
 
 

Gamified Flipped Classrooms in Mozambican Programming Courses 

 

 

 

 

Von der Pädagogischen Hochschule Heidelberg 

zur Erlangung des Grades eines  

Doktors der Philosophie (Dr. phil.) 

genehmigte Dissertation von 

 

Célio Barbosa Sengo 

aus 

Maputo ï Mozambique 

2023 

 

 

 

 

 

 

  



 
 

Erstgutachter: Prof. Dr. Christian Spannagel, Pädagogische Hochschule Heidelberg 

Zweitgutachter: Prof. Dr. Félix Singo, Universidade Licungo, Mosambik 

Fach: Informatik 

Tag der Mündlichen Prüfung: 15. Dezember 2023 

  



 
 

 

Chapter I ï INTRODUCTION ..................................................................................... 1 

1.1. Teaching programming subjects at UP-Maputo ............................................... 2 

1.2. Motivation for research..................................................................................... 4 

1.2.1. Institutional ................................................................................................. 4 

1.2.2. Personal..................................................................................................... 4 

Chapter II ï THEORETICAL FRAMEWORK .............................................................. 5 

2.1 Constructivism .................................................................................................. 5 

2.1.1. teaching and learning in constructivism ..................................................... 7 

2.1.2 ï Constructivism in the Internet era ............................................................ 9 

2.2 The cognitive apprenticeship model ................................................................ 10 

2.2.1. Traditional apprenticeship ........................................................................ 10 

2.2.2. Cognitive apprenticeship.......................................................................... 11 

2.2.3. Vygotskyôs Zone of Proximal Development (ZPD) ................................... 13 

2.3. Bloomôs taxonomy .......................................................................................... 14 

2.3.1 The Revised Bloomôs Taxonomy .............................................................. 15 

2.3.2. Changes in Structure ............................................................................... 17 

2.4 Self-Determination Theory (SDT) .................................................................... 19 

2.4.1. Intrinsic and extrinsic motivation .............................................................. 20 

2.4.2. The basic psychological needs ................................................................ 21 

2.4.3. SDT mini-theories .................................................................................... 23 

2.4.4. Enhancing motivation in learning ............................................................. 25 

2.4.5. Motivation for online learning ................................................................... 27 

2.5. Flipped Classroom ......................................................................................... 31 

2.5.1. FC Model ................................................................................................. 34 

2.5.2. Benefits of FC .......................................................................................... 37 

2.5.3. Limitations and possible solutions ........................................................... 39 



 
 

2.5.4. Bringing FC with other concepts .............................................................. 41 

2.5.5. Virtual Flipped Classroom ........................................................................ 48 

2.6. Gamification ................................................................................................... 54 

2.6.1. Gamification Elements ............................................................................. 55 

2.6.2. Relating Gamification to Self-determination theory (SDT) ....................... 61 

2.6.3. Application of gamification in the learning processes .............................. 65 

2.7. Bringing Flipped Classroom and Gamification together ................................. 74 

2.7.1. Early approaches ..................................................................................... 74 

2.7.2. Latest Approaches ................................................................................... 75 

2.7.3. Impact of GFC on studentôs learning ....................................................... 82 

Chapter III ï COUNTRYôS BACKGROUND ............................................................. 84 

3.1. Mozambique .................................................................................................. 84 

3.2. Higher Education in Mozambique .................................................................. 85 

3.3. From UP to UP-Maputo .................................................................................. 86 

3.4 Flipped classroom and gamification in Mozambique ................................... 87 

Chapter IV OBJECTIVES, RESEARCH QUESTIONS AND HYPOTHESES ........... 88 

4.1. Objectives ...................................................................................................... 88 

4.2. Research Questions:...................................................................................... 88 

4.3. Hypotheses .................................................................................................... 88 

Chapter V METHODOLOGY .................................................................................... 91 

5.1 Research Design ............................................................................................ 91 

5.2 Population/local of study ................................................................................. 93 

5.3 Design-based Research.................................................................................. 93 

5.3.1 DBR implementation ................................................................................. 94 

5.3.2. Stage 1 ï State of Problem, Research Questions and Literature review 

about gamification and flipped classroom: ......................................................... 97 

5.3.3. Stage 2 - Development of Initial gamified flipped classroom learning 

environment: ...................................................................................................... 97 



 
 

5.3.4. Stage 3 - Iterative Cycles ......................................................................... 98 

5.3.5. Iteration 3ôs pilot study ............................................................................. 99 

5.3.6. Stage 4 Final Learning Environment reflection ...................................... 101 

5.4 Literature Review .......................................................................................... 103 

5.5 Observation ................................................................................................... 104 

5.6 Document analysis ........................................................................................ 106 

5.7 Log file analysis ............................................................................................ 107 

5.8 Qualitative and Quantitative methods ........................................................... 108 

5.9 Student perception analysis .......................................................................... 110 

5.9.1 Interviews with students .......................................................................... 110 

5.9.2 Qualitative content analysis .................................................................... 114 

5.10. Iteration 4 ï Learning Environment Pilot Test ............................................ 118 

5.11. Quasi-experiment (Motivation and Learning Outcomes) ............................ 121 

5.11.1 Characteristics of the experimental group............................................. 122 

5.11.2 Duration of the experiment.................................................................... 124 

5.11.3 Distribution of students per group (Night Shift/ Day Shift) ..................... 125 

5.11.4 Gender distribution factor ...................................................................... 125 

5.11.5 The Quasi ï Experiment and non-randomization .................................. 126 

5.11.6. The Bloomôs taxonomy ........................................................................ 129 

5.11.7 Motivation ............................................................................................. 132 

5.11.8 Learning outcomes ............................................................................... 134 

5.11.9. Validity, Reliability and Objectivity ....................................................... 140 

5.11.10. Independent Variables ....................................................................... 148 

5.11.11. Dependent Variables ......................................................................... 148 

5.11.12. Data analysis ..................................................................................... 148 

CHAPTER VI FINDINGS AND DISCUSSION ........................................................ 150 

6.1- Gamified flipped classroom environment design process (DBR) ................. 150 



 
 

6.1.1. Iteration 1 ............................................................................................... 150 

6.1.2. Iteration 2 ............................................................................................... 165 

6.1.3. Iteration 3 ............................................................................................... 190 

6.1.4. Bringing all together (final learning environment/student's perception) .. 220 

6.2. Pilot study of the final learning environment - Iteration 4 ............................. 241 

6.2.1. Flipped classroom model ....................................................................... 243 

6.2.2. Gamification Model ................................................................................ 243 

6.2.3. Student perceptions ............................................................................... 244 

6.3. Motivation and learning outcome regarding day and night classes (quasi-

experiment) ......................................................................................................... 260 

6.3.1. Motivation findings ................................................................................. 260 

6.3.2. Learning outcome analysis .................................................................... 274 

6.4. Critical reflection .......................................................................................... 282 

6.4.1. WhatsApp security issues ...................................................................... 282 

6.4.2. Sample size issues ................................................................................ 282 

6.4.3. Teachersô perception not involved ......................................................... 282 

6.4.4. Low Cronbach ........................................................................................ 283 

6.4.4. GFC learning environment ..................................................................... 283 

6.4.5. No studentôs perception processing in the quasi-experiment ................. 283 

CHAPTER VII. CONCLUSIONS AND FUTURE WORKS ...................................... 284 

REFERENCES ....................................................................................................... 288 

 



 
 

Figures 

 
Figure 1. Constructivism dimensions. .................................................................................... 6 

Figure 2. Vygotskyôs Zone of proximal development ........................................................... 13 

Figure 3. Zone of proximal development ............................................................................. 14 

Figure 4. Revised Bloomôs taxonomy .................................................................................. 15 

Figure 5. Example of how to apply the Taxonomy table. ..................................................... 18 

Figure 6.Amotivation and motivation extremes .................................................................... 20 

Figure 7. Frequency of each psychological need ................................................................ 26 

Figure 8. Three psychological needs in MOOC-based web platform ................................... 27 

Figure 9. WSQ (Watch Summarize Question) model for FC ................................................ 34 

Figure 10. FC proposed model ............................................................................................ 35 

Figure 11. Constructivism dimensions for flipped classroom implementation ...................... 42 

Figure 12. Bloom taxonomy in FC and traditional models ................................................... 47 

Figure 13. VFC variants ...................................................................................................... 49 

Figure 14. FC within synchronous and asynchronous approaches ...................................... 50 

Figure 15. Game mechanics, dynamics and aesthetics ....................................................... 55 

Figure 16. LearningApps.org main home page.................................................................... 66 

Figure 17. Proposed the gamified model for Moodle LMS ................................................... 70 

Figure 18. Gamified web-based platform............................................................................. 73 

Figure 19. FC model proposal for GFC ............................................................................... 76 

Figure 20. A gamified model proposal for GFC ................................................................... 77 

Figure 21. GFC in FC moments .......................................................................................... 80 

Figure 22. The most used gamification elements in GFC .................................................... 80 

Figure 23. Mozambique map ............................................................................................... 84 

Figure 24. Night shift class during programming lecture at UP-Maputo ............................... 90 

Figure 25. Research design ................................................................................................ 92 

Figure 26. DBR guidelines .................................................................................................. 95 

Figure 27. DBR stages ........................................................................................................ 96 

Figure 28.Design-Based Research Cycle ............................................................................ 96 

Figure 29. Initial GFC learning environment ........................................................................ 97 

Figure 30. Computer Science Day shift students having classes in 2020 .......................... 105 

Figure 31. Computer science curriculum plan (2014 ï 2022) ............................................ 107 

Figure 32. Computer Science Time-Table (2019) .............................................................. 107 

Figure 33. Student log file environment in Moodle ............................................................. 108 

Figure 34. Qualitative and quantitative methods used ....................................................... 109 

Figure 35. Audio recordings of focus group interview ........................................................ 112 

Figure 36. Recording transcription in MS Word. ................................................................ 113 

Figure 37. Example of category code relation ................................................................... 115 

Figure 38. Inductive category creation example ................................................................ 116 

Figure 39. Qualitative content analysis in ATLAS.ti ........................................................... 118 

Figure 40. The number of places available for admission in Computer Science in 2018. .. 119 

Figure 41. LMS environment of quasi-experiment ............................................................. 121 

Figure 42. Day shift timetable ............................................................................................ 123 

Figure 43. Night shift timetable .......................................................................................... 123 

Figure 44. Total number of hours for GFC and Traditional Classroom .............................. 125 

Figure 45. Gender distribution ........................................................................................... 126 

Figure 46. Bloom taxonomy dimensions for traditional classroom lecture .......................... 129 

Figure 47. Bloom taxonomy dimensions for GFC lecture .................................................. 130 

Figure 48. Bloom taxonomy combined with FC and WSQ model ...................................... 131 



 
 

Figure 49. 7-point Likert-type IMI ...................................................................................... 133 

Figure 50. IMI subscale constructs .................................................................................... 134 

Figure 51. Example of learning outcomes creation from objectives ................................... 135 

Figure 52. Question creation from outcomes and objectives. ............................................ 136 

Figure 53. Answer correction in MS Excel ......................................................................... 140 

Figure 54. IMI subscales involved in the quasi-experiment after the reliability test ............ 144 

Figure 55. Percentages of answers in phase 1.................................................................. 146 

Figure 56. Moodle learning platform used in iteration 1 ..................................................... 151 

Figure 57. PDF lecture for download ................................................................................. 154 

Figure 58. Lista of Activity 2 tasks ..................................................................................... 155 

Figure 59. Activity access summary .................................................................................. 158 

Figure 60. Negative and positive perception ..................................................................... 161 

Figure 61. Category grouping in ATLAS ti. ........................................................................ 161 

Figure 62. Sub-category about the learning environment .................................................. 162 

Figure 63. Sub-category about the learning platform ......................................................... 162 

Figure 64. Video lecture part 2 .......................................................................................... 170 

Figure 65. Video of static members (part 1) ...................................................................... 171 

Figure 66. Video of static members (part 2). ..................................................................... 172 

Figure 67. Study case description ..................................................................................... 172 

Figure 68. Pointer to the derived class video lecture ......................................................... 173 

Figure 69. Graphic representation of the number of accesses per task ............................. 177 

Figure 70. Detailed graphic representation of the number of accesses per task ................ 178 

Figure 71. Activity summary graphic of iteration 2 ............................................................. 178 

Figure 72. Student's perception on iteration 2 ................................................................... 182 

Figure 73. Category grouping for Qt1 ................................................................................ 183 

Figure 74. Average of positive and negative perception .................................................... 184 

Figure 75. Category grouping for QT2 ............................................................................... 185 

Figure 76. Computer science student's feelings about Internet connection speed at university

 .................................................................................................................................. 191 

Figure 77. Computer science Student's feelings about Internet connection speed at home

 .................................................................................................................................. 192 

Figure 78. Computer science student's habits regarding the Internet ................................ 192 

Figure 79. Other student's feelings about Internet connection speed at university............. 194 

Figure 80. Other student's feelings about Internet connection speed at home ................... 194 

Figure 81. Other student's habits regarding the Internet .................................................... 194 

Figure 82. Proposed FC learning environment for iteration 3 ............................................ 198 

Figure 83. Proposed Gamification learning environment for iteration 3 ............................. 199 

Figure 84. Level 1 activities ............................................................................................... 202 

Figure 85.WhatsApp group interaction .............................................................................. 203 

Figure 86. Level 1 badge .................................................................................................. 203 

Figure 87. Graphic illustrating the number of students per task ......................................... 208 

Figure 88. Average of accesses in each level ................................................................... 208 

Figure 89. Student's perception ......................................................................................... 211 

Figure 90. Graphic representation of negative and positive feedback ............................... 214 

Figure 91. Negative vs positive feedback comparison graphic .......................................... 215 

Figure 92. The total frequency of devices used per student .............................................. 216 

Figure 93. Low-cost strategy proposal .............................................................................. 223 

Figure 94. Basic needs for GFC in the Mozambican context ............................................. 225 

Figure 95. Object-oriented programming curriculum plan at UP-Maputo ........................... 226 

Figure 96. Student classification matrix table .................................................................... 226 

Figure 97. Proposed FC model for Mozambican context ................................................... 229 



 
 

Figure 98. Proposed gamified model for Mozambican context .......................................... 232 

Figure 99. WhatsApp interaction in the GFC environment ................................................. 233 

Figure 100. Moodle mobile interaction in the GFC environment ........................................ 234 

Figure 101. Positive student perception summary in all iterations ..................................... 237 

Figure 102. Student's negative perception of graphic representation in all iterations ......... 238 

Figure 103. Day shift student's perception frequency graphic ........................................... 247 

Figure 104. Day shift student's perception frequency graphic ........................................... 247 

Figure 105. Day shift subcategories relationship with IT_WAS_GOOD category. ............. 248 

Figure 106. Day shift subcategories' relationship with the NOT_GOOD category.............. 249 

Figure 107. Day shift subcategories relationship with IT_WAS_GOOD category. ............. 249 

Figure 108. Graphic representation of positive and negative feedback in the day and night 

shifts. ......................................................................................................................... 251 

Figure 109. Devices used to access online content on the night shift ................................ 251 

Figure 110. Devices used to access online content on the night shift ................................ 252 

Figure 111. Day and night shift graphic representation of activity completion .................... 253 

Figure 112. Graphic representation of day and night shift student's difficulties .................. 254 

Figure 113. The sum of frequencies of student's answers related to the degree of difficulty

 .................................................................................................................................. 254 

Figure 114. Graphic representation of the sum of frequencies of students' answers related to 

the degree of difficulty. ............................................................................................... 255 

Figure 115. Students' responses regarding gamification levels achieved .......................... 256 

Figure 116. Students' responses regarding gamification trophies earned .......................... 256 

Figure 117. Estimated marginal means graphic of Interest/Enjoyment subscale ............... 263 

Figure 118. Estimated marginal means graphic of perceived competence subscale ......... 267 

Figure 119. Estimated marginal means graphic of pressure/tension subscale .................. 270 

Figure 120. Estimated marginal means graphic comparison between perceived competence 

and interest/enjoyment subscales. ............................................................................. 272 

Figure 121. The Means scores grouped by time ............................................................... 277 

Figure 122. The means scores grouped by shift ................................................................ 278 

Figure 123. Estimated marginal means graphic of learning outcomes ............................... 278 

  



 
 

Tables 

Table 1. Constructivism classroom vs constructivist one. ...................................................... 8 

Table 2.Cognitive apprenticeship methods .......................................................................... 12 

Table 3. Bloomôs taxonomy of objectives ............................................................................ 15 

Table 4. Revised Bloomôs taxonomy verbs .......................................................................... 16 

Table 5. Taxonomy table source ......................................................................................... 17 

Table 6. Examples of activities conducted in each psychological need ............................... 25 

Table 7. Intrinsic motivation in online learning. An overview of Martin et al. (2018) and Chiu 

(2021) approaches. ...................................................................................................... 29 

Table 8. Studies that investigated SDT with gamification and flipped classrooms. .............. 30 

Table 9. Active learning strategies ...................................................................................... 36 

Table 10. Benefits and pitfalls of FC .................................................................................... 40 

Table 11. Studies and findings related to motivation in FC .................................................. 44 

Table 12. FC strategy examples for motivating students ..................................................... 46 

Table 13. VFC research findings during COVID-19 ............................................................. 52 

Table 14. List of gamification mechanics and number of publications ................................. 57 

Table 15. List of aesthetics ................................................................................................. 58 

Table 16. The list of other prevalent dynamics .................................................................... 59 

Table 17. Mapping game mechanics and SDT elements .................................................... 63 

Table 18. Other theories that impact gamification. .............................................................. 64 

Table 19. List of some gamification tools ............................................................................. 67 

Table 20. GFC studies and findings .................................................................................... 78 

Table 21. Type of feedback for some game mechanics ...................................................... 81 

Table 22. Studies and findings regarding GFC in learning .................................................. 82 

Table 23. Other GFC studies and variables ........................................................................ 83 

Table 24. List of provinces of Mozambique ......................................................................... 85 

Table 25. Number of students involved in all phases of the study ....................................... 93 

Table 26. Questionnaire questions group organization...................................................... 100 

Table 27. Focus group interview questions ....................................................................... 112 

Table 28. Category grouping in all iterations ..................................................................... 117 

Table 29. Number of students involved in each shift ......................................................... 119 

Table 30. Focus group interview questions ....................................................................... 120 

Table 31. Experiment schedule ......................................................................................... 124 

Table 32. Distribution of students per shift ........................................................................ 125 

Table 33. Distribution of students per shift and gender ...................................................... 126 

Table 34. Course outlines ................................................................................................. 127 

Table 35.  IMI versions and their subscales ...................................................................... 132 

Table 36. IMI 22 item questions ........................................................................................ 133 

Table 37. IMI portuguese translation ................................................................................. 134 

Table 38. Assessments prepared in each phase ............................................................... 136 

Table 39. Competences and objectives ............................................................................ 137 

Table 40. Assessment 3 (example) ................................................................................... 138 

Table 41. Reliability test techniques .................................................................................. 142 

Table 42. Reliability test of IMI subscales .......................................................................... 143 

Table 43. Learning outcome reliability test ........................................................................ 145 

Table 44. Questions and answers in each phase .............................................................. 147 

Table 45. Within-subjects factors ...................................................................................... 148 

Table 46. Between-subjects factors .................................................................................. 148 

Table 47. Within-subjects factors ...................................................................................... 149 

Table 48. Between-subjects factors .................................................................................. 149 



 
 

Table 49. Subject syllabus ................................................................................................ 152 

Table 50. Topics taught through GFC ............................................................................... 153 

Table 51. Activities per level (iteration 1) ........................................................................... 156 

Table 52. Flipped classroom learning environment (iteration 1) ........................................ 157 

Table 53. Number of accesses per task ............................................................................ 158 

Table 54. Student perception category creation in iteration 1 ............................................ 160 

Table 55. Subject syllabus ................................................................................................ 167 

Table 56. Gamified flipped classroom topics ..................................................................... 167 

Table 57. Activities are divided into levels ......................................................................... 174 

Table 58. Flipped classroom environment ......................................................................... 175 

Table 59. Number of accesses per task ............................................................................ 176 

Table 60. Answers and frequencies of student's perceptions ............................................ 180 

Table 61. Negative and positive student perception .......................................................... 184 

Table 62. Category counting about the used platform ....................................................... 186 

Table 63. Category counting about the class session........................................................ 186 

Table 64. Syllabus of OOP subject .................................................................................... 199 

Table 65. GFC topics ........................................................................................................ 200 

Table 66. Badge allocation in each level ........................................................................... 206 

Table 67. Number of students that attended each task ..................................................... 207 

Table 68. Student's perception category setup .................................................................. 209 

Table 69. Negative feedback frequency ............................................................................ 212 

Table 70. Positive feedback frequency .............................................................................. 213 

Table 71. Tabulation between the device and how it was used (finality) ............................ 216 

Table 72. Topics that applied GFC in iterations ................................................................. 227 

Table 73. Summary of student perception in all iterations ................................................. 235 

Table 74. Positive student perception in all iterations ........................................................ 236 

Table 75. Frequencies of each common group of student perception in all iterations ........ 236 

Table 76. Negative student perceptions in all iterations ..................................................... 237 

Table 77. Total frequencies of negative student perception in all iterations ....................... 238 

Table 78. Syllabus of lab III-java subject ........................................................................... 242 

Table 79. Topics that were submitted to the GFC approach .............................................. 242 

Table 80. Flipped classroom model used in the pilot study ............................................... 243 

Table 81. Day shift student's perception of answers and categories ................................. 245 

Table 82. Night shift student's perception of answers and categories................................ 246 

Table 83. Day and night shift comparison ......................................................................... 250 

Table 84. Day and night shift frequencies regarding activity completion ............................ 252 

Table 85. Day and night shift student's difficulties ............................................................. 253 

Table 86. Within-subjects factors (dependent variables) motivation .................................. 260 

Table 87. Between-subjects factors (independent variables) motivation ........................... 260 

Table 88. Motivation descriptive statistics ......................................................................... 261 

Table 89. Sphericity test of interest/enjoyment subscale ................................................... 261 

Table 90. Tests of within-subjects effects ï interest/enjoyment ......................................... 262 

Table 91. Tests of between-subjects effects ..................................................................... 263 

Table 92. Pairwise comparisons of day shift and time ....................................................... 264 

Table 93. Within-subjects factors of perceived competence subscale ............................... 264 

Table 94. Between-subjects factors of perceived competence subscale ........................... 264 

Table 95. Descriptive statistics perceived competence subscale ...................................... 265 

Table 96. Mauchly's test of sphericity of perceived competence subscale ........................ 265 

Table 97. Tests of within-subjects effects of perceived competence subscale .................. 266 

Table 98. Tests of between-subjects effects of perceived competence subscale .............. 267 

Table 99. Within-subjects factors of pressure/tension subscale ........................................ 268 



 
 

Table 100. Descriptive statistics of pressure/tension subscale .......................................... 268 

Table 101. Test of within-subjects effects of pressure/tension subscale ............................ 269 

Table 102. Levene's test of equality of error variances of pressure/tension subscale ........ 269 

Table 103. Descriptive statistics of learning outcomes scores ........................................... 274 

Table 104. Tests of within-subjects effects of learning outcomes scores ........................... 275 

Table 105. Tests of between-subjects effects of learning outcomes scores ...................... 276 

Table 106. Pairwise comparisons - time of learning outcomes scores ............................... 276 

Table 107. Pairwise comparisons - shift of learning outcomes scores ............................... 277 

Table 108. Pairwise comparisons ï time * shift of learning outcomes scores .................... 279 

 

  



 
 

Dedication 

I dedicate this thesis to my mother, Marta, who has done everything to ensure my education 

and training. To my father, Barbosa, my inspiration. To my brothers Dulnério, Euclides and 

Júnior, and finally to my wife, Zerlinda. Without their support, I could not have made it.  



 
 

Acknowledgements  

I am very grateful to all who directly or indirectly contributed to my thesis, service colleagues 

and students of the Pedagogical University of Maputo (UP-Maputo). 

I am also grateful to my supervisor Prof. Dr Christian Spannagel, for his invaluable support 

and teachings. To my co-supervisor, Prof. Dr Félix Singo, who was my inspiration in my 

academic and personal life. 

I also thank the Baden-Württemberg-Stipendium and the UP-Maputo for supporting the 

several trips to Germany for research and presentation of preliminary results. 

I also express my gratitude to the Computer Science degree course students at UP-Maputo, 

classes of the years 2016, 2017, 2018 and 2019, for their engagement and delivery during the 

flipped and gamified classes. 

I also thank my research groups, "Playgroup Heidelberg" at Heidelberg University of Education 

and NUTEE (Nucleus of Emerging Technologies in Education) at UP-Maputo, for their 

contribution to my learning and research program. 

One more special thanks go to Prof. Dr Félix Singo, my mentor from graduation to my PhD 

journey. He was the one who insisted so much that I continued with my studies. 

Finally, I thank again my family, my siblings, and my fifth brother Gabriel Moiane. They have 

supported me so much during my learning journey. 

 

 

 

  



 
 

Abstract 

Learning computer programming has been challenging for students in Mozambique. 

Their context is characterized by limited access to technology and traditionally oriented 

teaching methods. The thesis aimed to design a learning environment that combines 

flipped classroom with gamification in computer science subjects, adapt it to the 

Mozambican context and investigate its effect on motivation and learning outcomes 

regarding day and night shifts. It also aimed to identify the studentsô perceptions of the 

designed learning environment.  

The research design consisted of Design-Based Research (DBR) and a quasi-

experiment.  

Studentsô perceptions were mostly positive, indicating that the gamified flipped 

classroom (GFC) caused a good impression.  

An overall analysis revealed that GFC did not significantly impact studentsô motivation. 

However, a separate analysis indicated that students from the day shift tended to feel 

more motivated than students of the night shift. Both shifts tended to increase their 

sense of competence and interest/enjoyment during GFC, while their sense of 

pressure tended to be almost the same for both groups. 

Regarding learning outcomes, studentsô scores were higher in the traditional course 

than in GFC. Nevertheless, day-shift students tended to have better scores than 

students in the night shift. So, it can be concluded that day students felt more 

motivated and had better outcome scores than the night ones. 

The thesis can be considered a starting point for promoting the change from the 

traditional paradigm to emerging methods and technologies in education in 

underdeveloped countries like Mozambique. GFC can be seen as a possible starting 

point for that change.  

 

Keywords: Flipped Classroom, Gamification, Studentsô perceptions, Motivation, 

Learning outcomes 

 

  



 
 

Zusammenfassung  

Das Erlernen von Computerprogrammierung ist für Studierende in Mosambik eine 

Herausforderung. Ihr Umfeld ist durch einen begrenzten Zugang zu Technologie und 

durch traditionell orientierte Lehrmethoden gekennzeichnet. Ziel dieser Arbeit war es, 

eine Lernumgebung für das Fach Informatik zu entwerfen, die Flipped Classroom mit 

Gamification kombiniert, diese an den mosambikanischen Kontext anzupassen und 

ihre Auswirkungen auf Motivation und Lernergebnisse in Bezug auf Tag- und 

Nachtkurse zu untersuchen. Außerdem sollte ermittelt werden, wie die Studierenden 

die neue Lernumgebung wahrnehmen. 

Das Forschungsdesign bestand aus Design-Based Research (DBR) und einem 

Quasi-Experiment. Die Wahrnehmung der Studierenden war überwiegend positiv, 

was darauf hindeutet, dass der Gamified Flipped Classroom (GFC) einen guten 

Eindruck hinterließ.  

Eine Gesamtanalyse ergab, dass der GFC keinen signifikanten Einfluss auf die 

Motivation der Studierenden hatte. Eine separate Analyse zeigte jedoch, dass sich die 

Studierenden der Tagesschicht tendenziell motivierter fühlten als die der 

Nachtschicht. Beide Gruppen tendierten dazu, ihre Wahrnehmung von Kompetenz 

und von Interesse/Freude während des GFC zu steigern, wohingegen die 

Wahrnehmung von Druck/Belastung bei beiden Schichten fast gleich blieb. 

Was die Lernergebnisse betrifft, so waren die Ergebnisse der Studierenden in der 

traditionell gehaltenen Lehrveranstaltung höher als im GFC. Allerdings schnitten die 

Studierenden der Tagschicht tendenziell besser ab als die der Nachtschicht. 

Insgesamt lässt sich schließen, dass sich die Studierenden der Tagschicht motivierter 

fühlten und bessere Ergebnisse erzielten als die Studierenden der Nachtschicht. 

Die vorliegende Arbeit kann als Ausgangspunkt für die Förderung des Wechsels vom 

traditionellen Paradigma zu neuen Methoden und Technologien in der Bildung in 

unterentwickelten Ländern betrachtet werden. Der GFC kann als ein möglicher 

Ausgangspunkt für diesen Wandel gesehen werden. 

 

Schlüsselwörter: Flipped Classroom, Gamification, Schülerwahrnehmung, Motivation, 

Lernergebnisse 
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Chapter I ï INTRODUCTION 

 

The use of digital technologies for improving the teaching and learning process is 

discussed in many different areas, such as sciences, engineering, and social sciences. 

Flipped classrooms and gamification have been widely used to engage and motivate 

students in subjects which are known to be difficult, like programming. Although some 

researchers combine both methods, no satisfying study shows the effects of both 

methods in Mozambique, a country with limited technological resources. 

The research project aims to study the effects of gamification and flipped classrooms 

on motivation and learning outcomes and verify the studentsô perceptions regarding 

these methods. The research was conducted at Universidade Pedagógica de Maputo 

(UP-Maputo), in Mozambique, in the Faculty of Engineering and Technology (FET) in 

computer science programming subjects. Design-based research was used to 

develop and adapt the gamified flipped classroom environment to the Mozambican 

context. Focus group interviews were used to check the studentsô perceptions. Thus,  

summative learning outcomes assessments and intrinsic motivation tests were 

conducted as part of the quasi-experiment.  

 
According to the Ministry of Science, Technology and Higher Education, there are nine 

public and ten private universities in Mozambique. Nine have computer science 

courses where the subjects related to the ñprogrammingò field are usually taught.  

These programming subjects have registered low marks almost every year. The result 

of this problem is that only a few students choose the programming area in their final 

years, preferring networking instead, and some even drop out of programming 

subjects. Furthermore, there are day and night classes at UP-Maputo, and the results 

of students in the night classes have been even worse because they work during the 

day, resulting in less time to do the homework during the day (Andreoli & Martino, 

2012). Similar results have been mentioned by Vihavainen, Paksula, and Luukkainen 

(2011) and by Thomas, Ratcliffe, Woodbury, and Jarman (2002), who found that the 

number of dropouts is increasing in introductory programming courses. According to 

these authors, the reason is related to the teaching process, which is more traditional. 
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1.1. Teaching programming subjects at UP-Maputo 

At UP-Maputo, the traditional model is still used in programming courses where face-

to-face lectures occur, and students take some assignments, exercises or 

demonstrations to be done at home. In Mozambique, computer science is new for 

many people (compared to other subjects), and students find it challenging to get help 

at home while attempting to solve tasks. Furthermore, take-home exercises may 

stimulate the ñbad habitò of solving a task alone (Vihavainen et al., 2015). Instead, 

students should learn how to solve programming problems collaboratively and help 

one another. Moreover, in Mozambique, programming is only taught at the university 

level, and students find it difficult when they learn it for the first time, decreasing their 

motivation to overcome this drawback. 

Therefore, teaching methods like the cognitive apprenticeship model (Collins, Brown, 

& Newman, 1989), extreme programming (Beck & Fowler, 2001), gamification 

(Deterding, Dixon, Khaled, & Nacke, 2011), and flipped classroom (Lage, Platt, & 

Treglia, 2000) can help to improve programming classes. Furthermore, combinations 

seem fruitful: Wu and Chen (2015) combined mobile education (learning through a 

mobile device) with the Flipped Classroom (FC) in a Java programming course. Mok 

(2014) combined flipped classrooms with pair programming (for in-class activities) in 

a programming course to increase student engagement.  

Spannagel and Spannagel (2013) used lecture games for in-class activities in a flipped 

classroom. So, this combination can also be extended to FC and gamification, leading 

to GFC. This combination has been the subject of study in notable works from 

Matsumoto (2016), Hasan, Kanbul, and Ozdamli (2018), Zamora-Polo, Corrales-

Serrano, Sánchez-Martín, Espejo-Antúnez (2019), Gómez-García, Marín-Marín, 

Romero-Rodríguez, Ramos Navas-Parejo, and Rodríguez Jiménez (2020), Sailer and 

Sailer (2021) and Ng and Lo (2022).  

As programming is a process of sequential steps and procedures, a gamified flipped 

classroom seems to be an adequate method for demonstrating the ñhow toò 

procedures and then letting students work on transfer problems. Concerning the 

cognitive apprenticeship model, the teacher acts as a guide and model at home 

(through videos and game elements) and as a coach in class. 
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According to the United Nations Development Programme (2020), Mozambique is one 

of the poorest countries in the world (ranks in position 170 and belongs to the Low 

Human Development category). As a result, many schools and universities lack 

resources (electricity, internet, chairs, water, food). This fact leads to a situation in 

which teachers still use some very traditional teaching methods.  

Thus, by adapting some teaching techniques like a gamified flipped classroom to the 

actual Mozambican reality, it would be possible to overcome some problems related 

to programming subjects. Nevertheless, the methods must be adapted to the 

Mozambican reality (e.g., bad internet connectivity), and its success may be the 

starting point for its implementation in countries with similar contexts. 

 
The following theories constituted the bases for this study: 

¶ Cognitive Apprenticeship Model: stabilising a new relationship between teacher 

and student, a coaching apprentice (Green, Banas & Perkins, 2017) in an FC 

environment so that the student becomes the owner of the learning (Wallace, 

Walker, Braseby & Sweet, 2014). 

¶ Self-Determination Theory (SDT): Investigating the impact of FC on motivation 

(Persky & McLaughlin, 2017) and the impact of gamification on motivation 

(Kapp,2012; Kam & Umar, 2018) through its psychological needs of autonomy, 

competence and relatedness. 

¶ Constructivism: Transforming the learning process from teacher-centred to 

student-centred through FCôs active and cooperative learning and self-directed 

learning so that students take the lead (Illie, 2019; Xu & Shi, 2018).   

¶ Bloomôs Taxonomy: By shifting cognitive domain levels in FC so that low levels 

take place outside the classroom and the highest levels take place inside the 

classroom (Shana & Alwaely, 2021);  

All those theories were combined to give the foundations for GFC, which rely on the 

following: 

¶ Flipped Classroom: Allowing a student to actively learn at his own pace at home 

and collaboratively interact with other students and the teacher inside the 

classroom (Flipped Learning Network [FLN], 2014; Lage et al., 2000; Bishop & 

Verleger, 2013). 

¶ Gamification: Using game elements in an FC learning environment (Deterding, 

et al., 2011; Zichermann & Cunningham, 2011). 
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1.2. Motivation for research 

The motivation for this research project relies on two aspects: institutional and 

personal.  

