



3.2 Type Of RESCAICH......eoiuiieiiiiiieiiece e 49

3.3 Population and Sample........c.cooviriiiiieiiie e 49
3.3.1 POPUIALION ..ottt 49
3.3.2 SAMPILE oot e e e e eennree s 50

3.4 Research Design and Variables...........coceevieriiinieeiiieniecieceeceeee e 50
3.4.1 ReSearch DESIZN.....cc.ceviiiriiieiieiieiieeieeete ettt 50
3.4.2 Research Variables........cc.ooouevieriiiiiieniieieneeeieeeeeee e 50

3.5 Operational Definition.........c.cccccuieeiiiieiiie e 50

3.6 Data Collection TeChNIQUE ........c.ceevviieriiieciie e 51

3.7 Research INStrument ...........couieiiiiiieiiiinieeee e 52
3.7.1 Expert validation qUESHIONNAITE ...........cccveerueerieeniienieerieeeeeenieeneeeneeens 53
3.7.2 Student Learning Outcome Test Instrument ............cccccceeeveenienveenennne. 58

3.8 Research Procedure ............coocuevieiiiiiinieiieieeecesee e 58

3.9 Data ANALYSIS ..eeeueieiieiiieiieeiee ettt ettt s eeas 62

CHAPTER IV RESULTS AND DISCUSSION .....ccoooieiieieeieieeeeieeeeie e 66

4.1 Research ReSUILS......cc.ieiiiiiiiiiieiee e 66
4.1.1 ANALYSIS SAZE....oiciiiiiiieiieeieeieeeie ettt ettt e ebeesaaeesbeesnaeensaes 66
4.1.2 DESIZN STAZE ..eevveeurieeiiieiieeiieeieeeieesiee ettt esteeebeesaeesseessaeenseesaseesseessseenseas 68
4.1.3 Development StAZE ........cocveruiriirieririenierieeieeie ettt 73
4.1.4 Implementation STAZE ........ccceevuiriiriiiiniireeieet et 78
4.1.5 Evaluation Stage ........ccccceveeririirieniiienitceceet et 80

4.2 DIISCUSSION. .c.uuteuiteiieeittenite et ettt et et e bt eeat e e bt e sat e e bt e s bt e sbeesabeesbeeeabeesseesaeeas 80
4.2.1 ANALYSIS STAZE....eeeeviieiiieeeiie ettt estee et e e rte e et eeeaae e e areeesaeesaeeesnneeeennes 80
4.2.2 DESIZN STAZE ..ouveeeeiiiieiiieecieeeeieeertee et eerae e e ere e e taeeeeaeesbaeesnaeeeesaeeeennes 82
4.2.3 Development StAZE ........coverueriirienirienterieeie ettt 83
4.2.4 Implementation STAZE ........ccceevuerieriiienierieeieetere et 84
4.2.5 Evaluation Stage ........cccccveiririirieniiicntceeeetee e 84

4.3 Researcher LImitations .........ceeveeiiierieiiiieiieeiieneeiee et 85

CHAPTER V CLOSING ...ttt 86
5.1 CONCIUSION ...ttt ettt s e s eas 86
5.2 SUZEGESTION ..ttt ettt ettt e st e et e st e et e s ateebeesaseenseeenee 86