1.2.1. Institutional 

From the institutional view, UP-Maputo students can choose their area of interest in 

the 3rd year. A few of them (from computer science) chose the programming area 

because of a bad experience. Furthermore, the new UP-Maputo curriculum divides 

students into in-class and independent (outside-class) marks. It can be easily adapted 

to approaches like flipped classrooms. In addition, the author hopes this research will 

change the teaching techniques in Mozambican universities, where most traditional 

methods are used. In Mozambique, the use of FC was stimulated by the COVID-19 

pandemic. Before 2018, no notable studies investigated FC or gamification in 

Mozambique or UP-Maputo. Studies by Chau (2021) and Mura and Simão (2021) 

came up during the COVID-19 pandemic.  

Therefore, universities like UP-Maputo are investing in Information Technology 

infrastructures (better internet connection, computer farms, web service and Wi-Fi 

hotspots), which impulses facilitate the use of new learning and teaching approaches 

like GFC. 

1.2.2. Personal 

From a personal approach, the present research will change how the researcher 

teaches his classes as he is a programming teacher at UP-Maputo. As he has faced 

low learning outcomes and engagement on his subjects, this research will change his 

teaching practices and improve his way of working with students.  

Another aspect moved by the fact that the author is part of the research group NUTEE 

(Nucleo de Tecnologias Inovativas Na Educação), which investigates innovative 

teaching and learning methods like FC, gamification, mobile learning and extreme 

programming. So the findings of this group contributed to the starting point of 

implementing FC and gamification at UP-Maputo, having introduced these methods to 

the academic community. 
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Chapter II ï THEORETICAL FRAMEWORK 

 

The present chapter intends to discuss the most relevant concepts related to this 

thesis. It covers these concepts: Constructivism, Self Determination Theory, Cognitive 

Apprenticeship Model, Bloomôs Taxonomy, Flipped Classroom, Gamification and 

Combining Flipped Classroom and Gamification. 

2.1 Constructivism 

During the early twentieth century, the behaviourist theory was one of the most 

predominant ones in education as a result of the notable works of Pavlov, Watson and 

Skinner. In behaviourist theories, learning is seen as a change of behaviour due to 

training or stimulus (Pritchard & Woollard, 2013). So, by observing the change in the 

behaviour, the educator assumes the student has learned. 

Constructivism brought a new way of thinking about the learning process. On the one 

hand, behaviourist knowledge can be introduced or mapped onto the learner. On the 

other hand, in constructivism, the learner creates meaning based on the surrounding 

world and his own experience (Ertmer & Newby,1993). 

According to Yager (1996), in the traditional teaching approach, the teacher is the 

holder and transmitter of the knowledge, while students are just the passive receivers. 

However, in constructivism, the student is responsible for learning, where learning 

results in a conceptual change. 

Learning is a process in which the learner constructs the meaning of something, where 

two key points are to be considered: First is that the learnerôs target is the learning 

thinking rather than the topic itself. Second, experience is crucial in acquiring 

knowledge (Hein, 2020). Hein argues that in constructivism, the educator himself or 

socially learns during the construction, where learning is seen as the construction of 

the meaning.  

As a result, learning occurs when new knowledge is combined with previous 

experiences, where new ideas may be accepted.  

Similarly, Bada and Olusegun (2015) see learning as a ñmental constructionò in which 

learning is based on the combination of previous knowledge and a new one.   

Adams and Burns (1999) state that every person has a diversity of information 

(images, perceptions, ideas), and if we combine it with new information, it will become 

easy to assimilate. However, if there is no combination between them, the learner will 
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accommodate according to his understanding by accepting it as new information or 

rejecting it. 

So, it is vital to consider the ideas, experiences and perceptions the learner brings and 

combine them with the new concept.   

It challenged teachers to reinvent the ways teaching and learning were viewed.  

Thus, constructivism moved into many dimensions. One of the most prominent ones 

is Cognitive constructivism, by Piaget. Another crucial one is the social constructivism 

from Vygotsky (Schcolnik, Kol & Abarbanel, 2006). 

The following figure (Fig. 1) shows these two approaches: 

 

 

Figure 1. Constructivism dimensions. 
(Kundi and Nawaz, 2010, p.33). 

 

These two dimensions have different views about how the construction of knowledge 

occurs. Piagetôs view is that the construction of knowledge occurs internally through 

discovery. At the same time, Vygotsky understands that the construction happens due 

to external factors (cultural and social) rather than individually (Amineh & Asl, 2015).  

In social constructivism, there is a belief that the learner acquires knowledge by 

socially interacting and speaking with others (Doolittle, 2020). Therefore, social 

context is fundamental for the learning process since it englobes culture. Language is 

also vital in the process, as it provides interaction within the social environment. 

Conversely, cognitive constructivism focuses on the mind, where knowledge results 

from internalising and reconstructing external reality (Doolittle, 2020). As a result, 

learning becomes a process in which the student internally constructs a model related 

to the external or real world (Doolittle, 2020). The two approaches are not separated 
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from each other. However, they complement each other. Piaget did not put the social 

apart from the social interaction, and Vygotsky did not discard the importance of the 

cognitive aspect in the learning process (Schcolnik et al., 2006). 

 

2.1.1. teaching and learning in constructivism 

Constructivism teaching differs from traditional ones, where the whole class is 

straightforward and fully instructional. 

According to Gray (2020) and Bada and Olusegun (2015), in constructivism, the 

teacher is the facilitator of learning, where teaching considers the educatorôs 

experiences in a democratic, interactive and student-centred approach.  

So, Gray (2020) states that in a traditional learning approach, the teacher is the owner 

of the knowledge, and the student receives the new information as if he has an empty 

mind. Conversely, in constructivism, the student is a part of the learning process. He 

is an active learner; he can construct his meaning based on previous experiences 

rather than focus on the teacherôs meaning. The teacherôs challenge is to relate the 

studentôs prior knowledge or experiences to the content to be discussed. 

As a result, the learning process becomes democratic, leading to autonomy and 

freedom of thinking for the student.  

The democratisation of learning will be discussed from two perspectives: curriculum 

and technology. 

Schcolnik et al., 2006 proposed the idea of a generic curriculum. Instead of having a 

set of fixed and rigid contents (the regular one), it lists strategic knowledge to be 

covered. It leaves empty holes filled by the students, who will take responsibility for 

the learning with the tutorôs help. 

Thus, the following example illustrates that constructivism can be materialised in a 

classroom-based approach (Table 1). 
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Table 1. Constructivism classroom vs constructivist one.  

Sample 
Objectives 

Instructivist Classroom Constructivist Classroom 

Dealing with 
factual 
information 

The reading material is usually chosen 
by 
the teacher. 
 
 
 
Questions to accompany the text are 
prepared by the teacher. 
 
 
 
 
 
Main emphasis is on the correct answer 
(Product orientation). 
 
 
 
Assessment is usually straightforward 
and quick, since it only requires 
comparison against an answer key 

Several reading sources or 
choices are given. Students 
choose what to read. 
 
 
Generic questions that can fit a 
variety of texts are provided for 
students to apply to their specific 
texts. 
Student-initiated questions are 
encouraged. 
 
Main emphasis is on the 
strategies 
employed to obtain the answer 
(process 
orientation). 
 
Assessment requires 
familiarisation with multiple texts 
(chosen by the students) and 
assessment of a variety of 
responses, and is therefore time-
consuming 

Comparing 
sources of 
information 

Material to be compared is provided by 
the teacher. 
 
 
Criteria for text comparison are given. 
 
 
Answers are compared against a list of 
desirable responses. 
 
 
The whole instructional process is 
ñfastò, ñpainless,ò and ñefficient.ò 

One of the texts may be given; at 
least one other is chosen by the 
student. 
 
Some criteria for comparison are 
given, but additions are 
encouraged. 
 
There is a whole range of 
possible 
answers, and ñcorrectnessò 
criteria are flexible. 
 
The process takes longer and 
may appear ñless efficientò than 
in the traditional Classroom. 

Identifying 
bias 

Assessment of author bias is given or 
prompted by the teacher, expecting a 
specific ñcorrectò response. 

Assessment of author bias is 
elicited. Elicitation usually takes 
longer than instruction, and 
duration of activity is 
unpredictable. 

(Schcolnik et al., 2006, p.15) 

  



9 
 

A generic curriculum comprises tasks to be done by the students and the teacher, 

focusing on delivering instructions. Thus, a constructivist curriculum is less focused on 

a ñlist of contentsò and more on design tasks that engage students in developing their 

knowledge (Schcolnik et al., 2006) with the teacherôs help.  

In this way, when a student is submitted to minimal control but goal-oriented tasks, 

he/she can generate new knowledge by constructing his models leading to the 

appreciation of those new competencies (Mbarushimana & Kuboja, 2016). So, the 

curriculum is not so much focused on content but on acquiring competencies. Thus, 

in constructivism, the teacher focuses more on discovering meaning in content rather 

than covering content. 

This approach matches todayôs technological reality, as technology allows knowledge 

to be available to everyone, releasing the teacher from being the only source of new 

information but the helper in constructing knowledge from this unlimited data available 

to the student. 

 

2.1.2 ï Constructivism in the Internet era 

These days, the teacherôs information is no longer the only one available. Students 

can complement that information with the one available online or from communication 

with other students through the Internet. Internet applications provide many services: 

Facebook, Blogs, WhatsApp, Tik Tok, Instagram, Skype, Teams, Zoom, Google 

Classroom, and Moodle. 

Those services provide a variety of possibilities for sharing information between 

different people, as they allow the creation, edition and sharing of content between the 

ñknowersò and the others (Bonzo & Parchoma, 2010). In a Blog, an author may publish 

a topic or question, then the others respond by posting back, and so on. Shifting to the 

learning scenario, the tutor or the learner may publish a topic or problem on a social 

media like Facebook then other students collaborate by responding and sharing their 

views about it. It will lead to a student-centred approach in which students can 

construct their understanding through social learning (Bonzo & Parchoma, 2010). A 

similar vision is shared by Mbati (2013), who found that using discussion boards in 

social media stimulates constructivist learning since it facilitates reflection in an online 

learning environment and acts as a motivational element (Mbati, 2013). 

So, this possibility of learning through information connected in a network opens space 

for a new learning approach like George Siemensôs Connectivism, which recognises 
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technology as part of the learning process and the connection of different nodes of 

information as crucial (Siemens, 2005).  

Piaget and Vygotsky opened space for many other variations and types of 

constructivism. Glasersfeldôs Radical Constructivism, and Krausôs Relational 

Constructivism, are some of them. It is also the foundation of other learning 

movements, such as Massive Open Online Courses (MOOC), Distance Education, E-

Learning, and Flipped Classrooms. 

 

2.2 The cognitive apprenticeship model 

Since the beginning of times, knowledge has been transmitted from generation to 

generation by apprenticeship, where the elders show the youngers how to do things 

so that they can do it on their own.  

 So, according to Collins, Brown and Holum (1991), apprenticeship consists of a set 

of visible tasks, but the thinking process is not visible in schooling. For this reason, the 

cognitive apprenticeship model was formulated to make the thinking process visible 

for both teacher and student. 

In this model, students learn by seeing the work and practising through the instructorôs 

supervision. It was the initial idea of the apprenticeship, called ñTraditional 

Apprenticeshipò, which then turned ñCognitive Apprenticeship Modelò. 

 

2.2.1. Traditional apprenticeship 

It refers to two key elements: First is that the student learns by observing, coaching 

and practising, and second is that the social context in which the learning process 

takes place should also be considered (Collins et al., 1988). 

The learning process occurs as the educator (expert) shows the apprentice how to do 

the task. Then the learner gradually tries to execute it until he is comfortable enough 

to do it independently.  

Collins et al. (1991) identified four fundamental aspects of the traditional 

apprenticeship model: modelling, scaffolding, fading and coaching. Modelling happens 

when the learner observes the expert doing the task so that he knows what and how 

to do it. The expert makes the tasks visible to the apprentice. Scaffolding is when the 

expert helps the apprentice perform the tasks by giving him full support (executing the 
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whole task) or providing less support (giving slight hints). Fading consists of gradually 

removing the support given so the apprentice can do the tasks himself. Coaching is 

the entire apprenticeship process in which the expert provides the tasks, helps in 

solving, scaffolding, and gives feedback. 

According to Collins et al. (1991), the right combination of observation, scaffolding and 

a gradual increase of independent work (activities) leads the apprentice to get the 

abilities of self-monitoring, correction and conceptual knowledge, where observation 

is a crucial factor since it helps him in developing the conceptual model.  

The conceptual model is fundamental, first, because by observing, the apprentice can 

organise his ideas about how the task will be executed before doing it (Collins et al., 

1991).  

Learner tends to observe the teacher doing the activity before they can start it, 

especially procedural tasks, in which steps need to be followed. By watching the 

executed steps, the apprentice can have an initial idea about how he will achieve the 

goal. Today, it is possible to access many video lectures on the Internet.  

 

2.2.2. Cognitive apprenticeship 

While in traditional apprenticeship, the tasks to be learnt are easily observable for both 

teacher and student, in cognitive apprenticeship, an additional effort must be made to 

be visible (Collins et al., 1991). So, studentsô tasks, ideas and thoughts must be visible 

to the teacher and vice-versa.   

The other difference is related to the way the tasks come out, as, in cognitive 

apprenticeship, the tasks aim to develop products which can be tangible or touchable 

(Collins et al., 1991).  

When the apprentices see the product to be created, they may feel motivated, 

especially after watching the expert working and finishing it. As a result, they begin to 

know what to be constructed. 

The last difference is that in traditional apprenticeship, the skills acquired depend on 

the task to be executed. Students who need to learn how to repair a computer will be 

given tasks systematically related to it. These skills are to be applied to one specific 

task. As a result, the apprentice cannot apply them to another problem. On the other 

side, cognitive apprenticeship presents to the learner a variety of tasks which will lead 

to a set of skills. These skills can be widely used in different contexts, according to the 

situation in which they are helpful (Collins et al., 1991).  
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While the traditional apprenticeship focuses on modelling, scaffolding, fading and 

coaching, the cognitive apprenticeship extends the activities or stages to modelling, 

coaching, scaffolding, articulation, reflection and exploration.  

The first group of three (modelling, coaching and scaffolding) is the central part of the 

cognitive apprenticeship, as it allows the apprentice to gain the skills by observing the 

expert and practising through the support. The second group (articulation and 

reflection) focus on helping the apprentices gain control in solving the problems where 

observation is still a key factor, and the last one (exploration) relies on the learnerôs 

autonomy in defining and setting the problems to be solved (Ghefaili, 2003). Cognitive 

apprenticeship instructional methods are shown in Table2: 

 

Table 2.Cognitive apprenticeship methods 

Modelling The Master performs a task so students can observe. He has to 

externalise his thoughts while modelling. 

Coaching After observing the expert, the apprentice attempts to execute the tasks 

independently. The role of the teacher is to help him, providing hints, 

feedback, reminders, and a connection between the studentôs context and 

the tasks to give meaning to them.  

Scaffolding Students get scaffolded, he/she perform a part of the task he/she can 

handle, letting the expert complete the remaining part.  

Articulation The apprentice articulates, explains and reproduces the knowledge he 

has learned. The role of the expert is to encourage the apprentice to 

express himself and show his ideas. 

Reflection This stage compares the ideas or techniques used by the apprentice with 

those used by the instructor or other learners. This comparison aims to let 

the learner know the difficulty level he has achieved so that the desired 

competence has been acquired.   

Exploration The apprentice is encouraged to be able to solve the problem on his own 

so that he can be independent in thinking and deciding the right strategies 

and techniques by using the developed skills. It will lead to the apprentice 

the ability to self-studying.   

(Adapted from Ghefaili, 2003) 
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2.2.3. Vygotskyôs Zone of Proximal Development (ZPD) 

According to Ghefaili (2003), there is a strong relationship between the cognitive 

apprenticeship model and Vygotsky's (1987)  theory of development, the Proximal 

Development Zone (ZPD). This theory argues that human development and learning 

process occurs through social interaction with others and ZPD is based on two 

moments: Actual Development and Potential Development. 

The actual development is a stage in which a child can do a task without the assistance 

of a guide or adult. The exact time, Potential Development, on the other hand, consists 

of what he/she can do with assistance or collaboration with others (Vygotsky, 1987).  

 

Figure 2. Vygotskyôs Zone of proximal development 

(Doolittle, 1997, p.6) 

 

As a result, a child develops cognitive knowledge by being involved in tasks with a 

significant amount of help from a guide or tutor. As the child assimilates knowledge, 

the level of assistance reduces until he/she can eventually do it without assistance 

(Doolittle, 1997).  

So, ZPD consists of a middle zone between Actual Development and Potential 

Development, and according to Ghefaili (2003), this is where Cognitive 
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Apprenticeship, as well as other methods, take place. The following figure shows this 

relationship: 

 

Figure 3. Zone of proximal development  
(Ghefaili, 2003, p.5) 

 

In this way, Cognitive Apprenticeship relies on ZPD so students can move from 

Modelling to Exploration.  

2.3. Bloomôs taxonomy 

In 1956 Benjamin Bloom and his team created a framework for categorising the 

learning process, the Taxonomy of Learning Domains: Cognitive, Affective and 

Psychomotor.  

The basic idea is that thinking behaviour can be identified into these three domains: 

the cognitive domain is related to mental skills and knowledge; the affective domain 

refers to feelings or emotions; and the psychomotor is related to physical skills or 

activities (Adesoji, 2018). 

Adesoji (2018) and Hoque (2016) argue that researchers wrongly describe all the 

domains as Bloomôs Taxonomy, while Bloomôs work was more notorious for the 

cognitive and affective domains. The cognitive domain is mainly used to identify 

learning, teaching, and educational outcomes. 

This framework organised the learning skills and objectives into categories (Table 3), 

where each of them is labelled with a gerund (Churches, 2021): 
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Table 3. Bloomôs taxonomy of objectives  

  Higher 

Order 

Thinking 

Skills 

Evaluation 

Synthesis 

Analysis 

Application 

Comprehension Lower 

Order 

Thinking 

Skills 

Knowledge 

 

(Churches, 2021) 

Thus, learning happens continuously from the lowest thinking skill to the highest one. 

Knowledge and Comprehension belong to the lowest level, and Application, Analysis, 

Synthesis and Evaluation belong to the highest level (Bloom, 1956).  

2.3.1 The Revised Bloomôs Taxonomy 

In 2001, a revised version of Bloomôs taxonomy was released due to studies by his 

former student Lorin Anderson (Wilson, 2016). 

The revised one consisted of some arrangements, introducing verbs (see Fig. 4) 

instead of nouns for each category (Anderson et al., 2001).   

 

Figure 4. Revised Bloomôs taxonomy 

(Anderson et al., 2001) 



16 
 

So, knowledge was replaced by remembering, Comprehension was substituted by 

understanding, the application was replaced by applying, analysis was changed to 

analysing, synthesis was replaced by creating, and evaluation was shifted to 

evaluating. The positions have also changed, where creating moved to the top instead 

of evaluating, which moved one level down. 

Bloomôs revised taxonomy identified verbs to be used in each of the levels (Table 4): 

 

Table 4. Revised Bloomôs taxonomy verbs  

 Basic verbs   

Evaluating Checking, hypothesising, criticizing, Experimenting, 

judging, testing, Detecting, Monitoring 

 Higher 

Order 

Thinking 

Skills 

(HOTS) 

Creating designing, constructing, planning, producing, 

inventing, devising, making 

Analysing Comparing, organising, deconstructing, attributing, 

outlining, finding, structuring, integrating 

Applying Implementing, carrying out, using, executing 

Understanding Interpreting, summarising, inferring, paraphrasing, 

classifying, comparing, explaining, exemplifying 

Lower 

Order 

Thinking 

Skills 

(LOTS) 

Remembering Recognising, listing, describing, identifying, 

retrieving, naming, locating, finding 

(Wilson, 2016, p.2-4; Churches, 2021, p. 3). 

¶ Remembering consists of a memory exhibition of the previously learned 

materials (e.g. reciting the variable declaration rules). 

¶ Understanding consists of demonstrating how the fact was understood (e.g. 

explain in your own words the concept of Inheritance). 

¶ Applying consists of solving a task using the acquired knowledge.  

¶ Analysing consists of examining concepts and separating them into parts, 

identifying the causes and making inferences (e.g. Troubleshooting a program). 

¶ Creating consists of different combined information and building new meanings 

or solutions (e.g. Designing a new machine to perform a task). 

¶ Evaluating consists of judging an idea (e.g. Selecting the most effective 

algorithm). 
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2.3.2. Changes in Structure 

The primary motivation for the revised taxonomy was that the original taxonomy had 

limitations in its structure. 

The original Bloomôs Cognitive Taxonomy has a single-dimension structure, leading 

to a one-dimension form. However, the revised Taxonomy provides a separate 

dimension for the knowledge types, the Knowledge Dimension and the Cognitive 

Process Dimension (Forehand, 2010).   

This two-dimensional matrix (Table 5) led to the idea of a connection between the two 

dimensions. Instead of declaring a single dimension of objectives, each objective is an 

application of a cognitive process in a specific type of knowledge (Cannon & Feinstein, 

2014).  

 

Table 5. Taxonomy table source  

The 

Knowledge 

Dimension 

The Cognitive Dimension 

Remember Understand Apply Analyse Evaluate Create 

Factual 

Knowledge 

      

Conceptual 

Knowledge 

      

Procedural 

Knowledge 

      

Meta-

Cognitive 

Knowledge 

      

(Anderson et al., 2001, p. 2). 

 
Considering the objective: ñThe student will learn to apply the use of Object-Oriented 

Programming in Environment Information Systemsò. 

Figure 5 shows how to apply the Taxonomy table in this objective to match the 

Knowledge and Cognitive dimensions. 
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Figure 5. Example of how to apply the Taxonomy table. 
(Anderson & Bloom, 2001) 

 

Looking at the objective (Table 5): the verb applies to the Cognitive Process 

Dimension ñApplyò. The corresponding noun, ñthe use of Object-Oriented 

Programming in Environment Management Information Systemsò, is classified as 

Procedural Knowledge since the ñprogrammingò action refers to a set of steps and 

procedures to be followed. As a result, the objective is placed in the ñApplyò column 

and ñProcedural Knowledgeò row. 

 

According to Anderson et al. (2001), classifying an objective is often tricky because 

one objective may be composed of multiple verbs or nouns, making it difficult to match 

with Taxonomy table dimensions. Second, because a verb or a noun may be 

ambiguous, generating different interpretations for both Cognitive and Knowledge 

dimension classification. Anderson et al. (2001) used the objective ñThe student will 

learn to describe changes in matter and the causes of those changesò, where 

ñdescribeò is ambiguous since it may have different interpretations, since the student 

may describe what he has understood or what he remembered. In such ambiguity, it 

will be necessary to infer which category was intended for the classified objective. 
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Additionally, Anderson et al. (2001) argue that a person may disagree with another 

personôs classification of an objective. However, the recommendation is to consider 

whether there is a difference between a stated objective and a taught one. The most 

important is to consider another source of information, like observations of classroom 

activities, examinations and other tasks, and discuss them with other teachers. It will 

lead to a valid and consensual classification of objectives. 

2.4 Self-Determination Theory (SDT) 

Motivation is related to behaviour which moves someone to do something or 

avoid/stop doing it. Motivation is vital in engaging students to work on a topic or task. 

There are many motivation theories. The SDT (Self Determination Theory; Ryan & 

Deci, 2000) is one of the most accepted. In the same direction, Ryan and Deci (2000) 

describe a motivated person as someone who has the inspiration to act till the end of 

something and an unmotivated person as one who has an opposite mindset. 

 

Motivation ñrefers to the choices people make as to what experiences or goals 

they will approach or avoid and the degree of effort they will exert in that 

respectò (Keller, 1983, p. 389). 

 

Primarily, every task someone performs is based on how motivated he/she is. So, 

motivation is a part of everyoneôs daily life. Ryan and Deci (2000) see motivation from 

two different perspectives: The level and the orientation of motivation. 

 

The level of motivation defines how much motivation is present and the amount felt. 

In some situations, a person feels more motivated to do something than others.  

The orientation of motivation refers to the type of motivation related to what caused 

the action and the why question (Ryan & Deci, 2000).  

 

A student may be motivated to do homework because the given one is interesting for 

him or her, but on the other hand, a student may feel motivated to do it because he/she 

intends to have a good mark. According to Ryan and Deci (2000), motivation in both 

situations is almost identical. However, there will be a difference in the nature and 

focus of motivation.  
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The nature of motivation in which a person does an activity because of interest or 

enjoyment is called intrinsic motivation. A motivation which leads a person to do an 

activity to get outcomes, a reward or avoid a loss is called extrinsic motivation 

(Kusurkar Ten Cate, Van Asperen & Croiset, 2011; Ryan & Deci, 2000). 

 

2.4.1. Intrinsic and extrinsic motivation 

The difference between intrinsic and extrinsic motivation is mainly related to 

autonomous and controlled motivation (Gagné & Deci, 2005). Autonomous motivation 

involves the willingness to do something and the experience of having a choice. 

Intrinsic motivation is an example of autonomous motivation (Gagné & Deci, 2005). 

Extrinsic motivation leads a person to act by doing something because of the 

consequences or benefits that will be obtained.  

So, SDT is seen as a set of two extremes, amotivation (absence of motivation) on one 

side and intrinsic motivation on the other (Kusurkar et al., 2011). Figure 6 illustrates a 

summary of that connection: 

 

 

Figure 6.Amotivation and motivation extremes  
(Ryan and Deci, 2000, p.61) 

 

So, extrinsic motivation is a set of four stages or scenarios: External regulation, 

Introjection, Identification and Integration. 
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External regulation is considered the lowest autonomous form of extrinsic motivation, 

consisting in behaviour that tends to do something to satisfy an obligation or obtain 

gaining/reward that is imposed (Ryan & Deci, 2000). Looking into the learning process, 

it can be a case in which a student studies just because of other peopleôs expectations 

or pressure, without any will to do it (Kusurkar et al., 2011). 

Introjected regulation is when a person realises the importance of doing a task but in 

a controlled manner where the cause is external (Kusurkar et al., 2011). Although 

he/she sees how beneficial the task is, he/she still performs it with a feeling of pressure 

to avoid guilt or fulfil his/her pride (Ryan & Deci, 2000). 

 

Integrated regulation is considered a more autonomous form of extrinsic motivation 

than the previous two, as ñthe person has identified the personal importance of a 

behaviour and has thus accepted its regulation as his or her ownò (Ryan & Deci, 2000, 

p.62). For example, in a regulated scenario like a school, a student may write a 

repetition of his name (20 times) because he/she recognises that it will improve his 

handwriting and the ability to write his name correctly in the answer sheet exam.   

Integrated regulation is the most autonomous form of extrinsic motivation, as the 

individual has entirely accepted the importance of the task and fully assimilated to the 

self in an identified regulation (Ryan & Deci, 2000; Kusurkar et al., 2011).  

 

2.4.2. The basic psychological needs 

SDT comprises several mini-theories that offer tools for understanding human 

motivation and functioning (Legault, 2017). All of them rely on three psychological 

needs: autonomy, competence, and relatedness: 

A student is said to be motivated if he/she satisfies these three needs (Niemiec & 

Ryan, 2009). 

People usually seek to fulfil these three needs when they do a task; after they succeed, 

their motivation level increases (Ryan & Deci, 2000). 

 

ñéall individuals strive for and need autonomy (the need to feel free and self-

directed), competence (the need to feel effective), and relatedness (the need to 

connect closely with others) in order to flourish and growò (Legault, 2017, p.2). 
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ñSDT maintains that when studentsô basic psychological needs for autonomy, 

competence, and relatedness are supported in the classroom, they are more 

likely to internalise their motivation to learn and to be more autonomously 

engaged in their studiesò (Niemiec & Ryan, 2009, p. 139). 

 

a) Autonomy 

It is related to the freedom of choosing oneôs path. It happens when a person can do 

something freely, without the influence or control of anyone. So, concerning self-

determination theory, a motivated person has these three needs satisfied. 

So, autonomy leads to a scenario where a student can choose the activities or 

assignments rather than following a set of mandatory controlled ones (Martin, Kelly, & 

Terry, 2018).   

Trenshaw, Revelo, Earl, and Herman (2016) designed a course which supports 

autonomy and replaced midterm examinations and homework with design projects 

chosen by students. They were also provided with a set of homework problems which 

they could choose the ones to solve.  

In the same vein, Martin et al. (2018) designed a MOOC (Massive Open Online 

Course), which provided a learning environment that allows the learner to regulate the 

learning process by choosing what, when and how to do the tasks.  

This freedom for the student does not reduce the role of the teacher, as he acts as a 

supporter, helping the student to be autonomous (Martin et al., 2018). Trenshaw et al. 

(2016) called it ñautonomy supportò. 

 

b) Competence 

The success of an activity will depend on how competent a person is. Competence is 

about accumulating new skills and getting challenged to do something in order to 

succeed (Trenshaw et al., 2016). So, he or she tends to seek challenges and 

development of capabilities (Legault, 2017). 

Trenshaw et al., 2016 argue that instructors can support and enhance the learnerôs 

competence by providing him/her with all the needed tools for building the desired 

competence. So, similarly to autonomy, the role of the instructor will be to support the 

learner to acquire the needed competence to succeed. 
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When someone gets positive feedback or succeeds in executing an activity, the 

perceived competence increases, but when the feedback or result is negative, the 

perceived incompetence occurs (Deci & Ryan, 1985).  

 

c) Relatedness 

Relatedness is the relationship with other persons or a group. According to Legault 

(2017), relatedness plays a vital role in the internalisation process, as individuals tend 

to assimilate the behaviours of the people close to them. For example, if a child 

observes his father performing gymnastic exercises, he or she might internalise it. 

However, for complete assimilation or internationalisation, autonomy is required, as 

he or she will have to take the exercising initiative by himself/herself and perform it as 

many times as he or she wants to (Legault, 2017). 

 

According to Deci and Ryan (1985), activities that promote greater perceived 

competence will enhance intrinsic motivation. However, those which reduce perceived 

competence will also result in the reduction of intrinsic motivation. So, SDT 

components are related to these two types of motivation as gaining autonomy, 

competence, and relatedness may increase intrinsic motivation (Ryan & Deci, 2000; 

Ryan, Rigby, & Przybylski, 2006).  

The same thoughts are shared by Legault (2017), who argues that a person will 

increase his intrinsic motivation if the needs of autonomy and competence are 

satisfied, but if autonomy is compromised (by controlling events) or if competence is 

undermined (by negative feedback), then intrinsic motivation will reduce.  

So, people who feel autonomous and competent tend to be intrinsically motivated 

(Gagné & Deci, 2005). 

 

2.4.3. SDT mini-theories 

SDT is based on six mini-theories: Cognitive Evaluation Theory (CET), Organismic 

Integration Theory (OIT), Causality Orientation Theory (COT), Basic Psychological 

Need Theory (BPNT), Goal Content Theory (GCT), Relationship Motivation Theory 

(RMT). All of them are driven by the idea of the three psychological needs of 

autonomy, competence and relatedness (Gagné & Deci, 2005), though each of them 

has its particularities: 
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According to Gagné and Deci (2005): 

¶ Cognitive Evaluation Theory (CET) is based on identifying the internal and 

external events that can influence or affect intrinsic motivation. External events 

like rewards, punishers, criticism or praise can increase or undermine intrinsic 

motivation, affecting their level of autonomy or competence. 

 

¶  Organismic Integration Theory (OIT) is concerned with extrinsic motivation, 

mainly in how it can be injected. It defines how external and internal factors can 

affect intrinsic motivation. So, in OIT, extrinsic motivation can be accomplished 

through its different forms: external regulation, introjection, identification and 

integration. 

 

¶ Causality Orientation Theory (COT) is related to an individualôs personality 

disposition and how social environment can be influential to his/her intrinsic and 

extrinsic motivation through changes in autonomy, competence and 

relatedness.  

 

¶  Basic Psychological Need Theory (BPNT) is based on the three basic 

psychological needs of autonomy, competence and relatedness, specifying 

how they can benefit health and well-being.  

 

¶ Goal Content Theory (GCT) relates to intrinsic and extrinsic motivation goals. It 

gives baselines on how they can be beneficial (or not) to individual health and 

well-being. So, goals are also seen as aspirations or values. 

 

¶ Relationship Motivation Theory (RMT) is focused on social context. It concerns 

how the surrounding environment can support the individualôs psychological 

needs, intrinsic motivation and well-being. For example, friends, parents and 

co-workers may support or undermine them. 

 

  



25 
 

2.4.4. Enhancing motivation in learning 

Designing a learning environment that motivates students has been challenging, first 

because most education contexts are set for a highly controlled and rigorous system. 

Trenshaw et al. (2016) proposed a ñFall 2012ò course redesign for Computer 

Engineering subjects intending to provide students with an environment that supports 

the three psychological needs. 

Table 6 illustrates an overview of activities that were conducted for each psychological 

need: 

 

Table 6. Examples of activities conducted in each psychological need  

Need Autonomy Relatedness Competence 

Activity - Course policy petition 

- Menu of online and 

written homework 

assignments 

- Menu of laboratory 

assignments 

- Student-directed projects 

- Team-based 

projects 

- Collaborative 

learning in 

discussion sessions 

- Weekly 

consultation 

meetings 

- Challenge vs practice 

problems 

- Weekly consultation 

meetings 

-Flipped lectures 

- Laboratory assignments 

(Trenshaw et al., 2016, p.1198) 

 

Trenshaw et al. (2016)ôs framework consisted of gradually increasing studentsô 

autonomy by replacing midterm exams with a series of design projects. In the first 

project, students had to choose from a list of options, stimulating their autonomy. The 

number of options in the second project was reduced, but students could create their 

project ideas based on their interests.  

Grading looked at individual and team performance and peer evaluation to enhance 

autonomy with their teamôs course grades and autonomy derived from choices made 

(projects). Then, the third project is considered the most autonomous one. It was 

restricted to the context of the project, which was redesigning or modifying computer 

architecture. Autonomy was even more supported by the course home works which 

allowed students to choose which ones to do within a list, leading them to acquire the 

skills they wanted. 
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To support competence in an autonomous environment, weekly consultant meetings 

took place, where teachers met with project teams to discuss their design projects and 

clarify homework-related doubts.  

For relatedness support, student teams were organised according to self-identified 

learning goals. Women and minorities were not isolated but mixed up to increase 

support for relatedness. Autonomy was also enhanced by allowing students to change 

groups or dissolve the existing one and create a new one. 

Results indicated that studentsô perceptions were more related to highlighting 

relatedness, followed by competence and autonomy. Theme result from the data 

process indicates that: 

ñéteam projects promote relatedness; relatedness provides space for 

competence building, and without relatedness and competence, motivation 

declinesò (Trenshaw et al., 2016, p.1200). 

Detailed results of each theme are illustrated in figure 7: 

 

Figure 7. Frequency of each psychological need  
(Trenshaw et al., 2016, p.1200) 
 

So, unexpectedly, relatedness was the most identified feeling among students, 

followed by competence and autonomy. The author emphasizes that those results 

contradict prior SDT findings in which autonomy and competence were the most 

dominant. 
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2.4.5. Motivation for online learning 

Several authors have designed learning frameworks for online learning based on 

principles of SDT, focusing on intrinsic motivationôs basic psychological needs of 

autonomy, competence and relatedness.  

Thus, intrinsic motivation can be essential in student engagement strategies in 

different online learning environments. 

Martin et al. (2018) designed a framework for massive online courses (MOOCs) 

inspired by SDT principles of intrinsic motivation. Similarly, Chiu (2021) conducted a 

study of SDT in student engagement in a blended learning environment, and Chiu 

(2022) applied SDT in engaging students in online learning during the COVID-19 

pandemic. 

Martin et al. (2018) learning environment proposal was based on SDTôs three 

psychological needs in MOOC-based web platforms, as illustrated below (Fig. 8): 

 

Figure 8. Three psychological needs in MOOC-based web platform  
(Martin et al. 2018, p.40) 
 

For perceiving autonomy, the course was set up so that: 

Learners were offered a meaningful choice to browse and access learning content at 

their own pace. Students were given enough time to complete their tasks with no 

weekly deadline as, according to this author, imposing a deadline may compromise 

intrinsic motivation, resulting in a task imposition limit. Autonomy was also impulse by 
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removing rewards like badges or formal qualifications, as intrinsic motivation would be 

compromised in that context. Finally, tasks were immersive and involving, so students 

could be uniquely focused on doing them without external distractions. 

The applied design supported competence through the following strategies: 

¶ The designed learning environment provided challenges and stimulated 

students to acquire abilities for new skills. Thus, this purpose consisted of 

organising content in blocks through a user-friendly web-based platform. It 

includes supportive instructions and information so that students can overcome 

tasks.  

¶ Additionally, two more elements were applied: Progression and success (by 

including elements like a progress bar, motivation messaging and course 

communication) and positive feedback (feedback that constructs a meaning) 

with unexpected rewards (rewards that were unknown by students until they 

were assigned). 

 

Relatedness support consisted of the following strategies: 

 

¶ Supporting connection and interactions between participants allow participants 

to interact, share ideas (discussion forum or emails) and cooperate in 

knowledge construction. 

¶ It provided warm and friendly interaction ï creating a balance between the 

authoritative and expert approach so students could be encouraged. It also 

promoted respect among participants. 

¶ Promoting an internal frame of reference is a way of valorising the particular 

context of a participant.  

 

Results from Martin et al. (2018) can be compared to Chiu (2021), who also relied on 

intrinsic motivation through psychological needs. Both authors have similarities in their 

approaches, as illustrated in Table 7: 
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Table 7. Intrinsic motivation in online learning. An overview of Martin et al. (2018) and Chiu 
(2021) approaches. 

Element Martin et al. (2018) Chiu (2021) 

Learning 

Environment 

Online courses (MOOCs) Blended learning supported by 

LMS 

Perceived 

Autonomy 

The choice to browse and 

access learning content 

Diversity of digital resources in 

LMS 

Perceived 

Competence 

Challenge by organising 

learning in blocks 

Organising exercises in levels (5 

levels) to challenge participants 

Perceived 

Relatedness 

Connection and interactions 

between participants 

(discussion forum or emails) 

Adding personal and emotional 

designs (picture upload 

exchanges) 

 

For both authors, it can be seen that autonomy is stimulated by giving a sense of 

choice to learners so that they can select content that is suitable to their context. So, 

in that autonomous approach, the teacher had to consider the studentôs perspective 

reducing the amount of controlling language (Chiu, 2022). They also have similarities 

in the perceived competence approach as they both stress the importance of level-up 

and challenging participants.  

Regarding relatedness, both promote that interconnection between participants even 

though they used different strategies. Another used approach for promoting the feeling 

of relatedness is group projects (Trenshaw et al., 2016).  

It means they can be implemented independently to motivate students. Despite 

studies from Martin et al. (2018) and (Chiu, 2021) relied on all three psychological 

needs, studies from Zak-Moskal and Garrison (2020) have identified that several 

authors applied the three psychological needs and others applied to part of them. 

Studies from Hong, Shull, and Haefner (2011) relied on competence. Cambridge-

Williams, Winsler, Kitsantas, and Bernard (2013) focused on competence and 

relatedness. 

So, SDTôs motivation framework has been combined with different learning methods 

for engaging students or improving teaching. 

Many studies have investigated motivation with gamification, blended learning, pair 

programming, flipped classrooms and other learning methods. Table 8 presents the 

findings of some of those studies: 
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Table 8. Studies that investigated SDT with gamification and flipped classrooms. 

Authors Approach Results/findings 

Kam and Umar, 2018 

 

 

 

 

 

 

SDT and 

Gamification 

The learning framework for gamification, which supports the three 

psychological needs (autonomy, competence and relatedness), combines 

them with game dynamics and game components. 

 

Khaleel, Ashaari, and Wook (2019) The gamification website increased the effectiveness and motivation of 

students during programming language learning. 

Zeng, Tang, and Wang (2017). Game elements rewards or reminders like progress completion may 

positively influence extrinsic motivation, and elements related to fantasy 

scenes strengthen intrinsic motivation. However, when a task is complex, 

game elements influence extrinsic and intrinsic motivation less.   

Muir (2021) SDT and Flipped 

Classroom 

Students feel they have developed a sense of relatedness with the teacher. 

Ha, OôReilly, Ng, and Zhang (2019). Flipped classrooms contribute to the fulfilment of psychological needs of 

autonomy, competence and relatedness.  

Botella, García Martínez, Molina 

García, Olaya Cuartero, and Ferriz 

Valero (2021) 

Intrinsic motivation identified motivation and introjected motivation increased 

in flipped classroom group. In the traditional group, there was a significant 

decrease in intrinsic and identified motivation. There was a decrease in 

external motivation and amotivation. 
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2.5. Flipped Classroom 

The flipped classroom is defined as  

 

ñAn educational technique that consists of two parts: interactive group learning 

activities inside the classroom, and direct computer-based individual instruction 

outside the classroomò (Bishop & Verleger, 2013, p. 05).  

 

Flipped classroom changes the default mode of the learning process in which new 

topics are introduced at school and the subsequent activities - such as assignments, 

homework and tasks - take place at home by inverting it.  

Some authors refer to the same concept as an inverted classroom stating that:  

 

ñInverting the classroom means that events that have traditionally taken place 

inside the classroom now take place outside the classroom and vice versaò 

(Lage et al., 2000, p. 32). 

 

The student watches pre-recorded video lectures at home to get introduced to a new 

topic. So, significant time will be self-studying at home (or wherever). In contrast, the 

little time in class will be used to interact with peers and the teacher to clarify questions, 

discuss problems, or consolidate new knowledge.  

A more expansive definition was brought by Flipped Learning Network (FLN), which 

defines it as: 

 

ñA pedagogical approach in which direct instruction moves from the group 

learning space to the individual learning space and the resulting group space is 

transformed into a dynamic, interactive learning environment where the 

educator guides students as they apply concepts and engage creatively in the 

subject matterò 

(Flipped Learning Network [FLN], 2014, p. 1) 

 

The Flipped Learning Global Initiative has been looking for an updated definition of FC 

through its large community of 100 delegates from 49 countries. Their latest definition 

is that: 
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ñFlipped Learning is a framework that enables educators to reach every student. 

The Flipped approach inverts the traditional classroom model by introducing 

course concepts before class, allowing educators to use class time to guide 

each student through active, practical, innovative applications of the course 

principlesò (Academy of Active Learning Arts and Sciences, 2018). 

 

Early definitions of FC, like Bishopôs, focus on flipping classes involving videos as the 

primary medium for out-class sessions.  

 

ñWe restrict this definition by excluding designs that do not 

employ videos as an outside of the classroom activity. While a broad conception 

of the FC may be useful, definitions that become too broad suggest that 

assigning reading outside of class and having discussions in class constitutes 

the flipped classroomò (Bishop & Verleger, 2013, p. 5) 

 

These premises rely on the fact that students rarely read other sources like textbooks, 

implying that reading material as preparation for the in-class session does not take 

part in the FC definition (Weiß & Friege, 2021). 

In this way, the FC definition could not focus entirely on the type of medium used in 

the preparation phase but on the teaching and learning activation opposite to 

traditional teaching (Weiß & Friege, 2021). 

 

Besides the existence of different approaches in classic and recent definitions of FC, 

all of them share some common aspects: 

¶ FC does not only rely on sharing instructional digital media with students before 

in-class sessions (although essential), but its focus is on the student-centred 

learning process (Østerlie, Killian and Sargent, 2022). 

¶ FC rely on active learning (Bishop & Verleger, 2013), as In-class sessions focus 

on engaging students in various activities that permit discussion, training, 

implementation or experiment. 

¶ Group interaction is an integral part of both in-class and out-class activities 
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So, the teacherôs role changes significantly in planning and conducting a lesson.  

In a typical lecture, the time used by the teacher to explain has been excessive. That 

time could be wisely used by students for consolidation and practising rather than the 

teacherôs expositive sessions (Werner, Spannagel & Bayer, 2018). 

Conducting a lecture shift from a superficial knowledge transmitter to: 

 

ñManage the class and the time, control the speed of learning, determine the 

strategies and activities that will be applied, direct the studentsô activities, and 

motivate and provide them with the support needed. They also participate in 

discussion groups by leading the discussion and concluding the essential 

pointsò (Ismail & Abdulla, 2019, p. 03). 

 

In this way, during the in-class session, teachers have the role of a guide of the 

learning process rather than an authoritative pedagogue (Bergmann & Sams, 2014). 

Regarding learning planning, the teacherôs role becomes more challenging and 

demanding because he/she needs to prepare learning materials that lead to easy 

understanding for students (Ismail & Abdulla, 2019).  

So, activities before class sessions must be planned and structured so students can 

quickly assimilate that concept and be ready for in-class ones.  

According to Spannagel and Spannagel (2013), watching videos is not the most crucial 

part. Instead, this is only the preparation for the more critical phase: the plenary 

session with in-class activities.  

According to McLaughlin et al. (2014) and Johnson (2013), the flipped classroom is a 

unique educational method as the learning process is centred on the student. Bishop 

and Verleger (2013) emphasise that student-centred theories - like problem-based 

learning, peer-assisted, collaborative, and cooperative learning - are the baseline 

theories for the flipped classroom.  
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2.5.1. FC Model 

Although many FC authors rely on a two-stage model: pre-in-class activities and in-

class sessions, it has been proved that FC takes place even after class sessions 

moving in a three-stage model cycle. Such a cycle is, in fact, a set of moments: Before 

class, During Class and After Class. Kirch (2016) proposed the WSQ (Watch 

Summarize Question) model for FC (see Fig. 9). 

 

 

Figure 9. WSQ (Watch Summarize Question) model for FC  
(Kirch, 2016, p. 111) 
 

The cycle starts with a short Introduction to the content, making a connection with new 

and previous knowledge. It takes place inside the classroom in 5 to 10 minutes. 

Then student assimilates new content by watching videos or learning objects in an 

environment that can be controlled by him/her, at home, at work or even at school. 

This moment is combined with student reflection accountability so that while he/she is 

watching videos or interacting with learning objects, he/she gets engaged in WS 

(Watch & Summary) activity elaborating questions about the topic and preparing a 

summary. In-class sessions start with class/group discussion, where the teacher and 

students will be engaged in discussion and clarification of questions that peers did not 

understand. The last 30-35 minutes consist of ñPractice & Applicationò or ñReview & 

Assessmentò, which focus on practising and applying the new knowledge. The last 
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phase is considered a preparation for the new cycle. Kirch's (2016) model goes in the 

same direction as Schmitz's (2016) three-stage model (Fig. 10): 

 

Figure 10. FC proposed model  
(Schmitz, 2016, p. 80) 

 

Before classes, the teacher prepares content and shares it with students. Students 

attend to class materials that include some tasks or questions that have to be solved 

and submitted by them. The teacher analyses and evaluates studentsô answers. So, 

pre-class sessions will take effect on Bloomôs Remember and Understand dimensions. 

In-class sessions involve different group or individual activities (problem-solving, 

experiments, simulations, games) stimulating Bloomôs taxonomies: Apply, Analyse, 

Evaluate, and Create. After class, students can complete pending activities and review 

the discussed contents.  The teacherôs role is to prepare the following lecture by 

evaluating the last one. Schmitz (2016) and Kirchôs (2016) models have some 

common aspects: 

¶ They rely on the fact that pre-class sessions do not consist of a single 

monotonous task (watching videos or reading text) but of a set of activities like 

summary/question/problem solving combined with videos to enhance self-

learning.  

¶ They both consist in combining FC with other methods: While Kirch combined 

FC with the WSQ model, Schmitz combined FC with methods like PBL 

(Problem-Based Learning), and PI (Peer Instruction).  
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¶ They all promote group learning by applying different cooperative activities 

during and after class. 

 

Different strategies can be used during FC moments (Before, During and After). 

Videos have been the most used approach for pre-class sessions (before class). 

However, many other resources have also been proven to be effective. The choice of 

medium depends on learning objectives since some may be better accomplished 

through text, and others may be better accomplished by texts and podcasts. Different 

models can be used during in-class sessions to engage students in active learning. It 

can be accomplished by using different active learning methods. Green et al. (2017) 

propose some of the following active learning strategies (Table 9): 

 

Table 9. Active learning strategies  

Activity Description Goal 

ThinkïPairï 

Share 

Students write or think about a given 

prompt/question, then share with a partner 

before sharing aloud 

Increase and scaffold 

student participation 

Class 

discussion 

Students discuss class topic in small or 

large groups 

Deepen understanding, 

share perspectives 

Jigsaw 

Readings 

Students are assigned different segments 

of a particular text to become experts on. 

They share their understandings of their 

segment of the text in small groups and 

learn from peers about other assigned 

sections. 

Reduces cognitive load by 

chunking reading material; 

Encourages interaction, 

participation and 

accountability for 

knowledge 

Group work on 

problem sets 

Students work in groups on challenging 

problem sets 

Scaffold understanding 

through peer interaction 

and 

instructor support 

Scenario/Lab 

Activities 

Students engage in hands on learning in 

authentic disciplinary situations 

Encourages interaction and 

conceptual application 

Rubric-based 

feedback 

Students receive peer and instructor 

feedback using rubrics 

Students interact with rubric 

criteria, understand how to 

improve 

(Green et al., 2017, p.22) 
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Both Green et al. (2017) and Schmitz (2016) emphasise combining methods for 

engaging students during in-class and out-class sessions. Green et al. (2017) 

emphasise that all these methods should be strategically adopted to promote student 

interaction and support, where group tasks can be combined with individual ones. 

Activities like Jigsaw and Think-Pair-Share can be combined to enhance learning. In 

the same direction, Schmitz (2016) proposes the following methods and technologies 

that can be used during an FC session: Problem-Based Learning, Media Based 

Learning, Peer Instructions, Just-in-Time Teaching, Problematization, Simulation, 

Experiencing, and Games.  

 

2.5.2. Benefits of FC 

Many authors have argued numerous benefits of the FC model, intending to focus on 

the student-centred element. Bergmann and Sams (2014) indicated the advantages 

below: 

i. Flipping speaks the language of todayôs students:  

Today's students are familiar with digital technologies through the familiarity of 

social networks and various Internet services. FC is also connected to 

technology, and todayôs studentsô technology knowledge can be easily 

integrated into a flipped class. 

ii. Flipping helps busy students: 

 Busy students can benefit from FC while absent, and they may be able to 

attend pre-class content shared by the teacher and work ahead. Even if they 

missed in-class sessions, they could still have classes (repeat them) as they 

were available online. 

iii. Flipping helps struggling students:  

In the traditional approach, intelligent students catch more attention from the 

teacher as the weak ones tend to be passive. However, in FC, the attention is 

shifted to those struggling through different group or individual monitoring. 

iv. Flipping allows students to pause and rewind their teacher:  

In a typical expositive lecture, speed is always challenging for the lecturer. The 

too-fast approach may be disadvantageous for weak students, and a very slow 

one may be boring for expert ones. So, using FC, students can regulate and 

control the speed of learning by rewinding or repeating lectures, which helps 

them in time management. 
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v. Flipping increases student-teacher interaction:  

In FC, technology does not intend to eliminate face-to-face contact. However, 

it enhances its importance, as the teacher's presence is still fundamental to 

interacting with students during in-class and pre-class sessions.  

vi. Flipping allows teachers to know their students better:  

Using FC, student-teacher relation increases, as most of the in-class time is 

spent with different interactive activities. That interaction occurs inside and 

outside the classroom, resulting in a closer relationship. 

vii. Flipping increases student-student interaction:  

By shifting from presenter to coach, the teacher can observe students so that, 

if students have similar doubts, they can be grouped and work together to 

overcome them. Another fact is that students tend to create their groups using 

different social network applications, stimulating collaborative learning outside 

the classroom. So, FC enforces the learning to be cooperative, where students 

have to interact with each other in all moments (pre-in-out). 

viii. Flipping allows for real differentiation:  

It is a big challenge to attend a large class, especially with students having 

different abilities. Thus, in FC, most of the time is spent accompanying students. 

It can be done by attending to different groups of students and paying attention 

to both struggling and expert ones. In a typical expositive lecture, it can be 

challenging to satisfy both groups, resulting in a bland impression for one of 

them.  

ix. Flipping changes classroom management:  

In a regular expositive lecture, it is normal to have students who ignore class, 

distracting others. Class management shifts from controlling students to 

focusing on supporting students in solving tasks. By using FC, those 

management issues can be minimised as most of the time is used for hands-

on activities, in groups or individuals, reducing space for distraction. 

x. Flipping makes your class transparent:  

Since FC lecture content is available to the public through the Internet and other 

media, it makes learning transparent for parents and everyone. Parents can 

easily see what their children are learning and make a general opinion of that 

school. 

xi. Flipping is an excellent technique for absent teachers: 
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FC can also be adapted for temporary teacher absence. A teacher may pre-

record a lecture for their students and consolidate the learning when he/she 

returns. Alternatively, a substitute teacher can project these pre-recorded 

lectures inside the classroom. In this way, students will still have the same 

learning experience, and the principal teacher does not have to reteach when 

he/she returns. 

xii. Flipping can lead to the flipped-mastery program: 

Learning can shift from the standard FC model to an advanced one, usually 

called a ñflipped-mastery program,ò allowing students to learn at their own pace. 

Students may access different videos (not the same) and learn different topics 

asynchronously. However, it was proven to be more effective, and its 

implementation is proposed to be gradual. 

 

2.5.3. Limitations and possible solutions 

i. In some studies, students faced technological limitations at home like lack of 

Internet, low bandwidth or lack of equipment (Say & Yildirim, 2020). Bergmann 

and Sams (2014) enforce that teachersô creativity can overcome the absence 

of technology in finding easy and accessible alternatives for students accessing 

learning content. Another important aspect is to guarantee that before including 

a technology, ask students to use it from the universityôs campus and 

demonstrate the use of it (Roehling, 2017). After that, technology is accessible 

and understandable to students, then they can effectively use it. 

ii. FC demands hard work from teachers in preparing lectures as well as in 

conducting class sessions. In Zhang's (2017) study, teachers replied that FC 

lectures took too long to prepare, teachersô workload increased significantly and 

in-class sessions were difficult to control due to adaptation to the new role. A 

possible solution is a gradual flipping rather than the whole course, starting with 

identifying the appropriate modules for shifting and then gradually moving to full 

flip implementation (Leicht, Zappe, Messner & Litzinger, 2012). 

iii. Some students may manifest disinterest or resistance to doing self-learning at 

home. It may be related to resistance to change of face-to-face sessions with 

self-learning (Evseeva & Solozhenko, 2015), leading to a poor in-class session. 

A possible solution is to discuss with students the benefits of active learning 

through three key points: discuss the courseôs learning, explain how pre-class 
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and in-class activities are fundamental and discuss with them the new role of 

teacher, which is now an instructor (Roehling, 2017). 

iv. Technological cost: Internet access and computer components are still 

expensive in some countries. This fact may increase the cost for all learning 

intervenient.  

Similarly, Paristiowati, Fitriani, and Aldi (2017) identified the following benefits and 

pitfalls of FC (Table 10): 

 

Table 10. Benefits and pitfalls of FC  

Potential benefits Potential pitfalls 

Students can learn at their own pace rather 

than move too far ahead or fall behind. 

 

Students are introduced to self-directed, 

independent learning techniques and 

collaborative, group-oriented learning. 

 

Teachers can gain insight into student 

performance, learning difficulties and varying 

learning styles. 

 

Teachers can customise and update course 

content more efficiently and provide learning 

materials to students on a 24/7 basis. 

 

Classroom time can be used more effectively 

and creatively with a focus on peer interaction 

and engagement. 

The use of new technologies aligns with the 

concept of ó21st-century learningô and may 

appeal to contemporary student cohorts. 

Students may have limited access to 

online resources at home regarding 

required hardware, software and Internet. 

Students may lack the discipline to 

complete the required work and come to 

class unprepared. 

 

There may be an increase in staff 

workload as class resources take more 

time to prepare 

 

There may be costs associated with 

preparing course materials, such as video 

recording and editing hardware and 

software. 

The quality of teacher-created videos may 

be lacking if the teacher is unfamiliar with 

video editing and exporting. 

Some students may resist new or novel 

teaching methods. 

 

(Paristiowati et al., 2017, p.3) 
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2.5.4. Bringing FC with other concepts 

Various concepts and theories have been considered supportive of flipped classroom 

concepts.   

 

2.5.4.1. Constructivism 

 
Constructivism is the foundation of many modern learning methods, and flipped 

classroom is one of them. The theory of constructivism promotes an active learning 

environment as a teacher can engage their learners using technology (Illie, 2019). The 

student is expected to be autonomous to learn actively outside the class with the help 

of his teacher. 

Additionally, during the in-class activities, the student-centred approach takes place 

through lab work and cooperative tasks between them. So, students do not attend the 

class empty-minded, but they take their perceptions and understandings to the 

classroom to go deeper into de concepts with the help of the teacher (Bada & 

Olusegun, 2015).   

 

ñFlipped Learning transforms the time spent in the Classroom into an 

individualised experience. The learners work at their own pace or in small 

groups in order to apply their knowledge in practical situations, and this allows, 

as a whole, a more diverse experience.ò (Illie, 2019, p. 396). 

 

By flipping the classroom, students learn the concepts outside the classroom and use 

the classroom working space to deepen the topics by constructing their understanding. 

Illie (2019) states that ñactive engagementò consists in taking notes, solving problems, 

writing an essay, highlighting, and gathering information. This activity may be done 

individually or in groups, but the teacherôs role will be to engage the learners in 

constructing their knowledge.  

Since constructivism focuses on active learning, flipped classrooms allow the student 

to take the wheel of the learning process (at any time and place), accessing the content 

shared by the teacher. Because the learner will access the prepared lecture (through 

audio, video or Text) at home, he will create his perception and take it to classroom 

discussion. So, constructivism is also part of the activities performed outside and 

inside the classroom. 
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Xu and Shi (2018) argue that constructivism can be applied in the flipped classroom 

in the following dimensions (Fig. 11):  

- Teacherôs role,  

- Studentôs role and  

- In self-directed learning.  

 

 

Figure 11. Constructivism dimensions for flipped classroom implementation  
(Xu and Shi, 2018) 

 

Teacherôs role 

The teacherôs role in the flipped classroom, as well as in constructivism, is transformed 

into a facilitator, a helper, and a collaborator of students, creating a proper learning 

environment in which students are stimulated to pursue their knowledge as well as 

motivated them (Xu & Shi, 2018). So, the teacher is no longer an authoritarian element, 

and every student has to rely on him and learn from him only, but a person that helps 

him organise, interpret, and evaluate so that he constructs his knowledge correctly 

during in-class sessions.  

Regarding out-class sessions, with the Internet, students can access a vast online 

library of knowledge that needs to be selected carefully. So, a teacher may be a key 

element in guiding them in learning from suitable sources, as today, anyone can 

publish information and make it available online. 
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Studentôs Role 

In constructivism, students shift from passive learners to a core element in which the 

whole learning process is focused on them.  

The studentôs role is to be active, participative, and knowledge builders so that he/she 

will be in control of the learning with the help of the teacher (Xu & Shi, 2018). By 

accessing and doing pre-recorded lectures, students can create their understanding 

and bring it to discussion during in-class sessions. So, those sessions are no longer 

reserved for expositive presentation of the new learning but for creating and 

constructing the knowledge based on what students will bring and do, individually or 

collaboratively. 

 

Self-Directed Learning 

Self-directed learning allows a student to learn autonomously by choosing his own 

pace, space, and time. 

ñUnder the Constructivist Learning Theory, in a flipped classroom self-directed 

learning mode, students learn how to learn, how to use knowledge and how to 

use the knowledge they have learned to solve complex problemsò (Xu & Shi, 

2018, p.6). 

Those complex tasks occur during in-class sessions through exercising, experiences, 

discussions, simulations and other active ones. The goal is to give students the ability 

to run on his/her own. 

Another link aspect to constructivism relates to studentsô prior experiences, which FCôs 

WSQ model can accomplish as it considers studentsô previously written notes 

(questions and summaries) to be discussed inside the classroom. So, the content to 

be experienced or debited depends on what cases or topics struggle with students.  

So, involving students inside and outside classroom activities leads to the most crucial 

aspect of constructivism: the ñStudent-centredò approach.   

Moreover, FC is based on constructivism theory through its active learning, and FC 

can use the latest technology to boost engagement during that learning process (Illie, 

2019). 
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2.5.4.2.Self-determination theory (SDT) 

 
FC has been combined with SDT with a focus on investigating its impact on studentsô 

motivation.  SDT is a theory with sufficient elements to explore FC (Abeysekera & 

Dawson, 2015).  Studies have associated the three psychological needs of autonomy, 

competence and relatedness with the three moments of FC (pre-class, in-class and 

after-class). Studies from Abeysekera and Dawson (2015) and Sergis, Sampson, and 

Pelliccione (2018) indicate that shifting in-class sessions to FC enhanced studentsô 

fulfilment of autonomy, competence and relatedness, increasing motivation. Table 11 

presents a list of some studies and findings related to motivation in the FC 

environment: 

 

Table 11. Studies and findings related to motivation in FC 

Author Findings 

Muir (2021) the approach adopted helped develop studentôs sense of 

competence, autonomy and relatedness 

Botella, García Martínez, 

Molina García, Olaya 

Cuartero, and Ferriz 

Valero (2021) 

Results showed an increase in intrinsic motivation, identified 

motivation and introjected motivation in the FC group. In the 

traditional group, there was a significant decrease in intrinsic 

and identified motivation. Beyond that, external motivation 

and amotivation have decreased after the intervention.  

Cho, Zhao, Lee, Runshe, 

and Krousgrill (2021) 

The studentôs perception was that FC has the potential to 

support autonomy in the learning environment. 

Ha et al. (2019) The flipped classroom has substantial potential to fulfil the 

three basic cognitive needs. 

Kamarzaman, Yahaya, 

and Yusof (2022) 

FC group had significantly higher motivation than the 

traditional one. 

 

Inside classroom 

The replacement of traditional face-to-face learning with active learning during in-class 

sessions facilitates studentôs need for autonomy, competence, and relatedness (Muir, 

2021). 

The fact that students can view and assimilate course content before in-class sessions 

and have essential knowledge contributes to perceived competence (Ha et al., 2019). 
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Relatedness can also be increased through interaction between teacher and student 

as well as student and student. 

They result in more interactive sessions as time is spent in activities related to solving, 

cooperating, discussing, experimenting, analyzing or doing other tasks that stimulate 

higher-level thinking. 

 

Outside classroom 

During the pre-class session, students can control their learning, choosing their pace 

and time, supporting autonomy and competence needs (Cho et al., 2021; Ha et al., 

2019). Muir (2021) shares similar thoughts stating that the sense of autonomy 

facilitates studentsô self-paced and allows them to view video tutorials according to 

their time and pace rather than wait for others or move at the same pace.  

If a pre-class is well designed, with relevant and engaging learning content, the sense 

of competence could be fulfilled (Ha et al., 2019). 

So, to motivate them, it is necessary to support them in planning those pre-class 

activities: explain about expectations, objectives and resources (Persky and 

McLaughlin, 2017): 

 

ñépre-class learning activities must have clear goals, allow for self-pacing to 

optimize attention and effort, and provide self-assessment to help students 

monitor learning gainsò (Persky and McLaughlin, 2017). 

 

In-class participation also supports relatedness (Muir, 2021; Cho et al., 2021; Ha et 

al., 2019) through active student-student (peer or group) or student-teacher 

relationships. With todayôs technology, it is possible to maintain this interconnection 

outside the learning space by relying on todayôs social networks, video conferencing, 

virtual reality and others. 

This way, different strategies can be used in FC to facilitate student motivation. Persky 

and McLaughlin (2017) propose the following scenarios (Table 12): 
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Table 12. FC strategy examples for motivating students 

Psychological need Example 

Autonomy ¶ Allowing students to learn material on their own time at 

their own pace before class 

¶ Providing flexibility for due dates or choice of practice 

activities 

Competence ¶ Embedding self-assessments that enable students to 

determine their own strengths and weakness 

¶ Administering assessments that allow students to 

demonstrate progress toward the achievement of desired 

outcomes 

Relatedness ¶ Using active learning that requires in-class discussions 

with peers 

¶ Incorporating practice activities related to future 

applications of clinical practice 

(Persky & McLaughlin, 2017, p. 3) 

 

2.5.4.3. Cognitive apprenticeship 

 
FC approach matches the cognitive apprenticeship model (Collins et al., 1988). In the 

Cognitive Apprenticeship model, the student learns by observing the teacher, then 

performing the task with help from the teacher, getting hints or feedback so that s/he 

can gradually go over it on his own (Collins et al., 1991).  

In this way, the cognitive apprenticeship model is the leading theory that guides FC 

through the relation coaching-apprentice that came into existence (Green et al., 2017). 

In a flipped classroom version of the cognitive apprenticeship model, the modelling 

takes place at home through shared learning content, and the interaction is done at 

school with the teacher or other students.   

 

ñThe flipped classroom transforms students from passive participants to 

cognitive apprentices who are expected to take ownership of their learning, 

become active members of the community of learners within the course, and 

practice thinking like an expertò (Wallace et al., 2014, p. 260). 
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The role of the instructor is to produce the learning material and provide their 

availability outside the class to help the students overcome or answer their questions 

and practical activities inside the classroom space.  

In this way, the teacher acts as a cognitive coach where instead of being content-

deliver, he or she focuses on setting up a variety of engageable activities that lead to 

developing a process of thinking as an expert (Wallace et al., 2014).  

 

2.5.4.4. Bloomôs taxonomy 

 
In a conventional method, low-order thinking skills  (understanding and remembering) 

occur during the in-class session since it presents a new topic that students must 

memorize and understand to apply at the highest levels.  However, in FC, the low 

levels occur outside class, before in-class sessions. Based on the Constructivism 

theory, students are expected to assume the learning process, resulting in a shift in 

Bloomôs taxonomy levels (Shana & Alwaely, 2021) (Fig. 12). 

 

 

Figure 12. Bloom taxonomy in FC and traditional models  
(Shana & Alwaely, 2021, p.613). 

 

¶ ñApplicationò is the result of the practical activities performed in class.  

¶ ñAnalysisò occurs when students debate with other students or teachers inside 

the class to solve a problem. 
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¶ ñSynthesisò results after the student shares his understandings with other 

students/teacher, and ñEvaluationò results in verifying what the students 

understood through evaluation and feedback. 

Studies suggest that flipped classroom matches the Taxonomy proposed by Bloom. 

Zainuddin (2017), who applied flipped in English Language teaching, noticed that a 

low level of ñKnowledgeò is satisfied by the activities performed outside the class, 

where the student gets new information by accessing the resources provided by the 

teacher. ñComprehensionò is accomplished when the student summarizes or takes 

notes/questions after accessing the resources at home to discuss them inside the 

class.  Zainuddin (2017) stimulate the cognitive domains of ñRememberingò and 

ñUnderstandingò through watching and summarizing (note-taking). The remaining 

domains occur during the in-class session, starting with reviewing notes taken.  

So, it can be easily noted the relationship between this model and Kirch's (2016) WSQ, 

as both focus on reading and note-taking for lower-level domains. 

In this way, teachers invest most of the learning process in activities that require high-

level dimensions (assisting them, coaching them, experiencing with them, playing) and 

encourage further learning (Shana & Alwaely, 2021). 

 

2.5.5. Virtual Flipped Classroom 

During Covid19 outbreak, many countries suspended face-to-face contact in schools 

and universities, resulting in a shift to an online-based learning and teaching approach 

(¢ukurbaĸi, 2022). 

This fact caught many educational institutions unprepared, leading to a rapid 

adaptation or improvisation in the teaching process. Suddenly, there was a quick 

search for technological solutions and educational strategies to guarantee that the 

learning process could continue online. Among many, Flipped Classroom was seen 

as an alternative. 

Because physical contact was not allowed, the flipped classroom was adapted to a 

new approach called Virtual Flipped Classroom ï VFC (Ismail & Abdulla, 2019) or 

Distance/Online Flipped Classroom (¢ukurbaĸi, 2022). 

The main difference between standard FC and VFC is related to how active learning 

takes place. FC happens inside a classroom, but in VFC, it takes place in an online or 

virtual environment in an asynchronous and synchronous interaction model. 
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In that way, teachers and students had to adapt themselves to these new activities: 

Asynchronous and Synchronous. According to Anugrah, Ibrahim and Sukardjo (2020), 

as well as Chaeruman, Wibawa, and Syahrial (2020), there are four variants of these 

two approaches (Fig. 13): 

 

Figure 13. VFC variants  
(Anugrah et al., 2020, p.153) 

 

¶ Live Synchronous Learning (LSL) consists of face-to-face interaction between 

teacher and students (student-student), leading such communication to the 

same time and space.  

¶ Virtual Synchronous Learning (VSL) takes place simultaneously but in different 

spaces. Video conference software has a crucial function in this type, as it 

allows a live meeting to occur among people in different geographical locations. 

¶ In Self-directed Asynchronous Learning (SAL), learning takes place in a 

different time and space, where the teacher shares and provides content using 

a learning platform or other medium and students access them and do their 

lesson at their pace. LMS and social networking applications are among the 

most used ones for this model. 

¶ Collaborative Asynchronous Learning (CAL) is similar to SAL (different time and 

space) with the difference in how learning occurs as it happens in collaboration 
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with others. Social networks and LMS are also the most adopted tools for this 

purpose. 

This way, in-class sessions took place in a virtual classroom through synchronous and 

asynchronous learning activities. 

 
ñThe virtual classroom (VC) can be defined as a computer-based 

environment in which AL can be applied since almost everything that can 

be done in a real classroom can be done in a virtual oneò (Ismail & 

Abdulla, 2019, p. 171). 

 
So, in a VC, all the active learning (AL) takes place with the help of different 

communication software. Such activities involve live presentations, online discussions, 

group sessions, simulations, virtual experimentations, and programming, all as if they 

were in a regular classroom.  During the pandemic outbreak, the most popular 

synchronous communication tool was Zoom Meetings, followed by Google Meet 

(Triatmojo & Priyadi, 2021).  