BIBLIOGRAPHY ...ttt et 88

X



TABLE OF FIGURES

Paae
Figure 2.1 Liveworksheets menu display .........ccccoecvveeiiieeiiiieeciieeeeeeeeee e 20
Figure 2.2 Register menu diSplay ........ccceeeeeuieeiiiiieiiieeciee e 21
Figure 2.3 Fill in Liveworksheets account data ...........ccccoceveeniiieniencinienienenne, 21
Figure 2.4 Response after TeZISter......coueruiriirieriieieriierieee e 21
Figure 2.5 Activate Liveworksheets account............ccoccvveeviieeciieeiieecieeeiee e 22
Figure 2.6 Liveworksheets account iS aCtive .........ccceeevveeeiieeecieecieecieeeee e 22
Figure 2.7 Login menu on Liveworksheets ..........ccccecevveeiiieeiiieciiieeeeeee e 22
Figure 2.8 Liveworksheets main Mmenu.........c.cceceevierienieriienieneeienienceieseeseeee 23
Figure 2.9 Liveworksheets creation Menu.............coeveveeieneenieenienienieniesceneenes 23
Figure 2.10 PDF file upload menu...........ccocevieriiiiinieniiiecieeeeeeeee e 23
Figure 2.11 Worksheet display after uploading..........cccccoceeveeiiniiniincnicncenenne. 24
Figure 2.12 Editing menu display after worksheet is upload............cccccoeerieeneenne. 24
Figure 2.13 Editing results successful..........cccooiiiiiiiiiiiiiie e 24
Figure 2.14 Worksheet data ...........cocovieiiriiinieiieeeeeeee e 25
Figure 2.15 Worksheet has been saved.........cococeeiiieniniinienieicceceeeeeen 25
Figure 2.16 My WOTKSHEES........covuiiiiiieiiiieniieceeeeee s 25
Figure 2.17 Student Worksheet has been saved in My worksheets........................ 26
Figure 2.18 Menu for editing Worksheet............ccocooiiiniiiiiiniieee 26
Figure 2.19 Editing Sheet ..........ocoiiiiiiiiiiiee e 27
Figure 2.20 Changes in shape in Water .........c.cceveevierieneriienieeeieeeene e 28
Figure 2.21 Analog thermometer and digital thermometer..............ccccceoeriieniees 31
Figure 2.22 Comparison of thermometer temperature scales ..........c.ccceeceerveennnne 32
Figure 2.23 Thermal expansion joints on bridges...........coceeveevuerieneencrieneenennne. 32
Figure 2.24 Long expansion in SOIAS .......ccceevueriiriiniiiiniineeeeicseceeceeeee 34
Figure 2.25 Extensive expansion of solids..........ccecevirviriininiinicniinciicncceeee, 35
Figure 2.26 Bimetallic chip and expanded bimetallic chip.........ccccooceniiiiiniin. 39
Figure 2.27 The process of changing the state of matter ............ccoccoeveniininnes 39
Figure 3.1 Stages of ADDIE Model Development............cccceevieeniiniieenicnieennens 59
Figure 3.2 Development steps in the ADDIE model ..........cccooeviiniininiininnennne. 60
Figure 4.1 Cover of WOorkSheet..........coceviiniiiiiiiniiieeen 70
Figure 4.2 Contents of WOTKSheet ...........ccoceeviiiiiniiniiiiniiiccceeccceeeen 71