Scenarios in which VC sessions followed the universityôs timetable led to VSL as 

interaction had to occur at the same time as scheduled in the class timetable. 

Therefore, SAL, VSL and CAL approaches could be used depending on the 

educational context. However, a general VFC involves a combination of both 

synchronous and asynchronous activities as follows (fig. 14): 

 

Figure 14. FC within synchronous and asynchronous approaches  
(¢ukurbaĸi, 2022, p.68) 
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During in-class sessions, teachers and students are involved in different online and 

synchronous tasks that require collaboration with teacher-student and student-student 

using the most suitable and accessible software. Such VC makes possible classes to 

care in without risk of physical contact. 

However, technology has always been a challenge in standard FC. In VF, 

synchronous in-class sessions rely on a good Internet connection and presentation 

software and hardware, increasing that challenge.   

On the other hand, attendance time has been considered crucial in active learning, 

and in-class sessions have to be face-to-face. 

 

ñThe core of the concept is not the use of digital media, but the sensible use of 

attendance time. Flipped Classroom is a face-to-face concept and not online 

teaching or anything similarò  

(Werner et al., 2018, p. 14). 

 
ñWe are not advocating the replacement of classrooms and classroom teachers 

with online instruction. In fact, we strongly believe that flipping the classroom 

creates an ideal merger of online and face-to-face instruction that is becoming 

known as a ñblendedò classroomò (Bergmann & Sams, 2012, p.25) 

 
Indeed, a teacher cannot be replaced, and his/her presence is essential for supporting 

and conducting the learning process. Meanwhile, during Covid19 pandemic, teachers 

were forced to shift from face-to-face to online interaction, some without any 

preparation.  

The lesson for educators during Covid19 pandemic is that the learning process must 

be adapted to a similar context, and preparation/training makes a difference in its 

success or unsuccess. 

Table 13 shows the results of some VFC implementations during Covid19 pandemic. 
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Table 13. VFC research findings during COVID-19 

Authors Topic Results 

Sangermán Jiménez, 

Ponce, and Vázquez-

Cano (2021). 

YouTube Videos in the Virtual Flipped 

Classroom Model Using 

Brain Signals and Facial Expressions 

 

There was a variation in student progress regarding grammar proficiency. 

 

Lee, Davis, and Li 

(2022) 

 

Implementing Synchronous Online 

Flipped Learning for Pre-Service 

Teachers during COVID-19 

- Student preferred synchronous course experience over asynchronous 

one. 

- Synchronous classes have to be conducted similarly to face-to-face. 

- The facultyôs readiness to implement VFC could positively impact the 

Pre-Service teachers (PST) satisfaction level. 

 

¢ukurbaĸi (2022) Review of student opinions on blended 

educational implementations in the 

pandemic process: A case study 

- Distance Flipped Classroom (DFC) was less effective in student learning, 

while FC proved to be more effective. 

- Studentôs perceptions were positive for both FC and DFC. 

 

Ismail and Abdulla 

(2019) 

Virtual flipped classroom: new teaching 

model to grant the learners knowledge 

and motivation 

 

Students' learning achievement increased significantly after VFC 

implementation. 

Tang et al. (2020) The efficiency of a flipped classroom with 

online-based teaching under COVID-19 

The combination of online and flipped learning positively affected student 

learning, attention and evaluation of learning. 

 

Anugrah, Ibrahim, and 

Sukardjo, (2020). 

How Flipped Classroom Helps the 

Learning in the Times of Covid-19 Era? 

Implementing FC can be an effective solution even without face-to-face 

classroom activities. 
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From these studies, it becomes clear that FC can be adapted to scenarios where face-

to-face needs to be avoided and can still positively affect the learning process. 

Meanwhile, research comparing VFC and FC has shown how important a studentôs 

physical contact with the teacher and other students is. FC proved to have better 

results than VCF regarding studentsô learning and preferences. 

Further research needs to be done to compare these two approaches. 

Divjak et al. (2022) reviewed 205 publications that covered online FC implementation 

in higher education during the COVID-19 pandemic, where 18 were analyzed in detail. 

The study showed many positive results as well as negative ones. 

The following were the most relevant findings: 

 

¶ FC was mainly combined with other methods like Problem-Based Learning 

(PBL), Game-Base Learning, Blended Learning, and MOOCs. 

¶ FC provided flexible timing for learners because of the combination of 

synchronous and asynchronous learning/teaching. 

¶ Regarding disadvantages, one of them was the amount of time needed by 

teachers to prepare classes, which increased. Another disadvantage was 

related to student difficulties in class engagement using their microphones. 

Shifting from presential to online was stressful for students. 

¶  The demand for FC increased during the Covid-19 pandemic. 

¶  There were no significant differences in studentsô learning outcomes during the 

COVID-19 pandemic compared to pre-pandemic. 

¶ The combination of FC with other innovative learning approaches led to positive 

results. 

¶ Teachers who had used FC before the pandemic had more success in shifting 

to online FC than those who used it for the first time during the pandemic. 
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2.6. Gamification 

Gamification has been used in education, marketing, e-commerce, and others. 

Shopping centres use gift cards so that the more a customer buys products, the more 

points he/she will be awarded on that card. After the card gets the necessary points, 

it can buy a product in-store. So, game elements (points) were used to engage and 

attract clients.   

In this way, gamification does not lead to game entertainment but to situations where 

game features are used to help implement an activity successfully in a scenario which 

is not a game. In educational contexts, it can motivate students, e.g., to deal with a 

topic or to interact with other students.  

 

Definition of gamification: 

 
ñGamification has also been defined as the use of game elements in a non-
game contextò (Deterding, et al., 2011). 

 

The definition above is the one that provides the basic idea of gamification and is the 

most accepted. However, two essential items are absent: the potential outcomes and 

goals (Matallaoui, Hanner & Zarnekow, 2016). Besides the fact that a game leads to 

fun and joy, using its elements should lead to a specific purpose. 

Therefore, the following definition extends the definition to a broader approach. 

Gamification is defined as: 

 

ñThe process of game-thinking and game mechanics to engage users and solve 
problemsò (Zichermann & Cunningham, 2011, p.xiv) 

 

Zichermann and Cunningham (2011) extend the definition to the fact that game 

elements need to be connected to an objective, which, in this case, is user 

engagement and problem-solving. A similar definition was presented by Kapp (2012), 

who added some more goals and game elements: 

 

ñGamification is using game-based mechanics, aesthetics and game thinking 
to engage people, motivate action, promote learning, and solve problemsò 
(Kapp, 2012, p.10) 
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Kapp's (2012) definition emphasizes the educational and motivational purpose. From 

an education perspective, gamification elements come from the psychology of 

educationða user ends up learning something in such a gamified environment.  

Another goal is motivation since one of the crucial objectives in gamification is to 

motivate the user to be more and more engaged in the action. 

 

Regarding game elements, Kappôs definition extends them to aesthetics, a beautiful 

user interface and a thinking process which stresses the ability to make decisions. 

In this way, there are different models and taxonomies to identify gamification 

elements. The next session will present some of those variant models. 

 

2.6.1. Gamification Elements 

One of the most used frameworks for game design is the MDA (Mechanics, Dynamics, 

and Aesthetics).  

Dynamics refers to interactions with the mechanics. According to Zicherman and 

Cunningham (2011), mechanics are related to the game's functionality: points, levels, 

leader boards, badges, challenges/quests, onboarding, and engagement loops. 

Aesthetics concerns the playerôs feelings during the interaction (Fig. 15). 

 

 

Figure 15. Game mechanics, dynamics and aesthetics  
(Hunicke, LeBlanc & Zubek, 2004, p.2). 
 

The most fundamental aspect of the MDA framework is that a game is more than a 

simple media or artefact. It is related to its behaviour (Hunicke et al., 2004). It results 

from the interaction of all these three elements. 

 

 

 

 

 



56 
 

Mechanics 

Mechanics ñdescribes the particular components of the game, at the level of data 

representation and algorithmsò (Hunicke et al., 2004, p.2).  

For example, a mechanic of a football simulation game includes a ball, grass of the 

football pitch, and a football goal. All these elements will produce the dynamic 

necessary for a player to act. 

 

The most mentioned game mechanics are: 

¶ Points ï These can be seen as a number representing an acquired goal by the 

user. 

¶ Leaderboards  

ñList of the players who have the high score in a game or a game-likeò (Kapp, 

2012, p.281) 

¶ Levels 

ñIn most games, levels are the markers of progressò (Zicherman and 

Cunningham, 2011, p.45), 

¶ Achievement system (AS)  

ñCan be seen as ómeta-tasksô (tasks over key-task) that provide further goals to 

the system users, independently of the actual main goalsò (Matallaoui et al., 

2016, p.9) 

¶ Reward 

A compensation to a user for unlocking an achievement (Matallaoui et al., 

2016). 

 

Among those mentioned above, there are many other elements considered 

mechanics. 

Kusuma, Wigati, Utomo and Suryapranata (2018) identified the categories (Table 14): 
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Table 14. List of gamification mechanics and number of publications 

Type Mechanics Number of 

Papers 

Player 

progression 

Points (score) 16 

Achievement (badges, trophies, reward system or 

other forms) 

15 

Leaderboard 12 

Levels (level-up system) 7 

Tasks Missions (quests, optional assignments, mission 

selection, 

18 

Mini-games (quiz, puzzle) 7 

Game content Role-playing 8 

Unique controllers 4 

Simulation 2 

Drag and drop 2 

Turn-based 1 

Additional 

feature 

Feedback 11 

Map 8 

Background story 8 

Characters 5 

GPS location 4 

Obstacles and enemies 4 

Tutorials (audio, video, animation) 4 

Social media platform (chat feature or forum) 4 

Items 3 

Increasing difficulty 3 

Tooltips & hints 2 

Augmented Reality 2 

Virtual Reality 1 

(Kusuma et al., 2018, p.388) 

 

Kusuma et al. (2018) emphasise that those mechanics can be combined. A player can 

accumulate points, leading to a move to the next level, resulting in a Badge assigning.  
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Aesthetics 

Aesthetics is related to beauty and visual representation of something.  

Regarding gamification, it ñdescribes the desirable emotional responses evoked in the 

player when she/he interacts with the game systemò (Hunicke et al., 2004, p.2). This 

interaction and emotions lead the user to be motivated and engaged (Matallaoui et al., 

2016). Table 15 illustrates the elements of Aesthetics: 

 

Table 15. List of aesthetics  

1. Sensation 
Game as sense-pleasure 
2. Fantasy 
Game as make-believe 
3. Narrative 
Game as drama 
4. Challenge 
Game as obstacle course 

5. Fellowship 
Game as social framework 
6. Discovery 
Game as uncharted territory 
7. Expression 
Game as self-discovery 
8. Submission 
Game as pastime 

(Hunicke et al., 2004, p.2) 

 

In this way, aesthetics is how the game will be played and which type of interaction 

will be made with the user. The absence of aesthetics in gameplay may lead to a less 

engaging experience (Kapp, 2012). For example, in a game like Call of Duty, the 

graphical representation of all war environments (soldiers, buildings, air space, 

vehicles, guns, jungle, shooting) is essential for an authentic experience. 

According to Kapp (2012), realism cannot be confounded with aesthetics, as a game 

does not need photorealistic graphics but a visual that provides a good and dynamic 

play experience. So, it is not about the realism of graphics but their proper use.  

 

Dynamics 

Dynamics are the main reason usersô behaviour emotions are connected to game 

mechanics (Matallaoui et al., 2016). Dynamics ñdescribes the run-time behaviour of 

the mechanics acting on player inputs and each otherôs outputs over timeò (Hunicke 

et al., 2004, p.2). It may be seen as a link between mechanics and Aesthetics. 

The most popular dynamics are listed in Table 16: 
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Table 16. The list of other prevalent dynamics  

Type Dynamics Description Number of 

papers 

Receive badges, achievement, or 

other rewards 

Students with the best score receive rewards such as badges, achievement or 

redeemable rewards to boost their motivation in learning activities 

14 

Role-playing Players can choose characters to play in the scenario provided in game 8 

Non-linear progression All mission can be done separately so users could choose any mission they want to 

do.  

8 

There are tutorials in many forms and player can choose to take it or not. 4 

In some mission that involves collecting objects, player could collect them in any 

order. 

3 

Real exploration Player must finish tasks by explore real location with the help of GPS 4 

In-game exploration Player will explore the virtual environment of the game itself 3 

Puzzle solving The puzzle in this game could be done using playerôs own methods 3 

Difficulty adjustment Challenges that adjusted automatically based on playersô performance 2 

Hints The game will provide help to guide players during gameplay 2 

Management ï simulation Player can build their own of city/zoo/other business place by using resources like 

money and make sure the business itself succeeded 

2 

Turn ï based During gameplay, both parties will be given limited time and number of moves each 

turn 

1 

Adaptation system System will adapt and change based on user data and actions, and the changes will 

affect gameplay directly or indirectly 

1 

Quiz system Multiple choices with points for each correct answer. The points will be shown after 

each question answered 

2 

 

(Kusuma et al., 2018, p.389).
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Rewards are the most popular dynamics, followed by Role-Playing and Non-Linear 

Progression. For example, if a user succeeds in a mission and is rewarded, his/her 

motivation will increase. When one is in a similar situation, he/she will repeat the same 

thing so that he/she can be rewarded again and again (Kusuma et al., 2018). 

 

Similarly to mechanics, dynamics can also be combined to make things more 

interesting (Kusuma et al., 2018). For example, a student can play the role of a 

character (Role-Playing), play a set of missions (Non-linear progression) and get a 

reward for concluding it. 

 

So, in addition to MDA, there are many other models. For stance, Deterding et al. 

(2011) propose a layer-based structure of gamification elements:  

¶ Game interface design patterns (badge, leaderboard, level),  

¶ Game design patterns and mechanics (time constraint, limited resources, 

turns),  

¶ Game design principles (enduring play, clear goals, variety of game styles),  

¶ Game models (challenge, fantasy, curiosity, game design atoms),  

¶ Game design methods (playtesting, play-centric design, value-conscious game 

design). 

 

In general, the gamification strategy combines mechanics to create dynamics resulting 

in all aesthetics (Kusuma et al., 2018). 
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2.6.2. Relating Gamification to Self-determination Theory (SDT) 

SDT is a motivation theory which can be easily related to gamification. There is a 

relation between gamification and SDTôs elements of autonomy, competence and 

relatedness: 

ñéfor gamification to effectively foster learning motivations, the game 

elements that are chosen should be intentionally employed to meet the 

psychological needs of autonomy, competence and relatedness as 

outlined in SDTò (Kam & Umar, 2018). 

 

It means that gamification aims to motivate a person (a student) because a game 

environment is designed to engage a player to play more and more. So, such 

motivation is accomplished by the satisfaction of these three psychological needs: 

 

Autonomy:  

When a player is in action, he/she tends to be autonomous so that he/she feels in 

control of all actions (Kapp, 2012). To be in control, a student needs to be in an 

environment where he/she participates freely, without being forced, with no 

punishments (Kam & Umar, 2018). 

According to Kam and Umar (2018) ós guidelines for autonomy in gamification: 

¶ The gamification activity should not be compulsory or graded but optional, like 

a regular video game. 

¶ The gamified learning environment should provide multiple attempts so that 

he/she can try it at any time. Zichermann and Cunningham (2011) interpret it 

as a social engagement loop consisting of techniques that motivate a player 

to play repeatedly 

¶ The risk of failure should be low, so the participant can be free to fail and 

develop mastery in a safe-risk environment. 

  

Competence:  

To provide competence, the designed learning environment needs to promote 

activities that challenge students, regulating gamification elements like levels, 

feedback, and goals (Kam & Umar, 2018). 
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So, in that opportunity, the student has to be challenged, acquire new skills that will 

enhance perceived competence and be intrinsically motivated (Kapp, 2012). In this 

way, different strategies can be adopted. For example: When a group of tasks are 

organized in different difficulty levels, they allow a student to test his abilities, 

overcome that challenge and be motivated to do the next one. In this scenario, the 

sub-element ñlevelò was used to motivate the student to pursue mastery or 

achievement. 

 

For this purpose, Kam and Umar (2018) propose the following guidelines:  

¶ The level of difficulty should be the same as the studentôs ability. 

¶ It is a good practice to divide the learning goals into smaller sub-tasks so that 

students will reach each of them gradually 

¶ As a result, there should be short feedback cycles for communication with 

students in each sub-task. 

¶ Rewards should be applied carefully, as in some situations (non-task 

contingent) may contribute to reducing intrinsic motivation. 

¶ Leaderboards can also lead to competence as they give a sensation of 

accomplishment. 

 

Relatedness:  

It is related to the connection of feelings between two or more players when they play 

a game together, which can be in online or offline environments (Kapp, 2012). Not 

only that, gamification dynamics allow players to cooperate, share their achievements, 

exchange items or interact socially (Kam & Umar, 2018).  

With the evolution of online games and social networks, gamification can use these 

technologies to enhance student connections. 

 

Table 17 illustrates how game dynamics can be used within SDT theory elements. 
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Table 17. Mapping game mechanics and SDT elements  

Psychological 

need 

Support through game dynamics 

(examples) 

Support through game 

components (examples) 

Autonomy Voluntary participation in activity 

No negative consequences for non-

participation  

Multiple attempts available  

Low stakes failure 

Non-controlling feedback 

Personalization of profile 

page Control of 

achievement displays 

 

Competence Optimal challenges  

Short feedback cycles  

Informational feedback Competitive 

elements 

Points awarded based on 

performance, Badges 

awarded for meeting 

mastery standards 

Leaderboard display of 

performance ranking 

Relatedness Competitive elements Compete in teams 

Collaboration opportunities 

Options to share 

achievements on profile 

pages or networking sites 

Leaderboard showing 

performance in relation to 

others 

(Kam & Umar, 2018, p.7). 

 
Many gamification learning systems focus on extrinsic motivation rather than intrinsic 

by using the MDAôs mechanics only (points, badges and leaderboards). So, ñonce you 

start giving someone a reward, you have to keep him/her in that reward loop forever" 

(Zichermann & Cunningham, 2011, p. 27). As stopping rewards, motivation decreases  

It is crucial to design a game system that stimulates intrinsic motivation and is fun to 

play (Dichev et al., 2015).   

 

ñAn intrinsically motivating gameful system offers nested and interlinked 

feedback loops of goals, actions, tokens, and feedback around the skill-based 

challenges inherent in the usersô pursuance of her goals while engaging with 

the systemò (Deterding, 2013, p.3).  
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However, gamification of a learning environment does not mean relying on intrinsic 

motivation only but finding a proper combination of both intrinsic and extrinsic ones for 

better performance (Dichev et al., 2015). 

Besides SDT, other theories are considered to impact gamification, as illustrated in 

Table 18. 

 

Table 18. Other theories that impact gamification. 

Theory Impact on Gamification Design 

Social Learning Theory Model desired behavior so learner observes and internally 

processes the desired behavior. 

Cognitive 

Apprenticeship 

Setting and environment should be authentic and provide 

feedback and guidance on the learnerôs activity 

Flow Continually adapt to keep the learner at constant state of interest.  

System adapts to the right challenge level for the leaner, not too 

difficult and not too easy 

Operant Conditioning Provide appropriate rewards, points, and badges on a variable 

basis to maintain learnersô interest. 

ARCS Theory of 

Motivation 

Grab the learnerôs attention, contain relevant information, and be 

aimed at the appropriate level of challenge so the learner is 

confident he or she will be successful and provide intrinsic and 

extrinsic motivational elements. 

Maloneôs Theory of 

Intrinsically Motivating 

Instruction 

Include elements of challenge, fantasy, and curiosity. 

Lepperôs Instructional 

Design Principles for 

Intrinsic Motivation 

Include elements of learner control, challenge, curiosity, and 

contextualization 

 

The Taxonomy of 

Intrinsic Motivations for 

Learning 

Include internal and external motivational elements such as 

challenge, curiosity, control, fantasy, cooperation, competition, 

and recognition. 

Self-Determination 

Theory  

Provide the learner with the opportunities for autonomy, a feeling 

of competence, and relatedness with others. 

Distributed Practice Play out over time to provide spaced repetition of the content 

within the game. 

Scaffolding Start out providing a great deal of guidance and then provide less 

and less guidance until the learner is independently solving 

problems 

Episodic Memory Evoke learnersô emotions to more richly encode the lessons from 

the game in memory 

(Kapp, 2012, p.74) 
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2.6.3. Application of gamification in the learning processes 

Gamification has been applied to learning contexts to make learning more pleasant. 

Some gamification elements can be easily noted in the education process: 

examination marks (points), rankings (grades), progress system, repetition (after 

failure), competition, and cooperation, among others (Dichev et al., 2015). 

Due to its popularity, gamification has been involved in many studies in education.  

As a result, elements like motivation, learning outcomes, and engagement have been 

the most studied outcomes in gamification for education (Faiella & Ricciardi,  2015). 

 

2.6.3.1. Gamification vs Game-based learning 

 
It is essential to distinguish between gamification and serious games in the 

learning/teaching process. 

A serious game is ñan experience designed using game mechanics and game thinking 

to educate individuals in a specific content domainò (Kapp,2012, p.15).  

 

Although the two concepts are similar, they differ in the way they use game elements.  

While gamification uses parts of a game in a non-gaming context to engage learners, 

serious games are complete games that can also be used for educational purposes 

or other areas (Matallaoui et al., 2016).  

Gamification involves a controlled or ruled-based environment and a goal-oriented 

approach (Fitzgerald & Ratcliffe, 2020; Kapp, 2012). The goal is to get at least three 

completed tasks. For example, you pass to the next level after completing three tasks. 

When serious games are used on behalf of learning, they are also called game-based 

learning (Sailer & Homner, 2020) or learning-based games (LBG) (Al-Azawi, Al-Faliti 

& Al-Blushi, 2016).   

Thus, gamification is not a product in the same way as a serious game but a process 

that focuses on altering or updating a learning environment using game elements so 

that a new version results in a gamified environment. A serious game consists of the 

product itself, which can also be used in an existing learning environment (Sailer & 

Homner, 2020).  

Some authors, like Kapp (2012), consider serious games a form of gamification. 

However, this approach needs to be done carefully. Adding serious games to the 
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learning environment does not always lead to gamification but to game-based 

learning.  

 

ñGamification is different from Learning Based Games because it takes 

the entire learning process and turns it into a gameò (Al-Azawi et al., 

2016, p.3). 

 

Al-Azawi et al. (2016) emphasize that both gamification and game-based learning rely 

on game mechanics and game-thinking elements. Gamification will transform the 

entire learning process. Meanwhile, game-based learning will transform a single 

learning objective into a game. Therefore, gamification focuses on the learning 

process as a whole, while game-based learning focuses on that part of it. 

Besides the existence of a slight difference, gamification and game-based learning 

can be combined (Matallaoui et al., 2016), for example, by adding games into a 

gamified learning environment. 

Web platforms like https://learningapps.org/ (Fig. 16) allow teachers to create or use 

various game-based learning applications that can be incorporated into the learning.  

 

Figure 16. LearningApps.org main home page. 

 
Conversely, a course (or part of it) can be gamified by shifting all regular traditional 

approaches to a gamified instructional design. Nevertheless, this process can be done 

in different ways: Here are those who implement gamification based on a learning 

platform or apps which provide all necessary elements for involving learners  

https://learningapps.org/
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Some gamification tools are listed in Table 19: 

 

Table 19. List of some gamification tools  

Platforms: Use to gamify a lesson or a 

course 

ClassDojo, Gradecraft, Classcraft, Gametize 

Quizzes: Used for assessment tests or 

assessments 

Quizizz, Drimify, Kahoot!, Socrative, Quizalize 

LMS: Features or plugins can be 

added to LMS 

Level Up XP, Motrain, Block Game 

Other tools Voki, Makebadges, Genially, or Pointagram 

(Pujolà 2021, p.112) 

 

On the other hand, some do not rely on specific software or technology but transform 

all classroom learning activities into gamified ones leading to a joyful and pleasant 

experience. 

Despite its importance, gamification can also be implemented without the exclusive 

use of technology (Pujolà, 2021). 

Hernández-Fernández, Olmedo-Torre, and Peña (2020) gamified some of the 

classroom sessions, which consisted in presentations that could award points: 

 

ñThe gamified courts consisted of a role play with three possible characters: 

presenter (student presenting the work), public (observers) and evaluating 

court. Thus, up to 20,000 points were awarded according to the grade obtained 

in the development of the oral presentation of the work (presenter role) that the 

court evaluated. The courts received 1000 more points for each day in which 

they evaluated and the public could also receive 1000 points per day according 

to their interventions, with a maximum total of 23,000 points (3000 as court and 

public and 20,000 for the presentation). The formative intention of this activity, 

without taking into account its ludic and motivational component, is for the 

students to face one of the main tasks that they must undertake in the future: 

the evaluationò  

(p.10) 

 

Although this model tends to be trivial and simplistic gamification implementation as it 

is only based on the punctuation of the studentôs action, it can be seen as a starting 
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point for finding a creative way to gamify in-class sessions without using technology 

itself. 

2.6.3.2. Gamification with Moodle 
 
Moodle is one of the best LMSs for implementing gamification in learning (Denmeade, 

2015). It has a variety of gamification plugins that can be added and used. Meanwhile, 

within its default functionalities, gamification can also be accomplished. 

Among many functionalities, some of the most used ones are listed below (Denmeade, 

2015): 

¶ Profiles and Avatars: Avatar represents the person playing a game (Kapp, 

2012) so that he/she can manipulate it to look like him/her. Moodle permits a 

user to customize an avatar by editing a profile and selecting an image 

representing him/her during the LMS. 

¶ Activity Loops: It involves a player in a motivational cycle of tasks composed 

of motivation, Action and Feedback.   

In Denmeade's (2015) demonstration, a forum was created to invite people to 

reply with the message ñHelloò, then each person should view and rate other 

usersô avatars (profile) by replying to each forum post (1 to 3). The action is 

ñupdate your profileò, the feedback is the rating received, and motivation is the 

feeling that ñI need to do it because everyone is doing it or I want to know how 

to use Moodle.ò 

¶ Conditional Activities (Passing the gateway): This option restricts access to 

activity until some prerequisites are met. It is done by configuring the settings: 

Conditional activities, Auto-completion, and restrict options.  

As a result, the teacher can create different levels of difficulty, where the lowest 

levels are composed of the most accessible activities. Then after completing it, 

the LMS activate the next level. 

¶ Feedback on progress: Feedback plays an essential role in a gamified 

system. When a player interacts with the game through inputs, the result comes 

back as feedback to him/her, leading to an understanding of the game 

(Deterding, 2013). So, feedback in a learning scenario provides different 

information types to the learner: right/wrong, progress, location, time remaining, 

and other studentsô performance, among others (Kapp, 2012). In Moodle 
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platform, it is accomplished by activating the settings: Assignment Submission, 

Grading Options and Feedback. 

¶ Badges: Besides providing joy or a pleasant surprise, badges symbolise that a 

goal was achieved or progress was made (Zichermann & Cunningham, 2011). 

They can be combined with other elements to enhance the playing experience. 

In Moodle, it is possible to create, group, and define criteria for the assignment. 

For example, a badge may be assigned after reaching a specific ñlevelò.  

¶ Levelling UP (Rubrics): Leveling allows group activities according to their 

degree of complexity or difficulty. To do so, Moodle provides three primary 

settings: Rubrics, Gradebook and an exponential pointing system.  

¶ Groups (Social elements): Social interaction in a gamified learning 

environment can be a powerful motivation tool and lead to better scores 

(Denmeade, 2015). Social elements can be configured in Moodle through the 

options: Groups, Group submission and Group averages.  

 

The identified gamification elements cannot be seen as the only ones for adding 

gaming experience in Moodle. There are a variety of plugins available that can be 

combined with them, and each new version of Moodle brings new functionalities. 

Gachkova, Somova, and Gaftandzhieva (2020) propose a gamified model for Moodle 

LMS (Fig. 17). 

The proposed model starts with the student learning from different resources and 

activities (documents, videos, forums, links, wikis, and pages), followed by an 

assessment. After a successful assessment result, he/she gets a reward (bonus, 

badge, reward, hidden treasure and combo) and earns points resulting in a 

leaderboard ranking update. This process will lead a student to play again and again 

for better ranking and to get additional extras. Figure 17 illustrates a detailed model: 
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Figure 17. Proposed the gamified model for Moodle LMS  
(Gachkova et al., 2020, p.4) 
 

Learning starts with activities related to the context (story/history), explaining the goal 

and how it be done. Those activities are organized in levels where to unlock next-level 

activities, students need to complete the actual one, taking them to a challenge. As an 

option, some tasks can be done in collaboration with others (groups), leading to 

greater motivation. 

In this way, different gamification models can be used with Moodle. However, adapting 

them to the studentôs learning context is crucial because he is the centre of the 

learning, not the teacher. 

 

2.6.3.3. Gamification in learning computer programming  

 
Teaching programming has always been challenging in computer science courses. 

So, there have been a higher number of failures and dropouts in this field, leading 

some researchers to use gamification to motivate learners (Queirós, 2019; Maryono, 

Budiyono & Akhyar, 2022).  Maryono et al. (2022) mentioned the following problems 

students have been facing in programming: 

¶ Lack of interest 

¶ Low motivation 

¶ Difficulty in writing code 
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¶ Difficulty in mastering programming concepts 

¶ Tedious learning process 

¶ Difficulty in mastering support skills 

¶ Low engagement 

¶ Considering the subject difficult 

 

So, gamification is an alternative method to engage and motivate learners to overcome 

some of these problems. 

Thus, different strategies are used to implement gamification in teaching and learning.  

 

In-class session Gamification 

 
It consists in applying gamification elements during classroom interaction.  

Fotaris, Mastoras, Leinfellner, and Rosunally (2016) transformed their one-hour 

theoretical lecture into a gamified one by structuring it into three 20-minute micro-

lectures that consisted of formative assessment in place game scenarios.  

The environment consisted in a competitive TV show, where the host was the 

instructor and students the competitors, through a Kahoot web-based platform. 

Students had to log in through a computer, tablet or smartphone, answer questions, 

and get points, feedback, and a scoreboard. During the game, the instructor could 

pause it and explain a topic. At the end of the game, the instructor downloads the 

studentôs spreadsheet and discusses their answers. So, the main idea is to motivate 

students to make an extra effort to improve their ranking. 

 

Gamification of e-learning/online course 

Gamification has been widely used in e-learning courses for motivating and engaging 

students in distance education. E-learning platforms like Khan Academy, Udemy, and 

Codeacademy use gamification to involve students in a joyful and motivational web-

based learning experience. 

Piteira, Costa, and Aparicio (2018) proposed a theoretical framework for gamified 

online programming courses through a literature review.  

The proposed framework is based on the pillars: course (target audience, general 

goals, expected results, topics, and contents); gamification; cognitive absorption and 

flow; and personality. 
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The goals and outcomes are based on Bloomôs taxonomy. It starts with identifying the 

target audience and following other course elements. Based on these elements, the 

course structure is planned to be clear on how students learn the content online. It is 

accomplished by incorporating educational design principles like Progress 

(Zichermann and Cunningham, 2011), Goals/Challenges (Kapp, 2012), Freedom to 

fail (Deterding et al., 2011), Narrative (Kapp, 2012), Freedom of choice (Deterding et 

al., 2011) and others. 

Game mechanics and dynamics are then combined with contents with the support of 

three other theories: Cognitive Absorption, Flow and Personality. 

According to Piteira et al. (2018), this framework can be used in different online 

courses that use a learning platform, where Moodle is an example. 

 

During the COVID-19 pandemic, Paiva, Queirós, Leal, Swacha and Miernik (2022) 

relied on a gamified web-based framework to deliver a complete ecosystem for online 

programming assignments. Such a platform would be simultaneous: open-source, 

general purpose and a set of meaningful gamification components.  

The platform consisted of a web-based type, which can be easily customized for any 

online programming subject, named FGPE (Framework for Gamified Programming 

Education). 

 

It has different user interfaces for teachers and students. A teacher logs in and can 

set up a game, manage and monitor studentsô tasks and profiles, and manage 

submissions and evaluations. 

Studentôs user interface permits to write a code (Code Editor), execute it (Console) 

and see the results of performance (Statement Viewer). It also provides other 

information: leaderboards, notifications, and profiles which also illustrate gamified 

components like badges, achievements, virtual items, points, and course progress.   

 

Similarly, Kasahara, Sakamoto, Washizaki, and Fukazawa (2019, July) applied 

gamification in a web-based platform that automatically analyses submitted 

programming codes, giving a score and a leaderboard. It consisted of a ñjudge systemò 

which runs and tests programming codes using software engineering code metrics 

(Fig. 18): 
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Figure 18. Gamified web-based platform  
(Kasahara et al. 2019, p.93) 

 

Students were allowed to try many times to update the score and leaderboard. It aimed 

to motivate students to program better codes (algorithms). Results suggested that 

leaderboards did not influence the final grades. 
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2.7. Combining Flipped Classroom and Gamification  

The combination of flipped classroom and gamification has been the focus of recent 

studies where the main goal was to add motivation and engagement during self-

studying and in-class activities. 

 

2.7.1. Early approaches 

Latulipe, Long, and Seminario (2015) used a flipped classroom and group studying, 

adding gamification. Their context was programming courses, and they used a 

gamified flipped classroom to increase studentsô engagement. Moodle was used to 

rank different groups, offer quizzes, and manage student activities. Students were 

divided into groups to increase socialization among them. They concluded that 

combining those three elements led to positive experiences as they conducted surveys 

to collect early and late feedback. The late feedback got higher scores than the earlier 

one. 

In the same direction, Garnett and Button (2007), as well as Johnson (2013), used 

Moodle gamification elements (quiz, leaderboard, checklist) in a flipped classroom to 

check the studentôs perceptions. They were surveyed with questions which allowed 

students to describe their perceptions and feedback about the process. They got 

positive results as students enjoyed the experience and felt engaged in class activities. 

In all of the early research projects, as in Latulipe et al. (2015), Garnett and Button 

(2007) as well as Latulipe et al. (2015), no distinct scenarios have been used for 

comparison (for example, traditional and gamified flipped classrooms). 

Many studies attempted to use some Moodle tools (quizzes, leader board) for 

gamification in FC.  

However, there were researches in which a completely gamified flipped classroom 

environment was used, and Moodle was a part of it rather than the whole environment. 

So, the whole learning process would be gamified (not only partial processes related 

to Moodle). 

The latest approaches use a GFC environment for in-class sessions with the help of 

technology. 
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2.7.2. Latest approaches  

Hasan et al. (2018) conducted a study about gamified flipped classrooms using 

Moodle LMS and Kahoot application. It consisted of the following environment: 

¶ Prepare videos, upload them on YouTube and integrate them in Moodle so that 

students watch them before attending in-class sessions. Badges and Quizzes 

were added for gamification. 

¶ In-class sessions were conducted by setting up cooperative learning quiz tasks 

(groups of 3 or 4) supported by the Kahoot application. Additionally, groups had 

to cooperate to solve competitive educational programming games using 

languages like Java, Scratch, Captive, and Camtasia. A target audience could 

play the developed games to improve them. 

¶ At the end of the semester, a jury of experts evaluated those educational games 

and provided a report. 

 

So, in this approach, in-class sessions were gamified with support to LMS or learning 

games. Similarly, Zamora-Polo et al. (2019) combined FC with gamification in General 

Science subjects in some relevant topics. They used FC to improve classroom time 

so that students could develop complex concepts during that time: 

 

¶ The teacher uploaded YouTube videos so that students could watch them 

before attending in-class sessions. 

¶ During in-class sessions: The initial 20 minutes were reserved for doubts 

clarification, followed by another 20 min used by the instructor to develop the 

new content in an oral method. Then, the next 40 minutes consisted of 

cooperative tasks for problem-solving. 

¶ Then, the last part of the lecture consisted of game-based activities for 

motivating students to the newly discussed content. Such gamified activities 

consisted of the following strategies: Board games like TabooTM or Timeôs up!TM  

adapted to course contents; Match and find cases; Educative escape room; 

Competitive questionnaires with KahootTM, SocrativeTM, QuizzizTM ; Scientific 

coffie and Collaborative Problem Jigsaw. 
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All those game-based activities allowed students to compete, collaborate and earn 

points. Those points gave them benefits at the final exams. 

LMS was used to share content so that students could access them before class. 

Thus, gamification uses game components during in-class sessions to involve 

students. One of the most notable works in gamified FC is the one done by Sailer and 

Sailer (2021). In this work, FC was combined with gamification, focusing on in-class 

sessions supported by a gamified quiz with points and leaderboards. The learning 

environment consisted of the scenario below (Fig. 19): 

 

 

Figure 19. FC model proposal for GFC  
(Sailer and Sailer, 2021) 

 

A week before in-class sessions, the tutor shared a link containing the content to be 

discussed using a video lecture that covered theories and empirical results. It 

consisted of a set of 31 slides corresponding to 28 minutes session. Thus, the goal 

was to get students prepared for in-class sessions. 

In-class activities started with a 7-minute pre-test about studentsô prior knowledge of 

pre-class shared presentations. Then, the remaining time consisted of training through 

collaborative quiz solving as illustrated below (Fig. 20): 
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Figure 20. A gamified model proposal for GFC  
(Sailer and Sailer, 2021) 
 
Students were organized into two teams competing to solve web-based quiz questions 

related to the lecture using electronic devices like tablets or smartphones. During the 

competition, groups could win points for correct answers and get immediate feedback 

and a leaderboard. The winning team was announced at the end of the lecture, and 

the solution for each question was presented. 

 

Table 20 shows an overview of GCF implementation and some of those findings:
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Table 20. GFC studies and findings 

Author Game design elements Activity sessions 

Hasan et al. (2018) Badges Out-class: Interactive video lectures through Moodle (with multi-choice 

questions) 

In-class: Quiz (Kahoot), active project development (game software) 

Zamora-Polo et al. (2019) Points Outclass: Video Tutorial + Parallel game 

In-class: Different game competitions (Match and find, Jigsaw, scientific 

coffee, quizzes) 

Gómez-García et al. (2020) Badges, Levels Out-class: Videos (Edpuzzle software) 

In-class: Practical activities through Moodle LMS 

Sailer and Sailer (2021) Points, leaderboards Outclass: Video lecture link 

In-Class: Gamified quiz  

Ng and Lo (2022) Points, Badge, 

leaderboards 

Out-class: Video lectures (review and multi-choice quiz) GFC 

In-Class: Study case solving, assignment discussions and challenges 

(badges obtained in Qitoupiao leaderboard software) 
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Studies from Hasan et al. (2018), Zamora-Polo et al. (2019) and Sailer and Sailer 

(2021) have common aspects:  

 

¶ Gamified FC starts at home: Students have to access learning material and get 

prepared through a task, problem or quiz. 

¶ In-class sessions were converted to a gamified environment, where students 

were involved in gamified activities related to learning material. Most GFC 

learning environments opt to gamify in-class sessions rather than out-class 

ones (Smith, Legaki & Hamari, 2022).  So, there is a strong relation between 

pre-class activities and gamified tasks during in-class.  

¶ They all focused on collaborative gamified tasks. Students had to cooperate to 

get better results during the competition. 

 

Most do not rely on the simplistic FC approach, where students have to watch videos 

without a specific study case or problem-solving. Bergmann and Sams (2014) have 

argued that FC is not about watching videos only. So, they focused on enhancing pre-

class sessions by adding activities like interactive videos, quizzes, and puzzles.   

 

So, although classes were flipped to allow students to be ready for in-class gamified 

activities, such flipping could combine FC with other active methods so that students 

could watch videos and be engaged. Kirch (2016) proposed the WSQ (Watch 

Summarize Question) model for FC so that students could prepare questions and a 

pre-class summary while watching videos. Similarly, Schmitz (2016) proposed a 

combination of FC with methods like problem-based learning, Peer Instruction (PI), 

and Project-based learning so that pre-class activities will be associated with a 

problem or study case. 

 

So, in a GFC environment, game design elements could also be applied in pre-

classes, in-class and post-class sessions (Fig. 21): 
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Figure 21. GFC in FC moments 

 
Sulong, Ibrahim, Abas, and Bakar (2021) systematically reviewed gamified flipped 

classrooms. It involved an analysis of 20 articles about gamified FC from 2015 to 2020. 

The study revealed: the most used online platforms, the most used gamification 

elements and the impact on studentsô learning. 

 

2.7.2.1. Used game design elements in GFC 

 
According to studies from Sulong et al. (2021), the most used game design elements 

are Badges, levels, leaderboards, points and progress, as shown below (Fig. 22): 

 

 

Figure 22. The most used gamification elements in GFC  
(Sulong et al., 2021, p.27) 
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This fact was also verified in Smith et al. (2022)ôs systematic review of GFC and in 

Ekiciôs (2021), where the mechanics, points, badges and leaderboards were the most 

used. However, it does not mean that those three elements are to be used in all GFC 

but to facilitate the choice of which gamification elements can be used for novice 

instructors. Furthermore, these three elements are essential in providing feedback to 

learners, thus motivating them. Table 21 illustrates the type of feedback related to 

each of them: 

 

Table 21. Type of feedback for some game mechanics  

Game design element Feedback Description 

Points Granular feedback - Rewards for specific 

actions and participation in 

learning exercises 

- Encouragement for 

pursuing optional and 

increasing difficulty levels of 

tasks. 

Badge Sustained feedback Rewards and recognition for 

progress and contributions 

to problem-solving exercises 

in the activity group (e.g., 

case studies) 

Leaderboard Cumulative feedback Ranking for learners in 

activity groups according to 

total badges earned. 

(Ng and Lo, 2022, p.5) 

 

According to Ng and Lo (2022), points provide granular feedback from studentsô tasks 

or activities. Badges provide sustained feedback to reward studentsô progress and 

contributions during collaborative tasks. Leaderboards award cumulative feedback in 

a group-based format by displaying a cumulative number of badges gained during the 

course. 

The analysis of game design elements in Table 22 confirms that, similarly to Sulong 

et al. (2021) and Smith et al. (2022), points, badges and leaderboards are on top 

preference in GFC learning environments. 
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2.7.2.2. Used platforms in GFC 

 
Different platforms were used for supporting both out-class and in-class activities. 

According to Sulong et al. (2021), Moodle was the most used, followed by YouTube 

and Kahoot!, Indicating that more than half (54%) of the percentage is occupied by 

those top three. These results are pretty similar to those found by Ekici (2021), where 

the top three were Moodle, followed by Kahoot and Blackboard.  

 

2.7.3. Impact of GFC on studentôs learning 

The combination of FC and gamification has impacted the learning process, so 

different authors have investigated this combinationôs effectiveness in the following 

factors: student achievement or performance, engagement, attitude and motivation. 

Most of them found that the application of GCF improved those factors. 

Table 22 illustrates some different studies and findings regarding GFC in learning: 

 

Table 22. Studies and findings regarding GFC in learning  

Studies Findings 

Matsumoto (2016) GFC led to a positive impact on studentôs learning attitude  

Hasan et al. (2018) Teacher candidates demonstrated positive attitudes as well 

as an increase in motivation in code training after GFC 

Zamora-Polo et al. (2019) GFC led to Improvement in studentôs perception and 

motivation  

Gómez-García et al. (2020) Studentôs motivation, autonomy and self-regulation 

increased after GFC 

Sailer and Sailer (2021) A positive indirect effect of gamification in learning process 

performance. During in-class sessions, gamification led to a 

positive effect on intrinsic motivation and social relatedness 

but no significant effect on competence need satisfaction. 

Ng and Lo (2022) GFC led to the higher perceived learning and engagement 

(Sulong et al., 2021, p.28) 

 

Most of these authors got positive results after the implementation of GFC. Thus, 

combining these two methods can boost studentsô commitment to learning. 

However, some researchers found different results. Based on Sulong et al. (2021) 

systematic review, it could be observed that studies from Zamora-Polo et al. (2019) 
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revealed that besides GFC having a positive impact, students still had difficulties 

understanding the subject. This fact implies that implementing GFC will not always 

guarantee positive results, even though most authors got positive ones. It depends on 

the context and the way it was implemented.  So, in addition to motivation and learning 

outcomes (or performance), other elements are being investigated in GFC. In Ekici's 

(2021) systematic review, variables like participation, perception, leadership, 

engagement, and others were also investigated. 

Table 23 illustrates other variables studied in a GFC learning environment. 

 

Table 23. Other GFC studies and variables 

Variable Article 

Achievement / 

Learning performance 

Aĸēksoy (2018); Barlow and Fleming (2016); Chen and Hwang 

(2019); Toriz (2019); Tsay et al. (2018); Tsay et al. (2019); 

Yildirim (2017); Zainuddin (2018);  

Motivation Ang et al. (2018); Aĸēksoy (2018); Hung (2018); 

Turan and Gºktaĸ (2018); 

Zainuddin (2018); Zainuddin et al. (2019); Zamora-

Polo et al. (2019); 

Gómez-Carrasco, Monteagudo-Fernández, 

Moreno-Vera and Sainz-Gómez (2019) 
 

Attitude Özer et al. (2018); Yildirim (2017) 

Self-confidence Forndran and Zacharias (2019) 

Self-regulation Chen and Hwang (2019) 

Self-efficacy Ang et al. (2018) 

Collective-efficacy Chen and Hwang (2019) 

Perception Aĸēksoy (2018); G·mez-Carrasco et al. (2019); 

Hung (2017); Zamora-Polo et al. 

(2019) 
 

Participation Huang and Hew (2018); Jo et al. (2018) 

Artifact quality Huang and Hew (2018) 

Leadership Toriz (2019) 

Learning approach Tsay et al. (2018) 

Engagement Tsay et al. (2018); Tsay et al. (2019) 

Anxiety Hung (2018) 

Emotion Zamora-Polo et al. (2019) 

Competence Estriegana et al. (2019) 

(Ekici, 2021, p.333) 
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Chapter III ï COUNTRYôS BACKGROUND 

This chapter will present the countryôs general information and touch on higher 

education, flipped classrooms, and gamification. 

 

3.1. Mozambique 

Mozambique is located in southeastern Africa, bordered by the Indian Ocean at the 

east, Tanzania at the north, Malawi and Zambia at the northwest, Zimbabwe at the 

west and Eswatini and South Africa in the southwest (WIKIPEDIA, 2021). The map 

below (Fig. 23) shows details of the Mozambican map design: 

 

 

Figure 23. Mozambique map  
(https://www.openstreetmap.org/) 
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The official language is Portuguese. However, there is a variety of local languages 

spoken in different provinces like xichanga, xironga, xitswa, Cicopi, cinyanja, 

cinyungwe, cisenga, cishona, ciyao, echuwabo, ekoti, elomwe, gitonga, maconde (or 

shimakonde), kimwani, macua (or emakhuwa), memane, suaíli (or kiswahili), suazi (or 

swazi) (Portal do Governo de Moçambique, 2021). 

 

The capital, Maputo, is located in Maputo province. Table 24 shows each province 

and respective region: 

 

Table 24. List of provinces of Mozambique  

Region City 

 

North 

Niassa 

Cabo Delgado 

Nampula 

 

Center 

Zambézia 

Tete 

Manica 

Sofala 

 

South 

Inhambane 

Gaza 

Maputo 

(https://www.portaldogoverno.gov.mz/por/Mocambique/Informacao-Geral) 

3.2. Higher Education in Mozambique 

After independence (1975), Mozambique had only one university, the Universidade 

Eduardo Mondlane (UEM), built during the colonization era and was called 

Universidade Lourenço Marques. However, driven by the need for teacher training for 

education expansion Higher Pedagogical Institute was created in 1985, which was 

then turned into a university in 1994, the Universidade Pedagógica (UP) (Chavale, 

2021; Duarte & Bastos, 2016). 

 

According to Ministério da Ciência, Tecnologia e Ensino Superior (2022), Mozambique 

has a total of nine public universities and ten private ones. The public universities are 

listed below: 

¶ Universidade Eduardo Mondlane (UEM) 

¶ Universidade Pedagógica de Maputo (UP-Maputo) 

¶ Universidade Save (UniSave) 



86 
 

 
 

¶ Universidade Púnguè (UniPúnguè) 

¶ Universidade Licungo (UniLicungo) 

¶ Universidade Rovuma (UniRovuma) 

¶ Universidade Joaquim Chissano (UJC) 

¶ Universidade Zambeze (UniZambeze) 

¶ Universidade Lúrio (UniLúrio) 

 

3.3. From UP to UP-Maputo 

Universidade Pedagógica (UP) expanded its delegations to all provinces in the 

country, making its management increasingly complex. Motivated by this aspect, the 

council of ministers extinguished UP through decree no. 2/2019, resulting in its division 

into five universities:   Universidade Pedagógica de Maputo (UP), Universidade Save 

(UniSave), Universidade Púnguè (UniPúnguè), Universidade Licungo (UniLicungo) 

and Universidade Rovuma (UniRovuma). 

Since then, UP has become Universidade Pedagógica de Maputo, UP-Maputo, or 

UniMaputo. 

The main goal of UP-Maputo has been teacher training, being the leading university 

dedicated to this cause. However, its mission goes beyond education, extending its 

field of actuation to other areas like Economy/Management, Engineering, 

Environment, Communication and Art, which resulted in 8 existing faculties: 

¶ Natural Sciences & Mathematics 

¶ Social Sciences & Philosophy 

¶ Educational Sciences & Psychology 

¶ Environmental Sciences 

¶ Physical Education and Sport Sciences 

¶ Language, Communication and Art Sciences 

¶ Economics and Management 

¶ Engineering and Technology 
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3.4 Flipped classroom and gamification in Mozambique 

It is undeniable that studies about FC and Gamification have been increasing. 

However, in under-developing countries like Mozambique, studies are still gaining 

ground. Several authors have been doing research on FC in Mozambique's learning 

and teaching process.  

Dutra and Sitoie (2020) have used FC with Moodle LMS and WhatsApp during the 

COVID-19 pandemic for a masterôs degree subject of Applied Statistics for 

Environmental Sciences at Universidade Save. Studentsô perceptions were positive 

since the majority approved the used learning approaches. Similar research was done 

by Mura and Simão (2021). They combined FC with other tools like Google Forms, 

Youtube, Moodle, and Kahoot, in the 3rd year computer science course of 

Universidade Católica de Moçambique. Results indicate that most students could use 

these technologies and the most preferred ones were Kahoot, Padlet, Moodle and 

YouTube. This study also identified that the low Internet signal provided by the 

institution was a critical factor. These two kinds of research and others like Fortes, 

Beirão, Raimundo, and Chau (2021) can be classified as recent, looking at the 

temporal time. They may have been influenced by the COVID-19 pandemic, as FC 

and other innovative learning gained interest as an alternative strategy for non-contact 

lectures during this period. Before this period, few studies in Mozambique investigated 

FC.  

A similar fact was observed regarding gamification, as few published works are 

investigating it in Mozambique. One of them is Francoôs (2022), who investigated how 

gamification can engage students in distance education in Mozambique. Although it 

gave baselines for implementing gamification in Mozambique, it consisted of literature 

review research, with no study case implementation that could imply some gamified 

context adaptation to Mozambican reality. 

Looking at UP-Maputo, most studies are related to distance education, driven by the 

distance education course offered. Studies like Tumbo and Silva (2018) and Tumbo 

(2018) have relied on identifying the conditions students have for accessing online 

content and possible baselines for better implementation of this environment. 

The current research gave the initial steps for implementing FC and gamification in 

UP-Maputo, giving the first studentsô impressions about this combination and the 

guidelines for its adaptation in this context. 
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Chapter IV OBJECTIVES, RESEARCH QUESTIONS AND HYPOTHESES 
 

This chapter presents the objectives, research questions and hypotheses of the study. 

 

4.1. Objectives 

The objectives of the study are:  

¶ To design and implement a learning environment for programming courses in 

Mozambique using elements of flipped classroom and gamification;  

¶ To evaluate studentsô perceptions of gamified flipped classrooms; and 

¶ To investigate the effect on learning outcomes and motivation concerning day 

and night classes using a gamified flipped classroom environment.  

 

4.2. Research Questions: 

1) How should a gamified flipped classroom be designed to be appropriate for 

programming courses in Mozambique?  

 

2) What are the studentsô perceptions of using a gamified flipped classroom in 

Mozambique? 

 

3) What is the effect of a gamified flipped classroom on motivation and learning 

outcomes compared to a traditional classroom setting? 

 

4.3. Hypotheses 

Halili and Zainuddin (2015) argue that FC can be applied in areas with limited Internet 

access, suggesting that media like DVDs can be used for sharing content with 

students. 

It has been one of FCôs common concerns since activities outside the classroom rely 

on technology. So, content should be available to students in various formats like 

laptops, tablets, smartphones or DVD players (Danker, 2015). 

Sandhu, Sankey, and Donald (2019) proposed a low-bandwidth flipped classroom 

based on mobile responsive LMS. So, these different approaches and 
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recommendations can be adapted to Mozambican reality since it is technologically 

growing, where Internet access is limited. However, DVDs have become obsolete, 

forcing students to rely on other accessible alternatives. So, this fact led to the 

hypothesis next: 

 

H1: The GFC learning environment should be designed following the specific 

Mozambican student context, which is moulded by a lack of resources and difficulties 

accessing Internet services.  

 

Studies from Zamora-Polo et al. (2019) and Aĸēksoy (2018) led to positive student 

perceptions regarding the GFC learning environment. However, adapting it to the 

Mozambique context can be challenging (limited Internet, lack of resources, weak ICT 

infrastructure). Thus, Mozambican studentsô perceptions of GFC would help develop 

the desired adapted learning environment, focusing on that feedback. So, based on 

positive results from previous studies and the necessity of adapting GFC through 

student feedback, the hypothesis below was formulated:  

 

H2: Mozambican students will positively perceive the use of flipped classrooms with 

gamification (GFC). 

 

Studies that applied the combination of gamification and flipped classrooms got 

positive results when the object of study was motivation. Studies from Zamora-Polo et 

al. (2019) and Sailer and Sailer (2021) proved that this combination could increase 

student motivation. It leads to the following hypothesis: 

 

H3: Students will be more motivated during the gamified flipped classroom over the 

traditional one.  

 

Aĸēksoy (2018) studies indicated that combining FC and gamification can positively 

affect learning achievement.  

 

H4: Learning outcomes will be higher when using GFC than in a traditional learning 

environment. 
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According to Andreoli and Martino (2012), earlier wake-up time of night shift students 

(Fig. 24) can cause low academic performance. It is related to short sleep time as 

night shift students usually need to wake up early for work.  

It led to the hypotheses below: 

 

H5: Students from day classes will be more motivated and have higher evaluation 

scores in learning outcomes than the night shift classes during the gamified flipped 

classroom. 

 

 

Figure 24. Night shift class during programming lecture at UP-Maputo 
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Chapter V METHODOLOGY 
 

Research methodology conducts the course of the research, stating the guidelines for 

reaching the previously defined goals. In the current chapter, the methodology 

consists of 6 parts:  the research design, the design-based research, the pilot study, 

the student perception analysis, the log file analysis, and the experiment (quasi-

experiment). 

5.1 Research Design 

At the beginning of a study, it is crucial to make a plan before taking action. So, 

research design can be seen as a structured plan for the research.  

 

ñResearch design can be considered as the structure of research it is the ñGlueò 

that holds all of the elements in a research project together, in short it is a plan 

of the proposed research workò (Akhtar, 2016, p.1). 

 

Research design questions: what, where, when and how much needs to be considered 

in decision-making (Kothari, 2017). 

In the same vein, Akhtar (2016) argues that a research design should provide the 

answers to the following questions: 

 

(i) What is the study about, and what type of data is required? 

(ii) What is the purpose of the study? 

(iii) What are the sources of needed data? 

(iv) What should be the place or area of the study? 

(v) What time, approximately, is required for the study? 

(vi) What should be the number of materials or cases for the study? 

(vii) What type of sampling should be used? 

(viii) What method of data collection would be appropriate? 

(ix) How will data be analyzed? 

(x) What should be the approximate expenditure? 

(xi) What should be the specific nature of the study? 

 



92 
 

 
 

So, a research design should include a study design and logistical arrangements, 

measurement procedures, sampling strategies, frame of analysis and time frame 

(Rinjit, 2020). 

So, Rinjit 2020) argues that the primary goal of research design is to answer the 

research questions. This way, the following flow chart was designed to answer RQ1, 

RQ2 and RQ3. 

It consists of a graphic representation of the core strategies used during the research 

(Fig. 25) from a global perspective, where details about each will be explained 

separately. 

 

 

Figure 25. Research design 

It consisted in selecting the target population for the research. Then the DBR consisted 

of a set of iterations, where each iteration consisted in preparing and implementing a 

learning environment. At the end of each iteration, results were collected, processed, 

and discussed. Results consisted of studentsô perceptions and log file analysis. After 

a set of 3 iteration implementations, RQ1 and RQ2 were responded to. Then, before 

using the final learning environment, there was a need for one last iteration (iteration 

4) to test it and collect studentsô perceptions about the learning environment before its 

implementation in the quasi-experiment. 

The last phase consisted of implementing the designed final learning environment in 

the quasi-experiment, focusing on motivation and learning outcomes, and responding 
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to RQ3. The following topics will explain the detailed methods of each flow chart 

element. 

5.2 Population/local of study 

The study occurred at Universidade Pedagógica, now called Universidade 

Pedagógica de Maputo (UPM or UP-Maputo). UP-Maputo has its historical premise in 

teacher training, although after its name changed from UP to UP-Maputo, its mission 

shifted to training technicians in other fields. The Computer Science course has three 

minors: Networking Engineering, System Information Development and Teaching. 

To conduct a proper study, the collected sample had to be representative.  

Table 25 describes the number of students involved in different phases. 

 

Table 25. Number of students involved in all phases of the study 

Iteration Count Shift Year 

Iteration 1 43 Night 2016 

Iteration 2 66 Day 2017 

Pilot study 295 Day 2017 

Iteration 3 50 Day 2018 

Iteration 4 85 Day and Night 2018 

Experiment 46 Day and Night 2019 

 

5.3 Design-based Research 

Design Based Research (DBR) has been widely used in education research, providing 

practical guidelines for testing learning artefacts. 

 

ñDesign Research (DR) consists of activities concerned with the construction 

and evaluation of technology artefacts to meet organizational needs as well as 

the development of their associated theoriesò (Cole, Purao, Rossi & Sein, 2005, 

p. 3). 

 

ñAction Design Research is a research method for generating prescriptive 

design knowledge through building and evaluating ensemble IT artefacts in an 

organizational settingò (Sein, Henfridsson, Purao, Rossi & Lindgren, 2011, p.4). 
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Although some authors call it Design Research (Cole et al., 2005) or Action Design 

Research (Sein et al., 2011), all converge to the fact that it consists of testing and 

developing artefacts through iterations. Such artefacts may be from different fields or 

dimensions like Technology, Education, Health or Social Science. 

From the perspective of the learning process, DBR can be used for testing and 

developing learning context (The Design-Based Research Collective, 2003). 

According to this collective, DBR can help define the proper guidelines for designing 

innovative learning environments. 

 

ñThe authors argue that design-based research, which blends empirical 

educational research with the theory-driven design of learning environments, is 

an important methodology for understanding how, when, and why educational 

innovations work in practiceò (The Design-Based Research Collective, 2003, p. 

05).   

 

Based on the above statement, it is assumed that DRB plays an essential role in 

testing learning innovations in a systematic way, mostly called ñinterventionsò. 

Anderson and Shattuck (2012) emphasize that the intervention should be done 

collaboratively, involving both the researcher and the practitioners. 

 

5.3.1 DBR implementation 

DBR interventions follow a set of stages or steps in an iterative process. Herrington, 

McKenney, Reeves, and Oliver (2007) propose the following guidelines (Fig. 26): 
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Figure 26. DBR guidelines  
(Herrington et al., 2007, June, p. 2). 

 

According to the above guidelines, a DBR process starts with analyzing the problem, 

which involves identifying the educational problem. According to Herrington et al. 

(2007), it involves the following elements: State of the problem, Consultation with 

researchers and practitioners, research questions and literature review. 

 

The second phase consists of the ñdevelopment of solutions informed by existing 

design principles and technological innovationsò (Herrington et al., 2007). This phase 

involves developing the first ideas (draft) of the intervention process, indicating the 

theories involved and how the intervention will be conducted. 

 

The third phase consists of the iterative cycles of interventions, each consisting of 

implementing the artefact, followed by data collection and analysis. Herrington et al. 

(2007) reinforce the idea that different methods can be used for treating data, following 

both qualitative and quantitative types. 

 

The last phase consists of a reflection, producing the final output, a piece of knowledge 

or a product (Herrington et al., 2007). 

In the same direction, Sein et al. (2011, p.05) proposed stages for a DBR (Fig. 27) 
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Figure 27. DBR stages  
(Sein et al., 2011, p. 5) 

 
Sein et al. (2011) proposal for DBR relies on the following stages: building, 

intervention, and evaluation (stage 2) are based on previously stated problems (in 

stage 1). In every cycle, a reflection is done, where stage 1 or 2 may suffer some 

alterations depending on the preliminary results. After building the final solution, it 

moves to stage 4, which will go over the experiment using the final solution. So, based 

on the steps proposed by Herrington et al. (2007), the thesis was guided by the 

following stages (Fig. 28):  

 

 

Figure 28.Design-Based Research Cycle  
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(Herrington et al., 2007, p. 2). 

5.3.2. Stage 1 ï State of Problem, Research Questions and Literature review 

about gamification and flipped classroom: 

Herrington et al. (2007) recommend that this stage relies on the historical background 

and convincing arguments for a problem to be researched. Following this approach, 

Chapters I, II and III presented a Theoretical framework about Flipped Classrooms, 

gamification, SDT), and problems of programming subject courses in Mozambique 

were analyzed and related to the theories. 

 

 

5.3.3. Stage 2 - Development of Initial gamified flipped classroom learning 

environment: 

The initial learning environment was prepared based on existing and relevant literature 

by researching the guidelines for a gamified flipped learning environment provided. In 

this vein, the initial environment was based on studies from Latulipe et al. (2015), 

Matsumoto (2016) and Garnett and Button (2007), where the GFC learning 

environment was based on an LMS platform for outside interactivity as well as for 

gamification elements. Students had to access learning materials before in-class 

sessions through the chosen LMS. Looking at the Mozambican context, Moodle was 

used as the primary LMS for sharing content and gamification elements. That 

approach was the starting point for the initial GFC environment used in Iteration 1 (Fig. 

29). 

 

Figure 29. Initial GFC learning environment 
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5.3.4. Stage 3 - Iterative Cycles 

The gamified flipped classroom was designed using Design Base Research (DBR) in 

successive iterations (cycles), where each iteration resulted in a learning environment. 

The purpose was to develop a learning environment compatible with Mozambiqueôs 

reality, which would respond to research question 1 (RQ1).  

Each iteration resulted in three elements: Learning environment implementation, result 

analysis and discussion.  

So, learning environment implementation combined Flipped Classroom and 

Gamification, adapted by Mozambican context in some selected topics from the 

Object-Oriented Programming subject. So, DBR cycles were used to find the most 

suitable learning environment for Mozambican reality based on studentsô contributions 

about their feelings or ideas.  

The result analysis consisted of processing and interpreting studentsô perceptions 

about the user environment, which led to response research question 2 (RQ2).  

These perceptions were collected through a Focus group interview and an open-

ended questionnaire. They were processed using Qualitative Content Analysis 

(Mayring & Fenzl, 2014) through inductive category development. It consisted of 

extracting categories from given answers (texts), reducing them to more condensed 

categories and analyzing their frequencies to answer RQ1 and RQ2.  

The result discussion presented the significance or meaning of the interviews 

processed previously. That discussion gave the baselines for the following iterations. 

The next iteration had to consider the studentôs perception verified in the previous one 

since the learning environment should present improvements.  

 

There were three iterations: Iteration 1, Iteration 2 and Iteration 3. An additional 4th 

iteration was implemented before the experiment. 

The gamified flipped classroom was implemented in two-course plan topics in all 

iterations. This approach matches with Green et al. (2017), Roehling (2017) and Leicht 

et al. (2012). 

According to these authors, flipping parts of the course plan allows instructors and 

students to identify the topics that fit better for this model in a gradual manner. It was 

accomplished by DBR iteration cycles. 
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 All iterations had to be structured the same way instead of shifting afterwards to a full 

course implementation, as Leicht et al. (2012) recommended.  

ATLAS.ti software was used to process qualitative data (student perception) in each 

iteration to respond to RQ2. MS Excel was additionally used for data processing.  

The learning environment designed and implemented in Iteration 1 and 2 used flipped 

classroom as the primary model, with some gamification elements. The idea was to 

gradually add gamification elements in the flipped classroom environment because 

the flipped classroom was still new in Mozambique degree classes. It was necessary 

to allow students to become familiar with the flipped classroom and combine it with 

gamification elements.  

 

5.3.5. Iteration 3ôs pilot study 

After implementing GFC using a base learning environment in Iterations 1 and 2, it 

became clear that the ñtechnologyò factor needed to be investigated, as students had 

difficulties accessing the learning content provided in LMS. So, before Iteration 3, a 

pilot study was conducted to understand how students access different Internet 

services at home and UPM.  

The ñCampus de Lhangueneò campus was chosen because it was the one with the 

highest number of students, where almost all courses take place 

For this purpose, a basic questionnaire was prepared, where a total of 295 students 

were randomly interviewed during break time at the main campus of UPM (Campus 

de Lhanguene). 

It consisted of a structured interview questionnaire. Unlike an open-ended interview, 

a structured one allows the interviewer to answer limited and controlled questions 

(Fontana & Frey, 1994). As a result, it was mainly composed of multi-choice questions 

except for questions 1.1, 1.2 and 4, where the student had to write an answer. 
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The proposed questionnaire is included in Appendix 1. It had four groups of questions:  

 

¶ GENERAL PURPOSE QUESTIONS: A set of generic questions related to 

interviewer identification and Internet access frequency. 

 

¶ QUESTIONS ABOUT THE USE OF COMPUTER AT HOME: Questions which 

collect data about studentsô access to Internet services like WhatsApp, 

Facebook and YouTube, bandwidth and tools used for web access. 

 

¶ QUESTIONS ABOUT THE CONDITIONS OF USE OF 

INTERNET/COMPUTER AT UNIVERSITY:  Questions that provided 

information about studentsô access to the Internet at the university campus. The 

main goal was to get their perception about the facilities available, which were 

Internet connection and computer farm. 

 

¶ ADDITIONAL INFORMATION: Additional data that could be combined with the 

previous group: Age, gender and semester.  

 

Data Processing: Qualitative data was processed quantitatively in MS Excel and 

SPSS. MS Excel was used to process data using the stacked bar tool, facilitating its 

interpretation. SPSS was used to calculate each question's descriptive statistic 

ñfrequencyò to verify the percentage. 

For better interpretation, responses were reorganized into groups (Table 26): 

 

Table 26. Questionnaire questions group organization 

GroupID Group Question 

Group 1 Computer science studentôs condition Q1.3, Q2.1, Q2.3, Q3.1  

Group 2 Studentôs Feelings about Internet connectivity Q3.3, Q2.4,  

Group 3 How frequently do students use some Internet 

services 

Q2.5, Q2.6, Q2.7, Q3.2, 

Q1.3 

 

Group 1 refers to questions related to student conditions regarding access to Internet 

services. They were processed using descriptive statistics frequencies and 

percentages. 
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Group 2 relates to studentsô perception of Internet connectivity at home and university 

campuses. They were interpreted through a stacked bar. 

Group 3 is composed of questions about Internet use and its services (how frequent). 

Data were processed through a stacked bar. 

Although Computer Science students were the main target of the pilot study because 

the research took place in that course, students from other courses were also included 

in this study. The main reason for including them is that the designed learning 

environment should consider Computer Science students and other coursesô context. 

It led to quantitative analysis for both groups, where graphics were compared to 

understand their differences or similarities. 

So, iteration 3ôs learning environment was designed to look at interview results, 

resulting in an environment compatible with the studentôs context. 

5.3.6. Stage 4 Final Learning Environment Reflection 

Stage 4 sets the final reflection about the designed learning environment, generalizing 

the gathered results. So, it can be assumed that the result of this phase was a 

generalization of the learning environment.  

 

ñResearcher outline the accomplishments realized in the IT artefact and 

describe the organizational outcomes to formalize the learningò (Sein et al., 

2011, p.08). 

 

So, the generalization of the learning environment consisted of reflection on the results 

of all three iterations. It led to responses to RQ1 and RQ2. 

RQ1 was responded to through a cross-literature review and resulted from iterations 

to identify the fundamental principles for a learning environment that could be 

compatible with the Mozambican context. Those design principles should ñcontain 

substantive and procedural knowledge with comprehensive and accurate portrayal of 

the procedures, results and context, such that readers may determine which insights 

may be relevant to their own specific settingsò (Herrington et al., 2007, p. 07).  

So, to identify the proper GFC learning environment for the Mozambican context, the 

following research methods were used: literature review, student perceptions analysis, 

observation, document analysis and Log file analysis. 
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i) Literature review: During iterations, different works were consulted to 

identify a suitable GFC model for the Mozambican context. 

 

ii) Student perception analysis: Results of studentsô perception in all 

iterations were used to identify the elements of success or unsuccess for 

a proper learning environment. It involved analyzing positive and 

negative perceptions about their feelings during GFC classes. 

 

iii) The observation consisted of a structured look at student classrooms, 

computer laboratories and facilities. 

 

iv) Document analysis: It consisted in exploring UPMôs Computer Science 

curriculum. The main objective was to identify elements that could be 

used with flipped classrooms and gamification so that the designed 

learning environment would consider its specifications.  

 

v) Log file analysis: Log file analysis collected information about studentsô 

activities inside the LMS, where Moodle and WhatsApp were chosen. 

Those log file data were then processed in MS EXCEL to track student 

behaviour during the GFC iterations.  