LIST OF TABLES

Paae
Table 2.1 The syntax of the PJBL model ..........c.ccocooeiiiniieiiiniieeeceeeeee 15
Table 2.2 The types of thermoOmEters.........cccueevcviieriieeiiie e 28
Table 2.3 Coefficients of linear expansion of some solids ..........ccceccvveevierirennennne. 33
Table 2.4 Specific heat of SOME SUDLANCES ......ccueevviieiieriieiieie e 43
Table 3.1 Learning Tool Evaluation Criteria According to BNSP........................ 53
Table 3.2 Questionnaire Grid for Material EXpert.........cccoecveviieviiencieeniienireieene, 54
Table 3.3 Questionnaire Grid for Language and Learning Expert ...........c..c.c..... 55
Table 3.4 Questionnaire Grid for Design EXpert ........ccccocveveevinicniincnicnecnenne. 56
Table 3.5 Educator Response Questionnaire Grid..........ccceccvevvieviienieenieneeeneenne. 56
Table 3.6 Student Response Questionnaire Grid .........cccceeveevieeiienieeiienieeeene 57
Table 3.7 Student Learning Results Test Grid..........cccevvieeiiieniieiienieeiiecieeeene 58
Table 3.8 Expert Validation Questionnaire Likert Scale .........c..cccevevvviiirirenennne. 62
Table 3.9 The Expert Questionnaire Criteria.........ceevveereeriieenieeriierieeieeseeeneeees 63
Table 3.10 Likert Scale of Educator and Student Responses ...........c.ccccveevrenneenee. 64
Table 3.11 Educator and Student Responses Criteria..........coeeveeveerveriieeneeeneenes 65
Table 3.12 N-Gain Value CateZOories ........cccuevuerieriereriieniirieeieereneeneeieeseesveennes 65
Table 4.1 Results of the Analysis of Students’ Needs ........ccccceeeeercieeiienieeneenne. 66
Table 4.2 Results of the Analysis of Students’ Characteristics ...........cccceeeenuenee. 67
Table 4.3 Results of the Analysis of Educators’ Needs........cccceevvveercieenciveennnenn. 68
Table 4.4 Material Expert Revision Results ..........ccccooeviieiiieeiiieeiiieeieeeeeeen 73
Table 4.5 Material Expert Validation Results .........c..ccccvvieniiiiniiniincnicnicene, 74
Table 4.6 Language and Learning Expert Revision Results ..........cccccccvvvevveennnenn. 75
Table 4.7 Language and Learning Expert Validation Results .............cccccoceeneeee. 75
Table 4.8 Design Expert Revision Results .........cccccveeviiiiiiieeiiieeieecieeeeeeen 77
Table 4.9 Design Expert Validation Results ..........c.ccooovvviiiiieiiieiiiieeeeeeeeen 77
Table 4.10 Results of Student ReSponses .........cccoceevervieriinenieniicnecncricneceenen 78
Table 4.11 Results of Science Teacher ..........ccooeeviiiiiiiiniiiiiicee 79
Table 4.12 Results of Pre-Test and Post-Test .........ccccceevieiiiiiniieiienieeieeieeeee 80
Table 4.13 Calculation Results of N-Gain ........cccceceeviriieriineniinieniecnieneeeeen 80

x1



APPENDIX LIST

Paae
Appendix 1 Teaching Modul ..........cccvieiiiiiiiieiiieeeeee e 96
Appendix 2 Grid of Learning Outcomes Test QUestions..........ccceeeevveeecvreerveens 106
Appendix 3 Learning Outcomes Test QUESHIONS ........cccevveervierieeiiierieeieenieennenn 111
Appendix 4 Assessment RUDTIC .......c.cooviiiiiiiiiiiieiiciie e 117
Appendix 5 Student WOrksheet ...........ccccvvreiiieeiiiieiieeeeeeeee e 121
Appendix 6 Results of Analysis of Students’ Needs Sheet ...........ccccvevecvveeenennes 133
Appendix 7 Results of Analysis of Students’ Characteristics Sheet.................... 134
Appendix 8 Results of Analysis of Educator Needs Sheet...........ccccecvvevviennnnnen. 135
Appendix 9 Results of Material Expert Validation Sheet.............cccceevvevriennennen. 137
Appendix 10 Results of Language and Learning Expert Validation Sheet ......... 140
Appendix 11 Results of Design Expert Validation Sheet.............cccooceeiinnnen. 143
Appendix 12 Results of Student Responses Sheet...........ccoeoeeviiiiiiniiiiinnienen. 146
Appendix 13 Student Responses Answer Sheet .........cccooceeviiiiiiiieniiienieneee, 148
Appendix 14 Results of Educator Responses Sheet ..........cceevvieevieniienieenneenen. 150
Appendix 15 Results of Pre-Test and Post-Test Students............ccceeevvevreennnennen. 152
Appendix 16 Pre-Test and Post-Test Students Answer Sheet ...........ccocevveennnnnen. 153
Appendix 17 N-Gain Calculation Results for students of class VII-5................. 158
Appendix 18 Documentation of Research .............cccccoeeviiieiiiiiciiicieceeeee, 159

Xii