RQ2 was responded to by analyzing studentsô perceptions in interviews of all 

iterations. Qualitative content analysis was used to process and combine results from 

all iterations. So, it resulted in the following strategies: 

 

i) Interviews: Studentsô perceptions were based on semi-structured 

interviews conducted in all iterations. Focus group interview was used to 

conduct the interviews.  

i) Qualitative content analysis: Data processing consisted of inductive 

category creation, followed by category grouping to combine similar 

ones for precise analysis. MS Excel was used for quantitative analysis 

and graphic representation of the analyzed data. 

 

The following section will present the details of each research methodôs 

implementation for answering RQ1 and RQ2. 
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5.4 Literature Review 

A literature review is always necessary for any relevant research, as it guides the 

author in finding relevant studies.  

It is almost impossible to keep in touch with all articles related to a topic because the 

research business is accelerating and becoming difficult to track (Snyder, 2019). Two 

of the many different types have been widely used: Narrative Literature Review and 

Systematic Literature Review. 

 

Systematic Literature Review consists in: 

ñéa process of identifying, assessing, and interpreting all available 

research evidence with the purpose to provide answers for specific 

research questionsò (Wahono, 2015, p. 1). 

 

In this way, the literature review is based on straight and rigorous procedures to 

search, identify and evaluate different studies to respond to the research question 

(Rother, 2007).  

It has been widely used in medical science to interpret and reproduce different findings 

(Snyder, 2019).  

On the other hand, Narrative Review, also called semi-systematic review, consists of 

researching different articles in a critical approach without considering the 

methodology used (Rother, 2007). In this type, the author focused his research on 

identifying relevant aspects that could help develop his theme or topic. 

It is widely used in qualitative research following a structure: Introduction, 

Development, Discussion and References (Rother, 2007). However, it can also be 

used in the quantitative dimension by using a meta-statistical analysis approach 

(Snyder, 2019).  

Therefore, the present research used the basis of narrative review to research the 

knowledge about Flipped Classrooms, Gamification and the combination of both, 

considering the Mozambican context.  
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ñNarrative literature review articles have an important role in continuing 

education because they provide readers with up-to-date knowledge about a 

specific topic or themeò (Rother, 2007, p1). 

 

A narrative literature review does not focus on identifying the methods used (Rother, 

2007). Thus, the primary purpose of the present research was to understand how GFC 

was used in different scenarios with no intention of replicating its procedures. 

Research questions were responded to by combining literature findings and student 

perception. In this way, a narrative literature review was more appropriate over a 

systematic one, as a systematic review would implicate straight a rigorous 

reproducible procedure, which in this case was not a practical option. 

So, the baselines for GFC were mapped in Chapter II, where different theoretical 

frameworks were identified. Based on those findings, a learning environment for 

development was implemented in different DBR iterations, resulting in one final one, 

which targeted RQ1.  

For the flipped classroom model, two primary models were combined into one: the 

WSQ model used by Bergmann and Sams (2014) as well as Kirchôs (2016) and 

Schmitz's (2016)  flipped classroom model. Those approaches were combined with 

other elements compatible with the Mozambican context: Flipped Classroom with 

WhatsApp, Gamification for in-class activities, and Gamification with Moodle. 

So, the literature review was essential in constructing the basis for a proper GFC 

environment during DBR. 

 

5.5 Observation 

Observation is used when data collection cannot be accurately done through 

questioning (Kumar, 2011). It consists in watching or observing behaviour (Mitchell & 

Jolley, 2010).  

Regular observation of day-to-day facts cannot be considered valid for scientific 

research. However, it is valid for research when it is systematically planned, organized 

and recorded (Kothari, 2004). 

So, observation can be practical when a researcher pretends to collect data without 

asking the corresponding people. 

However, it has some limitations that need to be considered:  
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- When individuals realize that they are being observed, they may change their 

behaviour, disturbing data being collected, a process known as the ñHawthorne effectò 

(Kumar, 2011). 

- observer bias may occur when the observer is not partial (Kumar, 2011) or in 

situations when the observer cannot record and has to rely on memory to document 

what was observed (Mitchell & Jolley, 2010). 

- Difficulties in Objectively codding behaviour (Mitchell & Jolley, 2010). When an 

observer has difficulties hearing or seeing what happened, coding may be done 

subjectively, and researchers may create different interpretations of the same data. 

Mitchell and Jolley (2010) suggest some strategies: define categories for specific 

behaviours, develop a check sheet and train researchers in using the proposed check 

sheet. 

Thus, these limitations had to be considered in the present research since observation 

did not specifically target studentsô behaviour but the record of studentsô context: 

Computer Laboratories, university facilities (Internet, Wi-Fi), and classroom 

conditions. The observer bias was minimized because facts were recorded and 

attached to the present research in pictures that could be easily interpreted.  

E.g., figure 30 was taken during classes at UP-Maputo, where the purpose was to 

illustrate how populated the computer science class was.  

 

Figure 30. Computer Science Day shift students having classes in 2020 
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Day shift class had around 40 students, so the learning environment preparation had 

to be compatible with that context.  

Those records were essential to respond to RQ1, as they illustrated information about 

Institution facilities and classroom context, necessary elements for the desired 

learning environment. Records were based on photography taken to illustrate how 

classes took place and the available facilities for students with no Internet or computer. 

5.6 Document analysis 

Documents can be used as research materials, especially related to an educational 

institution like a university.  

 

ñA university (any university) is in its documents rather than its buildingsò 

(Owen, 2014, p. 11) 

 

Owen (2014) emphasizes that it is vital to identify which documents are relevant to the 

outgoing research, where three guidelines have to be considered: 

i) The document should be recent to the described incident. If it is outdated, 

then it is considered a less reliable one. 

ii) The document needs to be serious about the writerôs intention.  

iii) Documents resulting from the testimony of a trained observer or report are 

more reliable than a document from an untrained one. 

 

In this vein, documents related to UPMôs timetables and curriculum plan were collected 

and analyzed to identify possible GFC elements compatible with the designed learning 

environment, responding to RQ1. 

These documents (Fig. 31 and Fig. 32) are considered reliable since they are 

institutional. 
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Figure 31. Computer science curriculum 
plan (2014 ï 2022) 

 

Figure 32. Computer Science Time-Table 
(2019) 

  

The curriculum plan document has data related to credits, study hours, and subject 

type. Those data were relevant for determining how many hours per week a subject 

would take place, where details could be illustrated in the timetable. 

5.7 Log file analysis 

Log file analysis is a technique used to monitor the access of software. During the 

research, logs can analyze usersô actions in LMS. So, as Moodle was used as the 

primary LMS for the GFC environment, log files were essential to analyze studentsô 

activities. Such log files can be downloaded in text, Excel or ODS format to be 

processed and analyzed using statistical methods or learning analytics spreadsheet 

(Konstantinidis & Grafton, 2013). 

So, similarly to Konstantinidis and Grafton (2013), Ak­apēnar (2015) used Moodle logs 

to collect studentsô actions when using LMS, followed by their analysis using a method 

called cluster analysis process. 

In that way, student log files were used during DBR cycles to examine activity 

completion in the LMS (Fig. 33). 
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Figure 33. Student log file environment in Moodle 

 
Log files were exported to MS Excel to process data using descriptive statistics and 

graphic bars. The main objective was to know how students completed their activities 

in LMS during DBR. 

Results were crucial in responding to RQ1 as they indicated how frequently students 

accessed LMS. 

5.8 Qualitative and Quantitative Methods 

Qualitative research is a type that ñproduces findings not arrived at by statistical 

procedures or other means of quantificationsò (Strauss & Corbin,1998, p. 10). It can 

be used to learn about feelings, perceptions, and relationships.  

On the other hand, quantitative research focuses on phenomena that can be quantified 

and measured in quantity (Kothari, 2017).  

So, the research consisted in using qualitative as well as quantitative methods to get 

student perceptions in gamified flipped classrooms as well as to process experiment 

data. Both approaches are widely known as a ñmixed approachò. 

Tashakkori and Creswellôs (2007) mixed method implementation consisted of 

research questions, sampling procedures, data collection procedures, type of data 

(numbers and texts), data analysis and conclusions. The mixed approach has been 

applied in different dimensions. 
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So, to equilibrate all these types, Tashakkori and Creswell (2007) propose the 

approach below: 

 

ñAs an effort to be as inclusive as possible, we have broadly defined 

mixed methods here as research in which the investigator collects and 

analyses data, integrates the findings, and draws inferences using both 

qualitative and quantitative approaches or methods in a single study or 

a program of inquiryò (Tashakkori and Creswell, 2007, p. 03). 

 

By looking at the procedures applied during the present research, it can be assumed 

that a mixed approach was applied in data collection, data analysis and interpreting 

results. Figure 34 illustrates how both methods were implemented: 

 

 

Figure 34. Qualitative and quantitative methods used 
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5.9 Student perception analysis 

It aimed to respond to RQ2 by conducting interviews during DBR cycles. Those 

interviews were related to studentsô perceptions of the learning environment used. 

So, studentsô interviews contributed to improving the GFC environment, as their 

perceptions were processed and analyzed in each DBR cycle. 

 

5.9.1 Interviews with students  

Interviews involve interaction between two or more individuals to collect information 

(Kumar, 2011). This way, interviews were used to collect studentsô perceptions during 

DBR cycles. This method was chosen for its advantages in qualitative research. 

Kothari (2017) enumerates the following advantages of interviews: 

¶ Information can be obtained in detail, in a deeper approach. 

¶ It can be a suitable method for overcoming resistance from the person to be 

interviewed, where the interviewer can use his abilities during interpersonal 

contact. 

¶ They incorporate flexibility in data collection, as questions can be restructured 

anytime. 

¶ It can be combined with the observation by recording answers. 

¶ There are few chances of non-responses. 

¶ The interviewer has a chance to control the interviewed actor. 

¶ Misunderstandings can be avoided by adapting language to the interviewerôs 

context. 

 

In summary, interviews allow additional interaction to clarify questions that were not 

understood, increasing the accuracy of the collected response data (Mitchell & Jolley, 

2010). 

According to Fontana and Frey (1994), interviews can be structured, semi-structured, 

and unstructured.  

 

A structured interview follows a strict and systematic set of questions the interviewer 

has to ask. In contrast, the unstructured interview is non-systematic, allowing the 

interviewer to respond freely to questions and provide additional information (Kothari, 

2017).  
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A semi-structured interview is another mid-term type, which stands between both 

types. It consists of structured and non-structured questions, allowing the interviewer 

to move in any direction to get detailed information (Mitchell & Jolley, 2010).  

 

So, instead of a single set of predefined questions, the interview can also have 

additional questions caused by unexpected answers (Mitchell & Jolley, 2010). 

For collecting the studentôs perceptions, single semi-structured interviews were initially 

prepared. Although, instead of conducting a one-to-one interview, a group interview 

was conducted. It is also called a ñfocus groupò interview. In this type of interview, the 

investigator: 

 

ñExplore the perceptions, experiences and understandings of a group of people 

who have some experience in common with regard to a situation or eventò 

(Kumar, 2011, p. 160). 

 

Because students had a common experience in having classes through the GFC 

environment during DBR cycles, the focus group was more appropriate for conducting 

interviews. Group interviews (also called focus groups) allow interviewers to express 

different views about a topic (Rabiee, 2004).  

Table 27 illustrates the questions used during a focus group interview in DBR cycles: 
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Table 27. Focus group interview questions 

Iteration Interview 

Approach 

Questions 

1 Open-ended 

question 

Q: What are your perceptions about the environment used 

(flipped classroom)?  

2 Focus Group Qt1ïWhat is your perception about the used 

platform/environment group2  

Qt2: What is your suggestion to improve it? 

3 Focus Group Qt1 ï How did you attend classes on the learning platform?  

Qt2 ïWhat is your impression about the environment used in 

classes (flipped classroom and gamification)? 

Qt3 ï provided information about how students access virtual 

classes and which device was used. Did you manage to 

access all classes?   

4 Focus Group Q1 ï What is your perception of gamified flipped 

classrooms? 

Q2 ï Tell us about the device used 

Q3 ï Tell us if you managed to do (access) all classes 

Q4 ï Which difficulties did you have? 

Q5 ï Tell us about the trophies you earned and the levels 

you reached. 

 

To collect information, interviews for each group were recorded in audio files and 

stored for processing, as shown below (Fig. 35): 

 

Figure 35. Audio recordings of focus group interview 
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Each file represents a group interviewed, resulting in a transcription of each answer in 

an MS Word file for processing (Appendix 6). An example is demonstrated in Figure 

36: 

 

 

Figure 36. Recording transcription in MS Word. 

 
Interviews have also been disadvantaged. Those disadvantages need to be 

considered during data collection. According to Kothari (2017), the following are the 

most critical weaknesses of interviews: 

 

a) Interviews are expensive: By using focus group interviews where students had to 

record each answer on a smartphone, it became less expensive at practically no cost. 

 

b) Vulnerability to interviewer bias: Some recommendations needed to be attended to 

to reduce the interviewerôs effect in data collection.  

Fontana and Frey (1994) recommend that the interviewer should be friendly, neither 

too many nor too less talkative. As a result, each focus group interview moderator was 

instructed to follow this mid-term directive, although it is always difficult to moderate. 

Another solution was to use students as moderators, where each group had to choose 

a moderator who would, in the end, shift his role to be interviewed too. Iteration 3 had 

the same moderator for all groups. It is done in iterations 2 and 4. 
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c) Important people or celebrities may be difficult to approach for an interview: This 

limitation was practically nonexistent because all students were easily accessible for 

interviews. 

 

d) The presence of the interviewer may affect the interviewerôs answers so that they 

give answers to make it exciting or to impress: To overcome this possibility, the 

interviewer was one of the students in all iterations, except in iteration 1, the teacher 

conducted that. It may justify the low number of responses in that first iteration. 

 

e) The logistics required for training and organizing the process may be complex and 

difficult to handle: In fact, conducting interviews was challenging, and the complexity 

was limited to the simplicity of the implementation of focus group interviews since it 

needs a small training for the moderator, a sample of reduced questions as illustrated 

in Table 27.  

In general, interviews consisted of questions regarding the perception of the gamified 

flipped classroom environment (method and technology) used regarding the 

Mozambican situation (see Appendix 3 - Focus Group Interview Questionnaire).  

The following section will explain how data was processed using ñQualitative Content 

Analysisò. 

 

5.9.2 Qualitative Content Analysis 

The Qualitative Content Analysis consists of a set of systematic techniques used in 

qualitative research to analyze qualitative data (mainly in text format) so that it can be 

easily interpreted quantitatively.  

According to Mayring and Fenzl (2014), the object of analysis can be any recorded 

information, such as interviews, documents, discourses, and observation protocols. 

So, data can be analyzed using qualitative and quantitative methods (Vaismoradi 

Turunen & Bondas, 2013) so that categories can be created to organize the collected 

data. 
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For this purpose, two techniques can be used:  inductive category development and 

deductive category application (Mayring & Fenzl, 2014). 

¶ Inductive category development: 

In inductive category development, categories are created by relating text 

passages with the theoretical framework and research questions (Mayring & 

Fenzl, 2014). For this purpose, the technique of summarization is one of the 

most used ones, where relevant text paragraphs are generalized and reduced 

into main categories so they can be quantified (Spannagel, Gläser-Zikuda & 

Schroeder, 2005). 

¶ Deductive category application: 

Deductive category application involves creating categories based on 

previously formulated theories by connecting them to the text (Mayring & Fenzl, 

2014). So, by looking at prior categories, a codding agenda is created, where it 

is essential to indicate in which situation a text passage is related to a specific 

category (Spannagel et al., 2005). 

 
According to Forman and Damschroder (2007), both approaches are combined in 

many situations. So, codes can be related to each other for a better analysis. This 

process is done by grouping them according to their relationship (Fig. 37). 

 

Figure 37. Example of category code relation  
(Alanazi et al., 2017, p. 07) 
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The application of the inductive method above shows how categories and sub-

categories can be related by grouping those related to the same aspect. 

Friese, Soratto, and Pires (2018) used network options to organize codes and co-

codes. Similarly, Walter and Bach (2015) used code relationships to link various 

codes.  

 

So, qualitative content analysis was used to process data related to studentsô 

perceptions using three strategies: 

- Inductive category creation 

- Category Grouping 

- Descriptive statistics 

 

i) Inductive category creation 

It consisted of reading studentsô answers and creating categories related to RQ2. The 

figure below (Fig. 38) shows how the category PLAT_GOOD was created. A summary 

is displayed on the left side, and a corresponding category is highlighted on the right 

side using qualitative analysis software. 

 

 

Figure 38. Inductive category creation example 

 

ii) Category grouping 

Category grouping followed approaches from Forman and Damschroder (2007), 

Friese et al. (2018) as well as Walter and Bach (2015). 

It consisted in grouping categories that are common to each other regarding studentsô 

perception, resulting in the following groups (Table 28):  
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Table 28. Category grouping in all iterations 

Iteration  

1 Perception 

about platform 

Perception 

of the 

learning 

environment 

 

2 Improve 

platform 

Improve 

class 

sessions 

Negative 

Perceptions 

Positive 

Perceptions 

 

3  Negative 

Feedback 

Positive 

Feedback 

 

4  Negative 

Feedback 

Positive 

Feedback 

Neutral 

Feedback 

 

So, grouping categories facilitated the understanding of the meaning of processed 

data as proposed by Friese et al. (2018), since, studentôs perceptions could be 

compared in different groups to know if the used learning environment was good or 

not as well as what could be improved.  

 

ñThe purpose of code groups is to help in the process of sorting and ordering, 

and to serve as filters throughout the continuing data analysisò (Friese et al., 

2018, p. 16). 

 

So, iterations 2,3 and 4 groups were focused on a bipolar view of perceptions: Positive 

and Negative, as done by Alanazi et al. (2017).  

Positive means that students had a good experience during classes in the GFC 

environment, and negative means the opposite. 

 

iii) Descriptive statistics 

After extracting and organizing categories according to their connection, it was 

possible to do a quantitative analysis of the data.  

The inductive category approach quantifies data using statistical methods like 

frequency for categories and subcategories (Spannagel et al., 2005). 
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So, for responding to RQ1 and RQ2, frequency and graphics were generated to 

analyze studentsô perceptions, which guided the design of the GFC learning 

environment during DBR cycles. 

 

Software for qualitative data analysis 

Forman and Damschroder (2007) propose applications like ATLAS.ti, MaxQDA or 

NVivo.  ATLAS.ti was the software for data processing (Fig. 39). Data were exported 

to MS-EXCEL for graphic generation and descriptive statistics analysis. 

 

 

Figure 39. Qualitative content analysis in ATLAS.ti 
 

5.10. Iteration 4 ïlearning environment pilot test 

Iterations 1,2 and 3 created the final learning environment ready for the experiment, 

although there was a need for a pre-test before its implementation.  

Also known as a pilot study or feasibility study, it aims to conduct a smaller version of 

the entire study to be taken, a preparation for the main one (Van Teijlingen & Hundley, 

2002).  

Connelly (2008) indicates the following reasons for conducting a pilot study: 

a) Test the adequacy of research instruments 

b) Evaluate the feasibility of a complete study 

c)  Design and test mechanisms of implementation of a full study 
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d) Test the research sample 

e) Collect and verify the size of preliminary data 

f) Training before implementing 

 

So, it can be assumed that the main objective was to test the research sample, verify 

its size and test the designed GFC in both day and night shifts. 

Therefore, it aimed to collect information about students' perceptions, preferences, 

and difficulties.  

Although a pilot study ós sample is usually smaller than the experimental one, the 

present research tried to involve all day and night shift students. The main reason for 

this attempt was to have an idea about the typical sample of both day and night shifts 

because the number of students admitted to Computer Science courses is always 

deficient. 

 

Figure 40. The number of places available for admission in Computer Science in 2018. 

 
So, a total of 98 students (Fig. 40) were estimated to be admitted for this course in 

their first year. However, the number of dropouts in 2nd year has been high, reducing 

the sample of this study.  

The following table (Table 29) shows the used sample, which involved a total of 85 

students, considering a sample of minus 13 students compared to the admitted ones. 

 

5.10.1. Data collection 

It involved a total of 85 students from both day and night shifts as displayed in Table 

29: 

 

Table 29. Number of students involved in each shift 

Shift Count 

Day Shift 48 

Night Shift 37 

Total 85 
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After implementing the GFC final learning environment, a focus group interview was 

conducted to get responses to the questions in Table 30: 

Table 30. Focus group interview questions 

Question Focus 

Q1 ï What is your perception about gamified flipped 

classroom? 

Perceptions 

Q2 ï Tell us about the device used How? 

Q3 ï Tell us if you managed to do (access) all classes How? 

Q4 ï Which difficulties did you have? Difficulties? 

Q5 ï Tell us about the trophies you earned and levels you 

reached 

How? 

 

Q1 targets studentsô perception of the GFC, questions 2,3 and 5 on ñhowò students 

manage to do their tasks and Q4 on studentsô difficulties. 

Student perceptions were essential to collect as their comparison to those collected in 

iterations allowed the researcher to confirm those perceptions, as in many aspects, 

they were similar. 

Difficulties were also essential to identify because adapting GFC to a studentôs context 

does not necessarily mean that students will not have limitations. So, the identified 

problems were considered during the experiment so that they could at least be limited. 

The ñHowò questions allowed the researcher to verify which options students chose to 

do their GFC classes among the provided ones (Moblie, Web, Flash drive). The results 

from these questions answered the importance of giving students different alternatives 

for accessing and doing tasks in a GFC environment. 

 

5.10.2. Results analysis 

Qualitative content analysis was done through inductive category creation and 

category grouping, followed by analysing frequencies in tables and graphics. 

Results from both shifts were compared to each other to see their differences and 

similarities. The comparison consisted in analyzing frequencies of common categories 

between both shifts. 

 

5.10.3. IMI questionnaire and learning outcomes 
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The IMI and Learning Outcomes questionnaire were not included in the pilot study 

firstly because the main target was to test how students would respond to the designed 

learning environment regarding their perceptions and habits, and secondly, because 

there was still pending authorization from the head of the department for conducting 

Motivation and Learning Outcomes test. 

The IMI used in the experiment was the same as the standard 22-question model 

proposed by the Center For Self-Determination Theory (2021) but translated into 

Portuguese. 

A pre-test was permitted to experiment in both day and night shifts, gathering studentsô 

feelings about the GFC learning environment and comparing both shifts. Conducting 

is not a guarantee of a successful experiment (Van Teijlingen & Hundley, 2002), but 

the lessons learned from it could prevent problems for the upcoming experiment or 

future research. 

5.11. Quasi-experiment (Motivation and Learning Outcomes) 

The goal of the experiment was to respond to RQ3. The experiment took place at 

Universidade Pedagógica (now Universidade Pedagógica de Maputo) in the 2019 

second semester, involving participants from the day shift and night shift. It consisted 

in implementing the final GFC environment (Fig. 41) prepared during DRA cycles. 

 

 

Figure 41. LMS environment of quasi-experiment 

 

A quasi-experiment consists of an experimental design in which the researcher has 

limited control in randomly selecting the study elements (Levy & Ellis, 2011). So, it is 
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used when it is not applicable to randomize the groups, forcing the default or pre-

assigned selection.  

 

The actual scenario led to non-randomization, as it was impossible to randomize 

students from both day and night, firstly because night shift students are those that 

regularly work during the day (to get money to pay the monthly fees). The second 

reason is related to the fact that the universityôs regulation does not allow a student to 

freely change from one shift to another, making it almost impossible to randomize 

these two groups. 

5.11.1 Characteristics of the experimental group  

The 2019 Computer Science classes consisted of a group of students that had been 

admitted in 2018ôs admission process.  

Thus, since GFC was not implemented in their first year, such an environment was set 

to be their first experience. It consisted of two groups of students: Day shift and Night 

shift. Day shift students attend lectures during the daytime, usually from 07:20 AM to 

04:45 PM. Figure 42 illustrates the Day Shift time-table:  The target subject Computer 

Laboratory III (ñLaborat·rio de Inform§tica IIIò in Portuguese) took place twice a week, 

where they started on Mondays from 09:45 AM to 12:25 AM and on Wednesdays from 

11:35 AM to 01:20 PM.  

Each class is considered as 1 hour, which means that students had 5 hours per week. 

The subject consisted of theory and practical lectures on Javaôs Object-Oriented 

Programming, where the focus was mostly laboratory activities since this subject is a 

continuation of the previous semesterôs Object-Oriented Programming. 
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Figure 42. Day shift timetable 
 

Night Shift students attend classes in the evening, from 05:10 PM to 10:05 PM. Figure 

43 represents the timetable of the subject which took place on Mondays from 05:10 

PM to 07:35 PM and Wednesdays from 05:10 PM to 06:45 PM. 

 

Figure 43. Night shift timetable 
 

Night Shift students are usually those who work during the day time to pay the monthly 

fees that are required. So, night shift students are at a disadvantage compared to day 

ones.  
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According to Andreoli and Martino (2012):  

 

ñMorning students have a habit of taking naps, whereas night 

students are unable to take naps because of their work schedules. 

Quality of sleep was higher for morning students. Later wake-up 

times were associated with lower academic performance, which 

suggests an effect of night shift work and sleep deficitsò (p. 4). 

 

This fact may justify the number of dropouts of night shift students since the number 

of those who conclude the subject tends to be lower than those initially enrolled.  

 

5.11.2 Duration of the experiment 

The study took place during the whole 2019 semester, which started in August and 

finished in November, totalling 4-month classes (Table 31).  

 

 

Table 31. Experiment schedule 

August September October November 

Traditional 1 GFC Traditional 2 

Java overview 

Constants, variables and 

data types 

Control Structures 

Arrays and Strings 

Vectors 

Classes, objects and methods, 

Inheritance, Packages, Exception 

GUI programming, Event 

handling 

4 weeks 6 weeks 6 weeks 

20 hours 30 hours 30 hours 

* GFC ï from 01st September to 11 October 

 

Figure 44 details the total number of hours for GFC and Traditional classes. GFC had 

30 hours which is equivalent to 37% and the remaining 63% was allocated to the 

Traditional approach (25% for Traditional Classroom 1 and 38% for Traditional 

Classroom 2).  
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Figure 44. Total number of hours for GFC and Traditional Classroom 
 

Although the Traditional learning environment had a more significant percentage than 

GFC, it is assumed to be acceptable for the study as supported by Oraif (2018), who 

conducted research with 16.4% time using Flipped Classroom (FCG) and 32.7% using 

Non-Flipped Classroom Group (NFG). 

 

5.11.3 Distribution of students per group (Night Shift/ Day Shift) 

The groups in the day and night classes were pre-assigned according to the 

Universityôs allocation procedures, which the academic department controls.  

Initially, 48 students from the day shift and 41 from the day shift were enrolled. 

However, some students dropped out for different reasons, resulting in the 

participation of 75 students where 41 were from the day and 34 from the night (Table 

32) 

 

Table 32. Distribution of students per shift 

Shift Freq 

Day 41 

Night  34 

 

5.11.4 Gender distribution factor 

Data from current research indicated that the number of females was deficient 

compared to male students. This scenario was noted in both day and night shift 

students, as displayed in Table 33: 

 

25%

37%

38%

Traditional 1

Gamified Flipped
Classroom

Traditional2
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Table 33. Distribution of students per shift and gender 

Shift Male Female Total 

Night 28 6 34 

Day 28 13 41 

 

In Mozambique, only 16% of female students were enrolled in Information Technology 

courses at universities, and only 19% in engineering courses (Tambe, da Costa & 

Gonçalves, 2022). Similar results were found worldwide, indicating that courses 

related to STEM have a higher number of men enrolled than women (Uamusse, Cossa 

and Kouleshova, 2020). 

Figure 45 resulted from the combination of both day and night data. It illustrates that 

75% were males and 25% were females, enforcing gender inequality in Computer 

Science courses. 

 

Figure 45. Gender distribution 
 

There are different reasons for gender inequality in Mozambique. Tambe et al. (2022) 

propose urban density and access to resources as determining factors, while 

Uamusse et al. (2020) identified factors related to cultures, like early marriage and 

pregnancy, which are caused by traditional values that surrounded her during her 

growth.  

So, the high number of males interviewed in Computer Science is related to the 

Mozambican and global context, which tends to influence females to avoid STEM 

courses. 

5.11.5 The quasi ï experiment and non-randomization 

According to Levy and Ellis (2011), a quasi-experiment consists of an experimental 

design in which the researcher has limited control in selecting the study elements 

75%

25%
Male

Female
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randomly. So, it is used when it is not applicable to randomize the groups, forcing the 

default or pre-assigned selection.  

The actual scenario led to non-randomization, as it was impossible to randomize 

students both day and night, as the night class students work during the day (to get 

money to pay the monthly fees). The groups in the day and night classes were pre-

assigned according to the Universityôs allocation procedures, which the academic 

department controls. 

Since the subjectôs course outlines in the study are divided into 11 topics, the study 

followed the path shown in Table 34: 

 

  

Table 34. Course outlines 

 id Topic Learning Environment 

1 Java evolution and overview Traditional Classroom 

2 Constants, variables and data types Traditional Classroom 

3 Control Structures 

Arrays and Strings Vectors 

Traditional Classroom 

 Data collection 1 (Motivation and Learning outcomes) 

4 Classes, objects and methods Gamified Flipped Classroom 

5 Inheritance Gamified Flipped Classroom 

6 Packages and Interfaces Gamified Flipped Classroom 

7 Exception handling Gamified Flipped Classroom 

8 
 

Gamified Flipped Classroom 

 Data collection 2 (Motivation and Learning outcomes) 

9 GUI programming Traditional Classroom 

10 Event handling Traditional Classroom 

 Data collection 3 (Motivation and Learning outcomes)  

11 Project Traditional Classroom 

 

Topics 1,2, and 3 relied on the traditional learning environment (The teacher 

introduces the new content in the class, and the students take notes), and topics 

4,5,6,7 and 8 relied on the gamified flipped classroom learning environment. Topics 9 

and 10 relied on the traditional one. 
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As described in the table above, three data were compared: time 1 (traditional 

classroom method), time 2 (gamified flipped classroom) and time 3 (traditional 

classroom method). Data were collected at the end of each method (Motivation and 

Learning Outcomes). The goal was to analyse how motivation and learning outcomes 

behave during the three moments at day and night classes. In the end, a comparison 

was made between day and night motivation and learning outcome behaviour. 
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5.11.6. The Bloomôs Taxonomy 

According to the subjectôs course outlines, topics 1,2 and 3 covered the revision of last 

semesterôs Object-Oriented Subject. It was conducted using traditional learning and 

teaching processes.  

Therefore, in traditional lectures (figure 46), the highest order thinking skills of Bloomôs 

taxonomy (Creating, Evaluating, Analyzing, Applying) take place at home through 

home-work or assignments left by the teacher. 

 

ñThe traditional course concept foresees the gathering of factual knowledge in 

lectures or other face-to-face formats of conveyance after which course 

participants deepen and, on occasion, implement said knowledge on their ownò 

(Tolks et al., 2016, p. 4-5) 

 

However, revision consisted of practical activities that stimulated remembering as the 

students had to go over the previously discussed programming concepts (variables, 

data types, control structures) and try to use them with the new language (Java). 

 

Figure 46. Bloom taxonomy dimensions for traditional classroom lecture  
(Tolks et al., 2016, p. 4) 

 

Since classes consisted of practical revision (exercises, problem-solving, group 

discussion), it can be assumed that other dimensions like ñAnalyzing/Applyingò also 

took part. 
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Conversely, the GFC environment was applied from topics 4 to 8.  

Students could assimilate new knowledge from low-level dimensions of 

ñUnderstanding and Rememberingò before in-class sessions. 

 

Students constructed knowledge about Object-oriented concepts (classes, objects, 

methods) with Java from instructional Videos or texts prepared by the teacher (Fig. 

47). 

 

Figure 47. Bloom taxonomy dimensions for GFC lecture  
(Zainuddin and Halili, 2016, p. 316). 
 

However, during the experience, the used model consisted of activities that were 

combined with WSQ (Watch Summarize Question) tasks or problem-solving that had 

to be attempted outside classes, as illustrated in Figure 48: 
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Figure 48. Bloom taxonomy combined with FC and WSQ model 
 

The dimensions: Apply ï Analyze ï Evaluate ï Create, took place during and after 

classes because students could do their tasks in LMS/Mobile App for gamification 

badge or level gaining.  

This approach is similar to Veres and Muntean's (2021). 

So, during in-class sessions, students were engaged in activities like problem-solving, 

discussions, programming, experiencing, and stimulating other dimensions: Applying, 

Analyzing, Evaluating and Creating. In this way, Flipped Classroom enhances the fact 

that students use most of their classroom time in Bloomôs higher-level dimension 

tasks, while lower dimensions take place outside (Zainuddin and Halili, 2016). 

Topics 9 and 10 discussed techniques of designing and programming Graphical User 

Interface (GUI) applications in Java by combining different concepts to create 

programs, debugging them and verifying the final product. The traditional classroom 

method was used for this purpose as planned for the experience.  

By shifting back to the traditional classroom, low-level dimensions, ñUnderstanding 

and Rememberingò were used during classroom sessions as the lecturer focused on 

ñHow toò tasks, demonstrating how to design and program a GUI application.  At home, 

they could complete their tasks by solving homework and assignments and exploring 

top-level dimensions. 
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5.11.7 Motivation  

The Deci and Ryan ós Intrinsic Motivation Inventory (IMI) was used to investigate the 

difference between day and night students' motivation during the experimental phase, 

then responding to RQ3.  IMI has primarily been used for intrinsic motivation research 

in many areas abroad like computer training, sports activities, education and 

competition (Martínez-Rodríguez, Cuestas-Calero, García-De Frutos, & Marcos-

Pardo, 2021).   

This instrument has five different models that can be used according to what is about 

to be measured.  

Table 35 summarizes each model along with its subscales: 

 

Table 35.  IMI versions and their subscales  

Name Version Subscales Purpose 

Full IMI questionnaire 45 items Enjoy/Interest, Perceived 

Competence, 

Effort/Importance, 

Pressure/Tension, 

Perceived Choice, 

Value/Usefulness, 

Relatedness 

General purpose, 

to construct your 

own IMI 

Task evaluation 

questionnaire 

22 items  interest/enjoyment, 

perceived competence, 

perceived choice, and 

pressure/tension 

Specific purpose ï 

task evaluation 

Text material 

questionnaire 

9 items interest/enjoyment, 

perceived competence, 

and pressure/tension 

Specific purpose - 

Text material 

reading evaluation 

Activity perception 

questionnaire 

25 items value/usefulness, 

interest/enjoyment, and 

perceived 

choice. 

Specific purpose-

internalization 

study  

Subject impressions 

questionnaire 

29 items relatedness, 

interest/enjoyment, 

perceived choice, 

pressure/tension, and 

effort 

interpersonal 

relatedness 

(Center For Self-Determination Theory, 2021) 

 

  



133 
 

 
 

The Task Evaluation questionnaire (22 items) was found to be more appropriate for 

the present research because students evaluate their experiences while doing tasks 

during different learning environments (GFC/Traditional Classroom). Each question is 

based on a 7-point Likert-type scale, where 1 means ñnot at all trueò and 7 ñvery trueò 

(fig 49). A similar model was used by Toda, Silva, Cruz, Xavier and Isotani (2016) for 

gamification research in higher education lessons. 

 

Figure 49. 7-point Likert-type IMI  
(Center For Self-Determination Theory, 2021, p. 15) 

 

Its original questions are listed in Table 36: 

Table 36. IMI 22 item questions  

1. While I was working on the task, I was 

thinking about how much I enjoyed it. 

2. I did not feel at all nervous about doing the 

task. 

3. I felt that it was my choice to do the task. 

4. I think I am pretty good at this task. 

5. I found the task very interesting. 

6. I felt tense while doing the task. 

7. I think I did pretty well at this activity 

compared to other students. 

8. Doing the task was fun. 

9. I felt relaxed while doing the task. 

10. I enjoyed doing the task very much. 

11. I didnôt really have a choice about doing the 

task.  

12. I am satisfied with my performance at this 

task. 

13. I was anxious while doing the task. 

14. I thought the task was very boring. 

15. I felt like I was doing what I wanted to 

do while I was working on the task. 

16. I felt pretty skilled at this task. 

17. I thought the task was very interesting. 

18. I felt pressured while doing the task. 

19. I felt like I had to do the task. 

20. I would describe the task as very 

enjoyable. 

21. I did the task because I had no choice. 

22. After working at this task for a while, I 

felt pretty competent 

(Center For Self-Determination Theory, 2021, p. 05-06) 
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One of the advantages of IMI is its adaptability to different scenarios. Its questions can 

be adapted or translated to a specific context.  For this purpose, a Portuguese version 

from Toda et al. (2016, October) was adapted to the Mozambican scenario (Table 37). 

Because of differences between Brazilian Portuguese and Mozambican (which was 

inherited from Portugal), some words had to be changed in Toda et al. (2016, October): 

 

Table 37. IMI portuguese translation 

Original in IMI Brazilian  Mozambican 

Task atividade tarefa 

Relaxed tranquilo Relaxado 

Skilled competente habilidoso 

 

IMI translated into Portuguese 

The IMI questionnaire (Portuguese version) is attached in Appendix 4. 

So, the 22 items are organized in subscales distributed in 4 constructs (Fig. 50): 

 

 

Figure 50. IMI subscale constructs  
(Center For Self-Determination Theory, 2021, p. 05-06) 

 

5.11.8 Learning outcomes 

Among many definitions, all of them converge as ñé statements of what a learner is 

expected to know, understand and be able to demonstrate at the end of a learning 

experienceò (Adam, 2004, p. 08).  So, during the learning process, students are 

expected to demonstrate that they have acquired the expected competencies of the 

curriculum. These competencies are related to knowledge and skills that were 

successfully acquired at the end of a learning period (Adam, 2006). 

So, active verbs are used to define learning outcomes, focusing on Bloomôs Taxonomy 

(Adam, 2006). 



135 
 

 
 

Learning outcomes generally start with ñOn completion of the learning (unit/module or 

qualification) the successful student will be able toéò (Adam, 2006, p. 06).  

Therefore, there is a relationship between learning outcomes, competencies and 

objectives. Figure 51 shows a practical example of learning outcomes that were 

created from competencies and objectives. 

 

Figure 51. Example of learning outcomes creation from objectives  
(Kennedy, Hyland & Ryan, 2009, p.12) 
 

From this example, it was noted that two objectives were created to get the desired 

competencies, and four competencies were defined from those objectives.   

So, Kennedy et al. (2009) defend a top-down approach, starting with competencies, 

defining objectives then preparing the appropriate learning outcomes for achieving 

them.  

 

5.11.8.1. Assessment setting 

Different instruments are used for measuring learning outcomes. Carter (2019) 

defends two types of assessments: Direct (i.e., tests) and Indirect (dissertation 

disputation, employment interview).  

Similarly, Kuh, Jankowski, Ikenberry and Kinzie (2014) identified the following 

instruments: classroom-based assessment, rubrics, incoming student placement 
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exams, portfolios, National student surveys, Alumni surveys, locally developed 

surveys, and General knowledge and skill measures. 

 In this way, the present experiment consisted of a classroom-based assessment 

(Carter, 2019)   form composed of 10 questions related to contents discussed during 

classes. It had five different alternatives, and only one was correct. 

A total of three assessments were prepared for testing their knowledge at the end of 

each phase of the learning model where for each one, two versions were designed, 

as one was for the day shift and another was for the night shift group (Table 38). 

 

Table 38. Assessments prepared in each phase 

Phase Assessment (at the end) Shift 

 

Phase 1 Traditional Classroom 
 

Outcome Assessment 1 (Day version) Day Shift 

Outcome Assessment 1 (Night version) Night Shift 

Phase 2 Gamified Flipped 

Classroom 

Outcome Assessment 2 (Day version) Day Shift 

Outcome Assessment 2 (Night version) Night Shift 

Phase 3 Traditional Classroom 

 

Outcome Assessment 3 (Day version) Day Shift 

Outcome Assessment 3 (Night version) Night Shift 

 

Since both versions were prepared to test the same learning outcomes, they had the 

same difficulty level, consisting of the same questions but in a different sequence. The 

main goal of this approach was to guarantee a total separation of both day and night 

shifts. 

 

5.11.8.2. Assessment preparation 

Based on Kennedy et al. (2009), questions were derived from outcomes that were 

defined from subject objectives which also came from competencies (Fig. 52). 

 

Figure 52. Question creation from outcomes and objectives. 

 

In this way, Table 39 map illustrates an example of how questions of Outcome 

Assessment 3 (Day version) were aligned: 

Competences Objectives Outcomes Questions
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From the Computer Science Curriculum plan of LabIII (Java), the following 

competencies and objectives were extracted:  

 

Table 39. Competences and objectives 

Lab III (Java)  

Competences 

 

1. implement languages the basic concepts of OOP 

2. Understand the importance of using OOP in software development 

3. Works with the Java language. 

 

Subject objectives  

 

At the end of this course, the student should be able to 

1. Discuss and apply the main fundamentals of the object-oriented paradigm in 

solving real-world problems. 

2. Plan, design and implement object-oriented software.  

3. Develop GUI applications using the principles of object-oriented 

programming. 

4. Implement different case studies in Object Oriented Programming Language. 

 

Thus, objective 3, which aims to teach students how to develop GUI applications, 

would lead to competence 3 (work with Java language). So, from this objective, the 

following learning outcomes were defined: 

 

A. Identify the main classes and methods necessary to program a GUI application 

B. Program GUI forms using AWT/swing classes 

C. Apply different events in a GUI form in order to solve a problem 

 

As an example, Assessment 3, which targets topics 9 and 10 from the subject plan 

(GUI programming and Event handling), was designed from those three outcomes, as 

shown in Table 40: 
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Table 40. Assessment 3 (example) 

Question learning 

objective 

1 - Which interface do we implement when we want to add an event in a 

textbox? 

A) ActionListener B) TextEvent C) Event D) TextField E) TextListener 

 

2 - After creating a TextField Txt object, which of the following statements is 

valid? 

a) Txt.setEchoChar ('*'); 

b) Txt.getLine (); 

c) Txt.init (); 

d) Txt.setBgColor (Color.Blue); 

e) None of the alternatives is correct 

 

3 - When we want to disable a button, we use the method: 

(a) setHide (true); 

b) setVisible (false); 

c) setEnabled() (); 

d) HideMe (true); 

e) setEnabled (false); 

 

4 - What does the following line of code do? 

Textfield text = new Textfield (10); 

a) Creates a text object that contains a String. 

b) Creates the text object and initializes it with the value 10. 

c) The code is illegal. 

d) It creates a text object without any specific characteristic. 

e) None of the alternatives is correct. 

 

5 Consider the following list box: 

List lst = new List (); lst.add ("A"); lst.add ("B"); lst.add ("D"); 

How can we print the 0 element of the list? 

a) System.out.print (lst.getItem (0)); 

b) System.out.print (lst.GetSelected (0)); 

c) System.out.print (lst.Get (0)); 

d) System.out.print (lst.return (0)); 

e) All alternatives are wrong 

 

6 The method "setEchoChar ()" belongs to the class: 

(a) AWT 

b) Checkbox 

c) TextField 

d) Choice 

e) Checkbox 

 

 

C 

 

 

 

A 

 

 

 

A 

 

 

 

 

B 

 

 

 

 

 

 

B 

 

 

 

 

 

 

A 
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7 Consider the btn button. How can we disable it? 

a) By calling the disable (false) method 

b) By calling the setEnabled (false) method 

c) By calling the setState method (false) 

d) It's impossible to disable it 

e) By right-clicking on it 

 

8 Which of the following events is applied to a button? 

a) TextEvent 

b) ActionButton 

c) Action 

d) MouseClass 

e) All of the previous alternatives are wrong 

 

9 How do we use the javap command to check the methods of the Frame 

class? 

a) javap javax.awt.Frame 

b) javap java.Frame 

c) javap java.awt.event.Frame 

d) javap java.awt. * 

e) javap java.awt.Frame 

 

10 What does AWT mean? 

a) All Window Tools 

b) All Writing Tools 

c) Abstract Window Toolkit 

d) Abstract Writing Toolkit 

e) None of the above 

C 

 

 

 

 

C 

 

 

 

 

 

A 

 

 

 

 

A 

 

 

 

So, each question is related to an expected learning outcome, where five questions 

are related to outcome A, three are related to outcome C, and two are related to 

outcome B. This distribution was done randomly.  

 

5.11.8.3. Assessment quantification 

To quantify the results of assessments, a 20-point scale was used.. It consisted of 

preparing a multi-choice assessment form that students had to solve to get a score. 

So, the correction consisted of verifying the right answer for each question and 

applying a 2-point score for the correct score.. This process was done in MS EXCEL, 

as shown in figure 53: 
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Figure 53. Answer correction in MS Excel 

 

This made it possible to analyze learning outcomes quantitatively in each phase of the 

experiment, responding then RQ3. 

5.11.9. Validity, Reliability and Objectivity 

Objectivity in research consists of being impartial, implying that research should not 

be influenced by the researcherôs bias (SOCIAL WORKIN, 2021). As a result, research 

should focus on data and its results, and the researcher should avoid influencing 

instruments or data on his/her personal feelings or opinions. 

 

Data validation proved to be one of the most important aspects of research 

methodology data analysis. It verifies if the data collected is valid or not. 

 

ñValidity is defined as the extent to which a concept is accurately measured in 

a quantitative studyò (Heale & Twycross, 2015, p.1). 

 

An instrument should measure the right concept. For example, if a survey to collect 

studentsô preferred sports is used, a questionnaire related to students' preferred 

novels cannot be considered valid. Similarly, a questionnaire in which the interviewees 

did not understand almost all questions cannot be considered valid either. So, validity 

measures whether a developed instrument was well designed or not regarding what it 

is intended to measure (Bajpai & Bajpai, 2014). 

 

Reliability measures how consistent data is. 
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ñA participant completing an instrument meant to measure motivation should 

have approximately the same responses each time the test is completedò 

(Heale & Twycross, 2015, p.1). 

 

So, reliability may indicate if the measurement was affected by some random error or 

not (Mitchell & Jolley, 2010).  The more reliable the instrument is, the more minor 

errors it has. 

 

Validity, reliability and objectivity usually complete each other. Quantitative research 

is conducted so that researchers focus on maintaining objectivity so that external 

factors do not influence results, and biases, including their presence, make sure that 

results are valid and reliable (SOCIAL WORKIN, 2021). 

 

ñBias Poisons a Measureôs Validity, Whereas Random Error Merely Dilutes a 

Measureôs Validityò (Mitchell & Jolley 2010, p. 144). 

 

However, reliability is not a guarantee of validity. An instrument may be reliable but 

not valid. For example, an instrument may be reliable, but if it measures the wrong 

data, it is not valid. In the same direction, Mitchell and Jolley (2010) defend that: 

 

ñéreliability is a prerequisite for validityò  

(p. 143). 

 

The testïretest coefficient is used to measure it. This test indicates the percentage 

that is not affected by random error. For example, if the test-retest coefficient is 0.70, 

then it can be assumed that: 

Validity cannot be above 70%, indicating that 30% of the differences between scores 

were affected by random error (Mitchell & Jolley, 2010).   

Among many, two most sophisticated techniques are used for reliability tests: 

Cronbachôs alpha and Kudser-Richardson, also known as KuderïRichardson Formula 

20 or KR20 (Brown, 2002; Mitchell & Jolley, 2010). These two techniques are applied 

according to a specific reality as described in Table 41: 

 



142 
 

 
 

 

Table 41. Reliability test techniques  

Test Details 

Kudser-Richardson (KR20) Dichotomous responses, yes/no, true/false  

 

Cronbachôs alpha More than two responses  

(Heale & Twycross, 2015) 

 
KR20 can only be used to test questionnaires that have Dichotomous or binary 

answers (e.g., yes/no), while Cronbachôs alpha can be used to test measurements 

with two or more responses (Brown, 2002; Singh, 2017; Heale & Twycross, 2015).   

In this vein, both IMI and learning outcomes questionnaires used in the current thesis 

relied on a multi-response structure, which led to the use of Cronbachôs alpha test.  

Thus, Cronbach's measures and results can be considered equivalent to Kuderï

Richardson Formula 20 when items are dichotomous (Bajpai & Bajpai, 2014). 

 

5.11.9.1. Motivation - Validity, Reliability and Objectivity 

 
Validity: The IMI questionnaire (Table 35) was found to be appropriate for the current 

study. It is generally accepted for intrinsic motivation data collection and processing, 

leading to being considered compatible with this study. So, it can be assumed that the 

research instrument used is valid. 

Objectivity: Besides the fact that the researcher was also the teacher of the subject, 

there was an effort to maintain objectivity through the following actions: Students 

fulfilled the questionnaire without the presence of the researcher, avoiding possible 

influence from him; The IMI questionnaire fulfilling was not rewardable, students have 

been explained about the importance of that task, and it was not compulsory, giving 

them the freedom to do or not. 

Reliability: Cronbachôs alpha consisted of data processing in three phases: Phase I, 

Phase II and Phase III because the intervention in those phases was done on the 

same group of students (Day and Night). So, in each phase, Cronbachôs alpha was 

calculated on data composed by day and night students (sum of them). 

Each intrinsic motivation subscale was tested separately, as illustrated in Table 42: 
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Table 42. Reliability test of IMI subscales 

Subscale Phase I Traditional 

Classroom 

Phase II GFC Phase III Traditional 

Classroom 

Interest/Enjoyment .702 .846 .812 

Perceive 

Competence 

.808 834 .674 

Perceive Choice 0.05 .317 .169 

Pressure/Tension1 * .428 .711 .701 

* After removing Q13 

 

A high alpha (close to 1) is considered reliable, and a lower value (close to 0) is 

considered less reliable. It means that the items in the sample are related (Tavakol & 

Dennick, 2011).  

Cronbachôs alpha 0.7 is considered to be the ideal value for a reliable result (Singh, 

2017; Heale & Twycross, 2015; Mitchell & Jolley, 2010).   

Therefore, there has been no consensus about the acceptable of 0.7. Nunnally (1978) 

has been cited as a mentor. However, he never did so explicitly (Schrepp, 2020) 

 

ñNunnally (1978) clearly pointed out that the required level of Ŭ depends 

on how critical the decisions are that are drawn based on the test 

resultéò  (Schrepp, 2020, p. 251). 

 

Thus, having a high Ð value does not automatically mean giving a trademark of a good 

and reliable set of items, as the sample size influences it depending on what decision 

will be made from the result of that Ŭ (Schrepp, 2020). If it reduces, the alpha value is 

also reduced (Tavakol & Dennick, 2011), and each scenario needs to be carefully 

analyzed accordingly. 

 

ñIf a test decides if a participant is allowed to enter certain type of studies, 

can be hired for a job, or if some decision about a medical treatment is 

based on the test results, then of course a high level of Ŭ is requiredò 

   (Schrepp, 2020, p. 251) 

 

Results from this study indicated mixed alpha values in IMI subscales.  
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Interest/Enjoyment and Perceive Competence had alpha values varying from .0674 to 

.808, which are pretty high. On the other hand, subscales of Perceive Choice had very 

low values, from 0.05 to 0.317.  The following factors may cause a low alpha: 

¶ A reduced number of questions in the questionnaire leads to a poor connection 

between items (Tavakol &  Dennick, 2011) 

¶ Problems with some questions in the questionnaire (Mitchell & M Jolley, 2010). 

 

Two basic strategies are used in an attempt to get a better alpha result:  

i. Items with low alpha values due to poor correlation are revised or discarded, 

that is, remove questions with low alpha scores (Tavakol & Dennick, 2011; 

Mitchell & Jolley, 2010; Esparragoza et al., 2016). 

ii. Do further reliability tests, a test-retest using other techniques like Kappa and 

Intraclass correlation ï ICC (Teno, Clarridge, Casey, Edgman-Levitan & 

Fowler, 2001). 

 

Pressure/Tension had an initial low alpha. Thus, after removing Q13, they increased 

to .711 and .701 in phases II and III as recommended by Tavakol and Dennick (2011) 

and Mitchell and Jolley (2010).  

In this way, subscales with higher alpha values were computed accordingly, resulting 

in Interest/Enjoyment, Perceive Competence and Pressure/Tension being included in 

all phases. In Figure 54, it is possible to see that scheme: 

 

Figure 54. IMI subscales involved in the quasi-experiment after the reliability test 
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Because subscales with low alpha are supposed to be removed from data processing, 

perceive Choice was not included in data processing.  

 

5.11.9.2. Learning outcomes assessment - validity, objectivity and reliability  

 
Validity: The learning outcomes assessment (Table 39) was prepared based on the 

subjectôs objectives and competencies (Table 38). Considering that validity relies on 

preparing the right instrument for a specific study, it can be considered that students 

were submitted to valid assessments, as they are compatible with the subject 

competence and objectives. 

Objectivity: Impartiality consisted in submitting students to an assessment without the 

researcherôs presence. 

Another aspect is that the assessment points were for research only, and students 

were informed that the results would not count for the courseôs final results. 

So, combining these two aspects led to the objectivity of the instruments used for 

learning outcomes (Appendix 5). 

Reliability: Table 43 contains the results of the Cronbach test of each assessment form 

conducted for evaluating learning outcomes at the end of each phase. 

 

Table 43. Learning outcome reliability test 

 

Shift 

Phase I 

Traditional Classroom 

Phase II 

GFC 

Phase III 

Traditional Classroom 

 Outcome Assessment1 Outcome Assessment2 Outcome Assessment1 

Day .262 .095 -.017 

Night -.280 .445 .448 

 

Results indicate shallow values of alpha values in all assessments conducted. This 

fact may be related to the number of questions (only ten) conducted in each one, as 

well as the type of questions since many of them had tricky answers that could 

confound students' thoughts. Such a strategy was used to guarantee that the score 

resulted from each alternative's analysis rather than a simple random choice.   

Thus, analyzing the percentages of answers in each question (Fig. 55) helped in 

identifying further possible reasons for such data inconsistency. 
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Figure 55. Percentages of answers in phase 1 

 

Q1, alternatives B and D could easily confound as those who chose B may have the 

understanding that the operation ñSystem.out.print(a+b+c+R)ò would print the values 

or a,b,c and R separately, while the right answers were D which resulted in printing 

the sum of them. For this reason, the majority chose D, but a considerable number 

opted for B.  

 

Similar results were found in Q6 where there was no clear consistency in the answers 

chosen, as alternatives A and B were quite close to each other (R=8 for A and R=7 for 

B) leading to close results. That tendency was also noted in other questions that had 

non-consistent answers. 

 

So, Table 44 represents a general picture of all questions in all phases.  
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Table 44. Questions and answers in each phase 

  

Phase 1 ï Day ï Traditional 

  

Q

1 

Q

2 

Q

3 

Q

4 

Q

5 

Q

6 

Q

7 

Q

8 

Q

9 

Q1

0 

A 2 31 4 27 0 13 2 4 1 27 

B 10 3 22 2 38 12 1 33 1 9 

C 2 1 2 1 0 8 25 1 39 0 

D 26 4 7 1 0 1 1 2 0 0 

E 1 0 6 10 1 7 10 1 0 5 
 

Phase 1 ï Night - Traditional 

  

Q

1 

Q

2 

Q

3 

Q

4 

Q

5 

Q

6 

Q

7 

Q

8 

Q

9 Q10 

A 11 1 18 4 5 4 7 6 2 6 

B 11 4 5 3 4 6 18 0 21 3 

C 7 1 0 22 5 0 0 10 4 8 

D 0 5 3 0 17 1 0 5 1 5 

E 1 18 2 1 0 21 6 11 4 6 
 

  

Phase 2 ï GFC - Day 

  

Q

1 

Q

2 

Q

3 

Q

4 

Q

5 

Q

6 

Q

7 

Q

8 

Q

9 

Q1

0 

A 27 18 3 6 15 18 1 6 30 3 

B 7 2 31 2 4 1 0 3 4 19 

C 0 4 2 16 2 6 33 16 2 2 

D 4 9 2 14 8 10 2 5 2 9 

E 0 3 0 0 9 2 2 6 0 4 
 

Phase 2 ï GFC ï Night 

  

Q

1 

Q

2 

Q

3 

Q

4 

Q

5 

Q

6 

Q

7 

Q

8 

Q

9 

Q1

0 

A 0 10 2 1 4 7 0 1 14 4 

B 7 4 8 2 1 1 0 6 1 8 

C 2 3 8 7 4 6 19 5 0 2 

D 10 1 3 5 3 6 1 2 5 0 

E 0 2 0 5 9 2 3 7 2 8 
 

Phase 3 ï Traditional - Day 

  

Q

1 

Q

2 

Q

3 

Q

4 

Q

5 

Q

6 

Q

7 

Q

8 

Q

9 

Q1

0 

A 12 4 4 0 21 10 11 0 5 6 

B 19 30 3 3 1 13 4 10 1 28 

C 0 0 24 2 3 1 5 4 0 0 

D 0 0 1 28 1 2 10 2 2 1 

E 4 1 2 2 8 9 5 19 27 0 
 

Phase 3 ï Traditional ï Night 

  

Q

1 

Q

2 

Q

3 

Q

4 

Q

5 

Q

6 

Q

7 

Q

8 

Q

9 

Q1

0 

A 13 6 0 10 14 3 0 1 1 4 

B 0 2 5 0 1 1 12 3 0 0 

C 1 0 1 0 0 10 5 1 1 12 

D 2 7 0 4 1 1 0 3 0 1 

E 1 2 11 3 1 1 0 9 14 0 
 

 

Questions like Q1, Q8 and Q10 (Phase 1 ï Night ï Traditional classroom) or Q1, Q6, 

Q7 and Q8 Phase 3 ï Traditional classroom ï Day revealed higher inconsistency of 

answers,  as there was no tendency for answering the right alternative, data was 

dispersed in two or more alternatives. It may justify negative alpha scores. 

Another possible reason is that the assessment questionnaires used covered different 

competencies and objectives (Table 38), so it cannot guarantee consistent answers 

regarding Cronbachôs alpha.  Although a higher Cronbach alpha is desirable, scoring 

a low value does not necessarily mean that data cannot be interpreted. According to 

Taber (2018), Cronbach suggested a higher alpha value; however, the most important 

thing is to guarantee that scores from used instruments are interpretable, even with 

low alpha, which is the case of this data.  
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5.11.10. Independent Variables 

The present research relied on two independent variables:  

¶ Day Shift and Night Shift 

¶ 3 Time measurement of data 

Thus, the difference in motivation and learning outcomes between day and night 

classes could be verified in those two shifts, as they consisted of students with different 

characteristics.  The factor ñTime of measurementò consisted in conducting interviews 

and assessments at three different moments of the learning period, as illustrated in 

Table 44. It permitted us to verify how motivation and learning outcomes assessment 

results differed before and after implementing GFC during the course. 

5.11.11. Dependent Variables 

The dependent variables are learning outcomes and four subscales of motivation: 

interest/enjoyment, perceived competence, perceived choice, and pressure/tension 

To measure learning outcomes, a multi-choice assessment was conducted at the end 

of the three moments of the learning process, as described in Table 44. It was based 

on the revised Bloomôs taxonomy. 

5.11.12. Data analysis  

Motivation and learning outcomes data were analyzed through statistical methods. 

5.11.12.1. Motivation data analysis 

ANOVA with repeated measures (RMA) was measured within motivation subscales 

as Within-Subjects Factors and day or night shift as Between-Subjects Factors (Table 

46). Table 45 displays the three dependent variables associated with Time which 

corresponds to the three phases of implementation of the learning environment: 

 

Table 45. Within-subjects factors 

Time Dependent Variable 

1 Interest_enjoy1.Traditional 

2 Interest_enjoy2.GFC 

3 Interest_enjoy.3Traditional 
 

Table 46. Between-subjects factors 

Shift Value Label N 

Day or 

Night 

1.0 Day 29 

2.0 Night 17 

 

 

Tests of Within-Subjects Effects were conducted to verify if the means of day/night 

shift were statistically significant during the three moments by analyzing the p-value of 
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Sphericity Assumed. In the same test, the p-value of interaction time*shift was 

analyzed to verify if time affected the studentôs shift. 

 

Another critical test was the ñestimated marginal meansò graphic conducted, which 

displayed the behaviour of means of both shifts during the three moments so that the 

variation of lines could be analysed, identifying then if there was a difference in student 

motivation (RQ3). 

Pairwise Comparisons were also made in some subscales to verify if means differ 

significantly from one time to another. 

Because the Pressure/tension subscale had Cronbach alphaôs p-value inferior to time 

1, it was only computed in time2 and time3, which had acceptable values.  

 

5.11.12.2. Learning outcomes data analysis 

To analyze the difference in studentôs learning outcomes concerning the day/night shift 

three times, an ANOVA with repeated measurements was proposed with student 

scores as within-subjects factors (Table 47) and shift as between-subject factors 

(Table 48): 

 

Table 47. Within-subjects factors 

Time Dependent Variable 

1 Score1_Trad_phase1 

2 Score2_GFC_phase2 

3 Score3_Trad_phase3 
 

Table 48. Between-subjects factors 

 Value Label N 

Shift 

1 Day 35 

2 Night 17 

 

 

Similarly to motivation, learning outcomes results were based on Tests of within-

subjects effects, Tests of Between-Subjects Effects, Estimated Marginal Means 

graphics and Pairwise Comparisons. 

At last, the discussion's results on both (learning outcomes and motivation) were 

combined, aiming to respond to RQ3. 
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CHAPTER VI FINDINGS AND DISCUSSION  
 

The present chapter will present the results of the conducted research by responding 

to each research question. 

The first part presents the gamified flipped classroom environment design process, 

following all DBR iterations and results. It combines the results of all iterations resulting 

in the final learning environment for the Mozambican context. 

The second part presents the results of the pilot study of the final learning environment 

- Iteration 4 presented, then the third part presents motivation and learning outcome 

results, the quasi-experiment. In the last part, a final discussion on learning outcomes 

and motivation is made, responding to all hypotheses. 

6.1- Gamified flipped classroom environment design process (DBR) 

So, this section will present the results of the DBR process used to develop the 

gamified flipped classroom environment appropriate for programming courses in 

Mozambique. 

 

6.1.1. Iteration 1 

Iteration 1 was the first attempt to create and implement the gamified flipped classroom 

environment. The lack of knowledge about the flipped classroom at Universidade 

Pedagógica led this first iteration to focus on a flipped classroom environment and 

some gamification elements (levels), where other components were incorporated in 

the subsequent iterations. 

It took place at UP-Maputo, in 2016, 2nd-year Computer Science course, where the 

subject was Laboratory III (Java), Night Shift. 

Forty-three students were involved since the night shift enrolled a maximum of 60 

students. This number decreases yearly as some give up or change their course. 

Students had two lectures a week, and each lesson had 100 minutes. In total, there 

were four sessions of 100 minutes. 

The present research took place on the night shift because of the high number of 

students compared to the day shift, which had around 27. The number of males was 

35 and females 8.   

The gap between the number of women and men enrolled in Engineering, Information 

Technology, and Communication courses in Mozambique is generally higher, where 
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the number of women is deficient (Tambe, et al., 2022). Similarly, Ying et al. (2019) 

investigated the written responses about students' experience with pair programming 

(Java), in which 29.7% were women, and 70.3% were men.  

The flipped classroom method was implemented in topics 9 and 10 (of the subject 

plan), where students were supposed to learn how to develop GUI Java applications. 

On the one hand, classes were flipped. On the other hand, the gamification element 

"Level" was introduced in curriculum planning. 

The class sessions were reserved for discussing the study cases presented on the 

platform and for practical exercise.  

 

6.1.1.1. The base model 

 This model consisted of a Moodle platform hosted at the university's servers, using 

the domain https://programando.up.ac.mz (Fig. 56) 

 

 

Figure 56. Moodle learning platform used in iteration 1 

 

The general objectives of the subjects were: 

¶ Demonstrate using different programming elements (variables, data types 

and control structures) in solving a problem. 

¶ Illustrate object-oriented principles (classes, object, Inheritance) in 

computer science program writing. 

¶ Identify the necessary elements to program Packages and exceptions in a 

computer program. 

https://programando.up.ac.mz/
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¶ Create Graphical User Interface (GUI) applications to solve a problem. 

 

At the end of the subject, the students were supposed to acquire the following 

competencies:  

 

¶ Implement languages the basics of OOPs 

¶ Understands the importance of using OOPs in software development 

¶ Works with the Java language in GUI applications. 

 

The syllabus of the subjects (Table 49): 

 

Table 49. Subject syllabus 

 Topic Method 

1 Java evolution  Traditional classroom 

2 Overview of Java Traditional classroom 

3 Constants, variables and data types Traditional classroom 

4 Operators and control structures Traditional classroom 

5 Classes, Objects and Methods Traditional classroom 

6 Arrays, Strings and Vectors Traditional classroom 

7 Packages and Interfaces Traditional classroom 

8 Error Handling and Exceptions Traditional classroom 

9 Introduction to GUI programming Flipped 

Classroom+Gamification 

10 Events em Java Flipped 

Classroom+Gamification 

11 Final Project Traditional classroom 

 

The classes took place from topics 1 to 8, as illustrated above. Flipped classrooms 

and gamification were implemented in the last issues of the program (9 and 10). 

 

 6.1.1.2 Flipped classroom and gamification environment 

It was the first time flipped classrooms and gamification were implemented at UP-

Maputo. The proposed environment was designed through essential and 

straightforward elements, where topic 9 was the first one, followed by topic 10 (Table 

50): 
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Table 50. Topics taught through GFC 

ID Topic 

9 Introduction to GUI programming 

10 Events em Java 

 

After attending this topic, students were supposed to acquire the following 

competencies: "Works with Java language in GUI application." 

As a result, two gamified flipped classroom activities (lectures) were programmed: 

 

¶ Activity 1 - FORM DESIGN: This class's main objective was to provide students 

with all the necessary techniques to design GUI Java applications using 

different libraries.  

¶ Activity 2 - EVENT DELEGATION IN JAVA: The main goal was to illustrate the 

essential elements necessary to add events to a GUI application. 

 

Before starting the environment, the teacher conducted a preparation in flipped 

classrooms and gamification, where he presented the Moodle platform and explained 

how the classes would take place. This activity took place one week before the 

implementation.  

 

a) Implementation 

The gamified flipped classroom environment implementation took place over two 

weeks, where Activity 1 took place in week 1 and Activity 2 took place in week 2.  

 

i) Activity 1 

This activity consisted of a prepared lecture about "How to design a GUI Java 

application".   

The lecture was uploaded to https://programando.up.ac.mz through 3 tasks (jobs): 

¶ Task 1: PDF lecture about GUI programming in Java. 

¶ Task 2: YouTube video about GUI programming in Java. 

¶ Task 3: Local video, in which students could play and watch lectures about Java 

GUI programming. 

 

https://programando.up.ac.mz/
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The PDF file contains information about Activity 1 and 2, a set of lectures about GUI 

design and Event delegation. 

Students were free to choose which task to attend, as they all provided almost the 

same content.   These strategies were used as follows: 

 

¶ Student Type 1: Those who have a computer and Internet at home 

¶ Student Type 2: Those who have a computer at home but no internet access 

¶ Student Type 3: Those who have no computer and no internet access at home 

 

Most are Student types 2 and 3, as many come from families with low finances. So, 

students of type 2 or 3 could see the videos at the university (using the computer farm 

and free Wi-Fi internet), download the PDF (Fig.57) and follow the instructions or see 

the YouTube video. 

 

Figure 57. PDF lecture for download 

 

The idea was to provide facilities for students type 2 and 3 to access the content 

provided. 

 

ii) Activity 2 

The main goal of this activity is to teach students how to add events to the designed 

forms by creating a basic calculator in AWT. It corresponds to level II of the 

gamification environment. 

Students are supposed to design forms and add events to them by using one of the 

three options: 

¶ Task 1): PDF (using a guide of instructions prepared for him in a file) 
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¶ Task 6): YouTube video (programming a GUI calculator part 1) 

¶ Task 7): YouTube video (programming a GUI calculator part 2) 

¶ Task 8): 2 Local videos (watching a local video Java calculator) 

 

Figure 58 illustrates those activities in Moodle:  

 

Figure 58. Lista of Activity 2 tasks 

 

Tasks 4 and 5 were not included in the research, as they consisted of preparation for 

test 1 using a small educational game. It consisted of a "Who wants to be a millionaire" 

approach, where the students had to answer multi-choice questions starting from an 

elementary level up to the complex one, where he could have a chance to repeat until 

he won. 

 

 

iii) Gamification 

The gamification elements used were: Levels and Rules.  

The gamification element "Level" is considered part of the platform as Activity 2 

depends on Activity 2 completion; where to complete it, students had to access Activity 

1 tasks (which could unlock the next stage).   

Rules were used to define what students could do or not (Kapp, 2012), and one 

controlled activity levels so that "To access one Activity you must attend the previous 
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one". Moodle displayed Activity 2 immediately after Activity 1 completion, but many 

students were struggling to activate it.  

As a result, it had to be done manually by hiding Activity 2 during week 1. Then, after 

all, students had completed Activity 1, Activity 2 was made available to everyone 

(Table 51). 

 

Table 51. Activities per level (iteration 1) 

Activity Level 

ACTIVITY 1: FORM DESIGN IN JAVA Level 1 

TASK 1     PDF File   

TASK2      YouTube 

TASK3    Local Video 

 

ACTIVITY 2: EVENT DELEGATION IN JAVA  

Level 2 TASK 6  Youtube video (programming a GUI calculator part 1) 

TASK 7  Youtube video (programming a GUI calculator part 2) 

TASK 8  Local videos (watching a local video Java calculator)  

 

The class session occurred in the laboratory room, within 25 operational computers. 

Students presented the results of the classes they attended at home. The course 

consisted in form design in which each student should design a form in Java using the 

materials accessed in the platform. Table 52 illustrates the used FC environment: 
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Table 52. Flipped classroom learning environment (iteration 1) 

In class activities Outside activities 

- Teacher got feedback from students 

about the activity (GUI form design) for 20 

min. Students presented their difficulties 

with the topic of the lecture. 

The teacher provided a group task, which 

consisted of programming a GUI Java 

application similar to the one provided in 

the platform (20 min) 

- Students solved the task, and two 

groups presented their proposal on the 

whiteboard to be discussed (50 min.) 

The teacher gave the last considerations 

about the lecture (10 min). 

 

- Students access the Moodle platform to 

watch the uploaded lecture about "Java GUI 

form design", choosing one of the provided 

options (which unlocks the next activity) 

- Program a GUI Java application following 

the same steps on the platform. 

Adapted from (DôSouza & Rodrigues, 2015) 

Many students presented difficulties in doing the class at home. Many of them could 

not access the course from home. That fact forced the teacher to implement group 

activities, where each group should have at least one student who attended the class 

at home.  

 

6.1.1.3. Results of Iteration 1 

Results of iteration 1 consist of two dimensions: The first was based on Moodle logs, 

where the goal was to analyse how many students accessed the uploaded activities 

and which strategy they chose the most. Moodle logs were collected and processed 

using graphics and descriptive statistic frequency. 

The second approach was students' perceptions about the used environment, where 

they gave their overview of the used learning environment. 

 

a) Moodle access logs 

Table 53 shows that almost all the activities had meagre participation, whereas less 

than 50 attended the most accessed one (TASK1). The most accessed activity was 

the PDF file rather than other YouTube or local videos. 



158 
 

 
 

Table 53. Number of accesses per task 

Activity Freq. 

ACTIVITY 1: FORM DESIGN IN JAVA 

TASK 1  PDF File  23 

TASK 2  YouTube 3 

TASK 3  Local Video 0 

ACTIVITY 2: EVENT DELEGATION IN JAVA 

TASK6: Youtube video (programming a GUI calculator part 1) 16 

TASK7: Youtube video (programming a GUI calculator part 2) 12 

TASK8: 2 Local videos (watching a local video Java calculator) 9 

 

Figure 59 presents the definitive version of Table 53: 

 

 

Figure 59. Activity access summary 

 

 

b) Student's perception of the learning environment 

A focus group Interview was planned. However, it was impossible to divide students 

into groups as the time was short because it took place on the last day of the classes. 

So it resulted in an open-ended questionnaire, similar to Matsumoto (2016). It then 

consisted of running an open-ended questionnaire with all the students in the same 

group.  

So, the present research consisted of one fundamental question: what are your 

perceptions about the environment used (flipped classroom)?  

0 5 10 15 20 25

Task 1 [ PDF File ]

Task 2 [ YouTube]

Task 3 [ Local Video]

Task 6: Youtube video (programming a GUI
calculator part 1)

Task 7: Youtube video (programming a GUI
calculator part 2)

Task 8: 2 Local videos (watching a local video java
calculator)

Activity access summary



159 
 

 
 

The idea was to get initial thoughts about the environment by collecting student 

answers. 

Only 7 Students presented their answers below: 

¶ Student A ï "At the blackboard, the teacher needs to give more dynamics; in 

the platform, he should not do much mixing ... At the blackboard, the teacher 

should detail, start an exercise and finish instead of attending the next one".  

¶ Student B ï "The platform was a necessary evil, although, during the class 

sessions, some of my classmates presented solutions copied from the 

Internet." 

¶ Student C ï "In the studies methods, I think the teacher had to give the two 

strands, give the content on the whiteboard and, if possible, repeat it on the 

platform. It wasn't easy to see how the platform worked. The first time I had to 

see what was going on, some colleagues asked me for help. There was a lack 

of demonstration about the use of the platform." 

¶ Student D ï "I do not know if it was my fault or the teachers. When I introduced 

the material on the platform, we had no idea what was happening, and in the 

class sessions, the teacher explained that everyone had already entered the 

platform. It was difficult to run after that time," 

¶ Student E ï "On the platform, we had an exercise where we had to share ideas, 

no one was present, and I would like to invite colleagues to work as a team. 

Let's use our platform as we do with Facebook or WhatsApp." 

¶ Student F ï "Let's share our ideas on the platform instead of leaving them in 

the notebook. The computer farm was not accessible, and our classes start at 

5 pm (I do not have time during the day). I suggest making the computer farm 

accessible. The evaluation given was taught. It requires a higher level of 

compression. It would be better to group tests as well". 

¶ Student G ï "Many say they could not access the platform, but from the phone 

and tablet, it was possible to access it. I had no problems because the platform 

was very accessible." 

 

The collected data were analysed by extracting relevant information from each 

provided answer to create categories. In inductive category development, categories 

were created based on RQ1 and RQ2. Thus, codes were organised into subthemes 
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grouped into two core sub-categories: Positive and Negative (Alanazi et al., 2017). 

Then these categories were first analysed separately and then combined in graphics. 

Table 54 referred to students' perception of the learning environment, resulting in 

categories for each answer and frequency. 

 

Table 54. Student perception category creation in iteration 1 

CATEGORY Theme sub-Cat. Freq. 

PLAT_NOT_MIXING In the platform, he should not do much 

mixing 

Negative 1 

START_FINISH_EXERC At the blackboard, the teacher should 

detail, start an exercise and finish 

Negative 1 

PLAT_NEC_EVIL The platform was a necessary evil Positive 1 

TEACH_ASIF_EVONE_A

CCESSED 

the teacher explained as if everyone had 

already entered the platform 

Negative 1 

LACK_DEMO There was a lack of demonstration about 

the use of the platform 

Negative 1 

SHOULD_GROUP_WOR

K 

I would like to invite colleagues to work 

as a team 

Negative 2 

PLAT_LIKE_FB let's use our platform as we do with 

Facebook or WhatsApp." 

Negative 1 

COMP_FARM_INACCES

S 

The computer farm was not accessible 

many times, and it should be 

Negative 1 

PLAT_WAS_ACCESS From both the phone and tablet, it was 

possible to access it 

Positive 1 

 

A comparison of the two main subcategories is shown in Figure 60. Initial results 

indicate a high number of positive responses compared to negative ones. 
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Figure 60. Negative and positive perception 

 

The purpose of category grouping is to facilitate processing as data will continuously 

be filtered or sorted during data analysis (Friese, et al., 2018). Another grouping was 

done by dividing student perception categories into two other sub-categories: 

perceptions about the platforms and the environment. Figure 61 below shows how 

grouping was done.  

 

 

Figure 61. Category grouping in ATLAS ti. 

 

ABOUT THE ENVIRONMENT category refers to answers related to the learning 

environment, and  THE PLATFORM is composed of answers about the platform (Fig. 

62). 

20%

80%

Iteration 1 - perceptions

Positive Negative
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Figure 62. Sub-category about the learning environment 

 

The categories above refer to the recommendation about the learning environment, 

focusing on aspects related to learning and teaching during in-class sessions.  

 

 

 

Figure 63. Sub-category about the learning platform 

 

The categories in Figure 63 refer to perceptions about the platform used (Moodle). 

 

6.1.1.4 Discussion of iteration 1 results 

The first iteration was vital as it was the first contact with flipped classrooms and 

gamification for students of UP-Maputo. 

Analysing Moodle access logs, it was possible to notice that few students could access 

the platform. In activity 1, the most accessed activity was the PDF File with 23 

students. Very few preferred YouTube or local video. The fact that many of them 

preferred the PDF version may be related to the facility of sharing it, as many students 

could share it among themselves without using the Internet but using smartphones or 

flash drives. Another possible reason is that the PDF File contains all lectures from 

Activity 1 and activity 2. However, videos have been a critical element in a flipped 
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classroom. Researchers like Ho and Chan (2016) and Bergmann and Sams (2012) 

have emphasised this aspect putting aside those who implemented flipped classrooms 

without videos as out-class instruction media. 

 

Suppose, on one side, a PDF offers a student a set of static text and images and an 

easy way to access a video. In that case, they can look at animated multimedia 

elements allowing them to control it by pausing, rewinding or forwarding. 

 

"Jonathan's daughter was in one of his classes, and while Jonathan 

observed her watching one of the videos at home, she suddenly 

burst out and said, "I love these videos." He asked her why. She 

said, "I can pause you!" (Bergmann & Sams , 2012, p. 24) 

 

So, it gives the first evidence that the learning environment should consider that 

students have limitations in accessing instructional videos directly from Moodle or 

through external Internet sources like YouTube. If a student has to choose between a 

PDF and a video, he/she will select a PDF. 

 

Student's impressions about the learning environment indicated that: 

¶ START_FINISH_EXERC:  Somehow, class sessions should be planned better 

because the resolution of the exercises did not reach the solution. 

¶ TEACH_ASIF_EVONE_ACCESSED: Not all students had accessed platform 

content before attending the class sessions, and the teacher should consider 

it. 

¶ SHOULD_GROUP_WORK: Although group activities were conducted during 

some in-class sessions, it became clear that there was a need to increase 

cooperative learning activities. 

 

Student's impressions about the learning platform indicated that: 

¶ PLAT_NEC_EVIL:  The first experience with the platform was difficult for 

students. 

¶ LACK_DEMO: Illustrated the need for more elaborated training on using the 

platform. 
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¶ PLAT_NOT_MIXING: Some students feel uncomfortable after a diversity of 

content presentation.  

¶ PLAT_LIKE_FB_WTP: The platform can be used similarly to social network 

applications. 

¶ PLAT_WAS_ACCESS: For some students, the platform was accessible.  

¶ COMP_FARM_INACCESS: Those students with no conditions (computer or 

Internet at home) could not access facilities provided by the university, as they 

were not available when needed. 

 

Iteration 1 gave the first inputs about how a gamified flipped classroom environment 

should be designed and also provided students' impressions about the designed 

environment. 

Moodle logs showed that very few students could access video content on the 

platform, but PDF was the most preferred one, although less than half of students 

accessed it. So, the next iteration should provide a platform with more attractive 

videos, maybe those prepared by the subject's teacher. Following Bergmann and 

Sams's (2012)  recommendation, it becomes clear that the following learning 

environment should rely on videos too as an instructional tool. 

Students' perception of the platform added suggestions like the need for training or 

the necessity of computer farm availability, indicating that students need facilities for 

Internet access and a computer lab. 

Students' impressions indicated that class sessions should be more organised so that 

they begin and end a problem and think about those students who could not access 

the flipped classroom. It also showed that group activities should be more frequent, 

thus, creating groups with at least one active student (who managed to access a 

flipped classroom). 

Although only 7 out of 43 students responded to the focus group interview, they 

provided information for the next iteration. Because all iterations used the same 

methods, this would provide Iteration 1's data consistent with other iterations', 

facilitating comparison among them.  
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6.1.2. Iteration 2 

Iteration 2 consisted in implementing a gamified flipped classroom in the Computer 

science programming subject at Universidade Pedagógica considering results from 

iteration 1. 

Thus, flipped classrooms considered the following aspects: 

 

Aspect 1 - The platform was as simple as possible, with videos related to a specific 

task/case study. Studying at home does not consist of only watching videos; it may 

also consist of using practical tasks that could stimulate cognitive processes (Weidlich 

& Spannagel, 2014). Following this assumption, video watching was combined with a 

problem or a study case to be solved, leading to a combination of a flipped classroom 

with Problem-Based Learning (PBL) proposed by Schmitz (2016).  

The teacher created the videos in the Portuguese language. 

 

Aspect 2 - The computer farm was accessible to all students from 8 am to 3 pm, 

allowing each to have a computer with an Internet connection. So, students with no 

Internet or computer had the opportunity to do their classes. However, they would do 

them at home instead of at home.  

 

Aspect 3 - Some activities were done in groups during the class sessions stimulating 

collaborative learning as proposed by Zamora-Polo et al. (2019). 

 

This report presents the results of phase 2, which took place at UP, 2nd year of 

computer science (day shift), from April to May of 2017, Semester 1. Moodle platform 

was hosted in the URL:  

https://programando.up.ac.mz/course/view.php?id=6.  

 

It took place in the day shift class because it had a more significant number of 

participants, 80 students. This number is so elevated because of students who failed 

to pass the subject last year, so they were repeating the subject. Of the 80 students, 

14 never accessed the platform, and 66 managed to access it at least once. 

Similarly to iteration 1, students had two lectures per week, where each lesson had 

100 minutes. In total, there were six sessions of 100 minutes each. 

In terms of gender, 13 were female, and 53 were male.  

https://programando.up.ac.mz/course/view.php?id=6
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This tendency may be caused by the gender difference regarding ICT and engineering 

enrollment courses, which in Mozambique has been tremendous, having more men 

than women in those areas (Tambe, et al., 2022)   

6.1.2.1. The base model 

The flipped classroom method was implemented in topics 3 and 6 of Course Outlines. 

In topic three, they discussed all the concepts related to classes and objects (objects, 

methods, array of objects, constructors, static members) in C++ using Moodle as the 

central platform. Topic 6 covered the polymorphism concept, where they discussed 

pointers to objects, pointers to derived classes and virtual functions. 

After accessing a class in the platform, students were required to solve a study case 

(a problem) and present a proposal for a solution in the classroom session. So, 

students watched videos to solve a problem. 

 

The remaining topics relied on the traditional teaching method in which the teacher 

uses the whiteboard to present the new topic in the classroom, and the students do 

the exercises/homework at home. 

 

The general Objectives of the subject were: 

¶ Implement languages the basics of OOPs 

¶ Understand the importance of using OOPs in software development 

¶ Works an OOP language. 

 

At the end of the subject, the students were supposed to acquire the following 

competencies:  

¶ Discuss alternatives for the Languages project; 

¶ Implement concepts such as Inheritance, abstraction, encapsulation of data 

and polymorphism. 

¶ Develop basic applications using the principles of OOPs. 

 

 

The syllabus of the subjects is illustrated in Table 55: 
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Table 55. Subject syllabus 

No. Topic  Details 

1 Object Oriented principles Traditional classroom 

2 Revision of basic programming (Constants, 

variables, data types and control structures) 

Traditional classroom 

3 Classes, objects and methods Flipped Classroom and Gamification 

4 Inheritance Traditional classroom 

5 Overloading Traditional classroom 

6 Polymorphism Flipped Classroom and Gamification 

7 Input/Output Stream Traditional classroom 

8 Project Traditional classroom 

The flipped classroom method was implemented in topics 3 and 6. In topic 3, they 

discussed all the concepts related to classes and objects (objects, methods, array of 

objects, constructors, static members). Topic 6 covered the polymorphism concept, 

where they discussed: pointers to objects, pointers to derived classes and virtual 

functions.  

The main reason for choosing topics 3 and 6 is that Classes, objects and methods 

provide the first contact with object-oriented programming, allowing students to learn 

a new topic in a new way. Topic 6 was chosen for its importance in object-oriented 

programming (OOP) and as the last OOP concept in the syllabus.  

The remaining topics were discussed using the traditional teaching method in which 

the teacher uses the whiteboard to present the new topic in the classroom, and the 

students do the exercises/homework at home. 

 

6.1.2.2 Flipped classroom and gamification environment 

The environment consisted of preparing classes and publishing them on the platform 

so students could access them to solve a published study case. Class sessions were 

reserved for discussing and solving the case study (in groups or individually).   

Class topics were organised as shown in Table 56: 

 

Table 56. Gamified flipped classroom topics 

Topic Content 

3 Classes, objects and methods 

6 Polymorphism 
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After completing topic 6, students would gain the competence:  

¶ Implement concepts such as Inheritance, abstraction,encapsulation of data and 

polymorphism. 

Topic 3 would provide the competence: 

¶ Develop basic applications using the principles of OOPs. 

As a result, four activities were programmed, being 3 for each topic: 

 

TOPIC 3 AND 6 ACTIVITIES 

Activity 1 - Theory reading about object-oriented programming: This activity aimed to 

teach students basic object-oriented concepts through text or link material. 

1. Activity 2 ï Classes and objects: The main purpose was to illustrate how to 

program objects and classes to solve a specific problem. 

2. Activity 3 ï Static methods and data: The objective was to understand the use 

of "static" in the OOP case study. 

3. Activity 4 ï Polymorphism: This activity aims to apply the polymorphism concept 

in solving a specific case study. 

 

Following the same approach as in iteration 1, the gamification element "Level" was 

used to organise Activities in levels. The condition to pass to one activity was to access 

the previous one. So, Activity 1 was programmed to unlock Activity 2, and Activity 2 

would unlock Activity 3 and Activity 3 would unlock Activity 4.  

a) Preparation 

Training students for the correct use of a flipped classroom environment is 

fundamental, as, during iteration 1, some students did not understand how to study in 

such an environment. 

Thus, it consisted of a presentation about how a flipped classroom works and how the 

class environment would work. The university's computer farm was available for 

students with no computer or Internet at home.  
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b) Implementation 

In the same strategy as in iteration 1, the flipped classroom and gamification 

implementation took place for three weeks. Activity 1 and 2 took place in week one. 

Activity 3 occurred in week two, and Activity 4 in week three. 

 

i) Activity 1 

The main goal of this activity is to teach the basic concepts of object orientation 

programming using two website links:  

¶ Link2:http://www.devmedia.com.br/os-4-pilares-da-programacao-orientada-a-

objetos/9264 

¶ Link1: https://pt.wikipedia.org/wiki/Orienta%C3%A7%C3%A3o_a_objetos 

The students were supposed to read two approaches to the main object-

oriented principles as an introduction. During the classes, each student had to 

present a summary of each principle and give examples. 

The class session involved an open discussion about OOP concepts and summary 

presentations. Some students did the class at home during class sessions, but most 

did not, so they did not contribute.  

 

ii) Activity 2: Classes and Objects 

The primary purpose of this activity is to discuss and implement objects in C++ in 

which 5 video class activities were posted. It started with the following problem: A 

school uses software to manage students' data. Develop an application to insert and 

display the information of at least two students. Each student has an ID, name and 

gender. 

So, to solve this task, they should open their compiler and try to follow the steps of the 

next five videos (5 minutes each), where software was being built with explanations 

related to the Object-Oriented concepts. 

Video lecture part 1:  This video explains how to collect information about the class 

and its characteristics with a focus on class data. As a result of this problem, a student 

class was created with the data: ID, Name and Age.  

 

Video lecture part 2:  This video explains how to identify methods of the class and 

how to draw them correctly. Then the video explains how to create the file program in 

http://www.devmedia.com.br/os-4-pilares-da-programacao-orientada-a-objetos/9264
http://www.devmedia.com.br/os-4-pilares-da-programacao-orientada-a-objetos/9264
https://pt.wikipedia.org/wiki/Orienta%C3%A7%C3%A3o_a_objetos
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the turbo C++ compiler (Fig. 64). As a result, two methods were added to the student 

class: insert () and display (). 

 

Figure 64. Video lecture part 2 
 

Video lecture part 3:  This video explains how to create a class in the compiler (turbo 

c++), where a student class was created along with its data (ID, name and gender). 

Then the object (student) was created and initialised with primary data. They had the 

first chance to create a single student in the program. 

 

Video lecture part 4: In this video, they had the task to add methods to the created 

objects following the task; in video lecture 5, they had to create various objects using 

an array of objects. 

 
Study Case 

This study case was solved in a class session, where they had to develop software to 

manage a micro-credit company with clients (process no, name, address and amount). 

The software should insert and display 200 clients, then print a report displaying the 

sum of loans of the ladies and the client with the highest dept. The video instructional 

lectures moulded students with baselines for solving the published case study. 

During the class session, it was possible to note that more than half of the students 

had not done the case at home, as they could not access the platform because of 
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different reasons like no computer, no internet at home, and computer farm being 

locked. These reasons were detailed during the focus group interview. 

 

iii) Activity 3: Static Methods and Data 

This activity discusses the implications of declaring a method or data as static. It starts 

with a short explanation and a link about the importance of a study case: 

Study Case: A school needs software which allows many students to donate an 

amount. Ultimately, the system must print the total amount accumulated in the 

contribution. 

To solve the case study (problem), two videos were developed: Use of static members 

part 1 and use of static members part 2.  

 

Use of static members part1 

This video (Fig. 65) presents the concept of static in object-oriented as long as the 

relationship with the study case. 

 

Figure 65. Video of static members (part 1) 

 

Use of static member part2 

This video (Fig. 66) continues the previous one, where the software is developed, 

along with explanations about the previously discussed theory video. 
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Figure 66. Video of static members (part 2). 

 

Class session: 

At the class session, a study case was solved. The study case was the following (Fig. 

67): 

 

Figure 67. Study case description 

 

English translation: "Develop an OOP application that allows you to collect IRPS and 

IPA taxes on 500 banking institutions. Each one has a Name, ID and Capital. Each 

time the bank pays these taxes, its capital is reduced. The system must print a report 

by printing the accumulated amount in IRPS and IPA. It should print out the institution 

that contributed most of the taxes." 

 

This study case was developed in class, where the students shared their ideas on the 

whiteboard. Other students presented their doubts about the topic individually.  
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iv) Activity 4: Polymorphism 

The last topic is polymorphism. There was no study case because of the complexity 

of polymorphism, where the teacher opted to create a different task. Students were 

supposed to follow the instructions in the video. Repetition was the base model of the 

class, where the study case was discussed in the classroom. So, it was divided into 

three videos: 

 

Pointer to Objects 

In this video, the teacher presented the concept of pointer to object, which is required 

to understand polymorphism. 

 

Pointer to derived class 

In this video (Fig. 68), the teacher explained with a study how to create a pointer for a 

derived class. Students were supposed to try it at home, following the provided steps: 

 

Figure 68. Pointer to the derived class video lecture 

 

Polymorphism (virtual functions) 

This video is about the application of polymorphism in C++, where the knowledge 

discussed in the two previous videos was applied. The teacher used a study case to 

show how to use this concept in real-life situations. 
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Class session 

During the class session, there were many doubts from students who attended the 

home lecture and those who could not. The class session consisted in attending to 

students' questions about polymorphism. 

 

v) Gamification 

In the same vein as Iteration 1, gamification elements were: Levels and rules. The 

level was used to organise activities so that, after completing one, students could 

access the next one. Thus, Activity 1 unlocks Activity 2, Activity 2 unlocks Activity 3 

and Activity 3 unlocks Activity 4. To archive it, Moodle's conditional activity option was 

set up, where the student just needed to access Activity videos to unlock. Another fact 

is the difficulty level: Activity 1 is the easiest one. So, the level of difficulty increases 

when the student passes to the next activity. Activity 4 is the most difficult since it 

involves applying all previous topics (Classes, objects, pointer to objects, method 

overriding) in one topic, "Polymorphism". Table 57 illustrates how activities were 

divided into levels. 

 

Table 57. Activities are divided into levels 

Activity Level 

Activity 1 - THEORY READING  

Level 1 TASK 1 [Link1] 

TASK2 [Link 2] 

ACTIVITY 2: CLASSES AND OBJECTS  

 

Level 2 

Video lecture part 1 

Video lecture part 2 

Video lecture part 3 

Video lecture part 4 

Video lecture part 5 

ACTIVITY 3: STATIC METHODS AND DATA  

 

Level 3 

Use of static members part1 

Use of static member part2 

ACTIVITY 4: POLYMORPHISM  

 

Level 4 

Pointer to Objects 

Pointer to derived class 

Polymorphism (virtual functions) 
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Rules were used to control what could be done or not during classroom Moodle 

lectures. They consisted of regulating activities so that one activity must be done 

before passing to the next. It was done by Moodle's conditional activities, adapted from 

Denmeade (2015). 

Similarly to iteration 1, there was a need to allow students to mark an activity as 

completed manually. It minimised students' difficulty passing to the next activity since, 

in iteration 1, many struggled to activate the next activity.  

Class sessions took place in a computer science laboratory with 22 working 

computers. Since computers were not enough for all students, some brought their 

laptops, and others had to sit in groups with three students per computer.  

Flipped classroom environment (Table 58) had the same characteristics as in 

iteration1 but with some differences: 

 

¶ The subject's teacher recorded all used videos. 

¶ Lectures were based on videos and links. The idea was to focus on videos and 

see the student's perception of them because, during Iteration1, students 

ignored videos as the PDF file had all contents. The other reason is the 

computer farm, accessible to all students with no computer or Internet at home, 

so they could easily access the university's facilities. 

¶ Flipped classroom Classes based on the case study, where the main goal was 

to watch videos and try to solve. The class session was used to present the 

possible solutions or difficulties. 

 

Table 58. Flipped classroom environment  

In class activities Outside activities 

The teacher got feedback from students 

about case studies or short summaries when 

needed (20 minutes). 

Students access the Moodle platform to 

watch the uploaded lecture and solve the 

case study 

6.1.2.3 Results of Iteration 2 

The results of this second iteration are presented in two approaches: Moodle logs and 

student's perception of the used learning environment. 
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a) Moodle access logs 

Table 59 below illustrates how many students accessed each task in the platform.  

 

Table 59. Number of accesses per task 

ACTIVITY Freq. 

Activity 1 - THEORY READING  

TASK 1 [Link1] 60 

TASK2 [Link 2] 28 

ACTIVITY 2: CLASSES AND OBJECTS 

Video lecture part 1 34 

Video lecture part 2 26 

Video lecture part 3 22 

Video lecture part 4 22 

Video lecture part 5 21 

ACTIVITY 3: STATIC METHODS AND DATA 

Use of static members part1 27 

Use of static member part2 21 

ACTIVITY 4: POLYMORPHISM 

Pointer to Objects 21 

Pointer to derived class 8 

Polymorphism (virtual functions) 9 

 

The illustrated version in Figure 69 shows a better picture, as it illustrates information 

in columns. Results indicate that activity 1 had the highest number of accesses. 
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Figure 69. Graphic representation of the number of accesses per task 

 

Figure 70 provides detailed information about each group (level) of activities, 

displaying a connection when moving from one activity to another.  

Results enforce the previous one, as the number of accesses reduces when moving 

from one activity to another. 
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Figure 70. Detailed graphic representation of the number of accesses per task 

 

Figure 71 indicates the average access between each group (level) of activities so that 

it could be possible to understand the most accessed level. 

 

 

Figure 71. Activity summary graphic of iteration 2 

 

 

  

44

25

24

14,5

A C T I V I T Y  1  - T H E O R Y  R E A D I N G  A B O U T  
O B J E C T  O R I E N T E D  P R O G R A MMI N G

A C T I V I T Y  2 :  C L A S S E S  A N D  O B J E C T S

A C T I V I T Y  3 :  S T A T I C  ME T H O D S  A N D  D A T A

A C T I V I T Y  4 :  P O L Y MO R P H I S M

ACTIVITIES SUMMARY



179 
 

 
 

b) Student's perception of the learning environment 

At the end of the course, a focus group interview was conducted to collect students' 

perceptions about the Moodle platform and flipped classroom classes. To process 

data, "Qualitative content analysis" was used, in which data were collected and 

organised into categories (Mayring & Fenzl, 2014).   

Similarly to Matsumoto's (2016)  open-ended questionnaire, a focus group interview 

was conducted, where students had to answer the following questions: 

 

Qt1 - What is your perception about the used platform/environment (Flipped + Moodle) 

Qt2 - What is your suggestion to improve it? 

 

A range of 33 students attended the focus group interview. Each group had one 

moderator (student) chosen by members. The role of the moderator was to conduct 

and record the interview. The answers were recorded and processed in categories 

using inductive creation. 

 

The qualitative content analysis consisted in collecting students' answers in all groups, 

followed by category creation, where in each answer, the relevant information is 

marked and coded as displayed (Alanazi et al., 2017). Figure 39 shows how such 

categories were created using an inductive approach. 
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Table 60 illustrates the counting of each category based on the comments made by each group. Data analysis was based on each 

category's student comments (relative frequency). 

 

Table 60. Answers and frequencies of student's perceptions 

CATEGORY CODE Relevant answers FREQ. 

CLASS_SESSION_MORE_P

RACT 

Classroom classes should be practical; More practical exercises 2 

COMP_FARM_INACCESS The computer farm was not accessible/was closed 3 

CREATE_MORE_GAMES Should create more game-related  1 

DIFF_ACCESS I had many difficulties sending the activities to the system; I had many difficulties downloading 

the videos and uploading the works on the platform. It was not easy to access 

6 

EASY_UNDERSTAND/FACIL

ITATE PERCEPTION 

help the student, facilitate perception;  

Inverted classes are easy to understand; we had more perception of the platform; the video 

helped us to understand some programming errors, 

4 

EXAMPLES_NOT_CLEAR sometimes the examples were not very clear 1 

FEW_INTERRACT_IN_CLAS

S 

few people were interacting in the room 1 

FLIP_CLASS_NOT_EFECTIV

E 

inverted classes are not as effective as it looks 1 

IMPROV_CLASSROOM_CO

ND 

Improve the lab/class conditions (some computers do not work) 1 

IMPROVE_CONTENT_PLAT Improve the platform. The new content should appear at the top of the page so that it will be 

noticed. 

1 

IMPROVE_EVALUATION Tests were very tight. There should be time dedicated to exercises; 

The form of assessment should be varied. Written tests are not enough, and maybe dialogue or 

showing new ideas, oral tests too; the evaluation method I think I should not consist of too many 

tests (3 tests at maximum) 

3 
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IMPROVE_LOGIN Improve login of the platform; Accessibility, we could not change our password. If the password 

was not the default, other colleagues can log into your account and download others' work; 

privatise access to the platform, and everyone can change their password 

3 

IMPROVE_VIDEOS videos should be improved; I would like the videos to be very audible; 

create longer video lessons as it would make it easier; 

8 

INTERNET_SLOW_EXP few people accessed the platform due to the lack of Internet; the Internet is expensive; the 

Internet was slow;  

9 

LACK_OF_COMPUTER who do not have a computer 1 

MIGRATE_TO_ANDROID Redirect platform to app Android version 1 

MORE_DIVERSE_CONTENT more videos, more PDFs, where the student would have the option of choosing; Teacher should 

put more stuff on the platform, do not stay too long without publishing new stuff 

2 

PLAT_GOOD The platform was efficient; Inverted classes are good; the platform is the best method; In My 

point of view, the inverted classes were good, the platform was positive because it helped a lot; 

21 

PLAT_OFFLINE Platform was offline 3 

PLAT_WAS_ACCESS Platform was accessible 1 

POSS_REVIEW_ANY_TIME Allows reviewing the materials for better learning; always have something to do; we could see it 

repeatedly; because there is the material you can review (on the video); help the student to have 

distance learning, anytime, anywhere. 

16 

POSSIB_RESEARCH_SELF_

STUDY 

leads the student to research;  

becomes self-learners 

2 

SHOULD_HAVE_FORUM we should have a forum where we can discuss ideas among students, 1 

STUDENT_CAN_BE_TEACH

ER 

It could also be the students who teach the classes in some cases, be the student at the front of 

the class 

1 

SUMARIZE_NOT_GOOD Instead of trying to give summarised classes, and then there is little time for practice. 1 

TOO_MANY_TASKS Class sessions had many activities (excessive); assignments were too much (40 exercises). 2 

TRADICT_CLASS_STUDENT

_AFRAID 

traditional ones have a disadvantage because the student is sometimes afraid to ask the teacher 

something; traditional ones are not all good because the student may not present their doubts to 

the teacher, fearing reprisals 

2 

UPLOAD_ALL_CLASSES Upload almost all classes to the platform. 1 
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Figure 72 below gives a better picture of the frequencies of each category, displaying 

categories a clear view of the most referenced categories, which in this case was 

"Plat_Good" with 21 answers, followed by "Poss_review_any_time" with 16 

responses. 

 

Figure 72. Student's perception on iteration 2 

 
Similarly to iteration 1, Mayring's inductive category development model was used, 

followed by grouping generated subcategories. 

Category grouping provides a better view of given answers, as done by Friese et al. 

(2018) and Walter and Bach (2015). Following the same strategies, answers were 

organised into two groups, where group 1 provided codes for Qt1 (What are your 

perceptions about the used platform/environment (Flipped + Moodle) and group2 for 

Qt2 (What is your suggestion to improve it?).  

For Qt1, two more groups were created: POSITIVE FEEDBACK and NEGATIVE 

FEEDBACK. POSITIVE FEEDBACK is a set of answers which provide answers about 

how good the platform/environment was. NEGATIVE FEEDBACK is a set of answers 

about students' perceptions in a negative approach, suggesting that there were 

difficulties. In Figure 73, it is possible to see how categories were grouped in these 

two parts: 
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Figure 73. Category grouping for Qt1 
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Following the category grouping above, negative/positive feedback analysis data were 

exported to MS EXCEL, resulting in the following frequency data in Table 61: 

 

Table 61. Negative and positive student perception 

Negative student perception 
 

FRE

Q 

INTERNET_SLOW_EXP 9 

DIFF_ACCESS 6 

COMP_FARM_INACCESS 3 

PLAT_OFFLINE 3 

EXAMPLES_NOT_CLEAR 1 

FEW_INTERRACT_IN_CLASS 1 

FLIP_CLASS_NOT_EFECTIVE 1 

 LACK_OF_COMPUTER 1 
 

    Positive student perception 
 

FRE

Q 

PLAT_GOOD 21 

POSS_REVIEW_ANY_TIME 16 

EASY_UNDERSTAND/FACILITATE 

PERCEPTION 

4 

POSSIB_RESEARCH_SELF_STUDY 2 

TRADICT_CLASS_STUDENT_AFRAID 2 

PLAT_WAS_ACCESS 1 
 

By calculating the sum of each group, figure 74 was generated. It shows that the 

majority of perceptions were positive, with 94%. 

 

 

Figure 74. Average of positive and negative perception 

 

For Qt2 analysis, two more groups were created: IMPROVE PLATFORM and 

IMPROVE CLASS SESSIONS. IMPROVE PLATFORM group are those answers 

related to platform improvements, and IMPROVE CLASS SESSIONS are those 

answers that provided general feedback about class sessions (Fig. 75). 

Positive feedback
94%

Negative
6% Student's perception average

Positive feedback Negative
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Figure 75. Category grouping for QT2 
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For better understanding, each group were exported to Microsoft Excel and analysed 

separately: 

 

Category group about the platform 

Data in Table 62 indicates that IMPROVE_VIDEOS was the most answered category, 

suggesting that videos needed improvement. 

 

Table 62. Category counting about the used platform 

Category Freq 

CREATE_MORE_GAMES 1 

IMPROVE_CONTENT_PLAT 1 

IMPROVE_LOGIN 3 

IMPROVE_VIDEOS 8 

MIGRATE_TO_ANDROID 1 

MORE_DIVERSE_CONTENT 2 

SHOULD_HAVE_FORUM 1 

UPLOAD_ALL_CLASSES 1 

 

Category group about class session improvement 

Table 63 data elucidates that the most commented category was the one related to 

evaluation improvement with three responses. 

 

Table 63. Category counting about the class session 

CATEGORY FREQ 

IMPROVE_EVALUATION 3 

CLASS_SESSION_MORE_PRACT 2 

TOO_MANY_TASKS 2 

IMPROV_CLASSROOM_COND 1 

STUDENT_CAN_BE_TEACHER 1 

SUMARIZE_NOT_GOOD 1 
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6.1.2.4 Discussion of iteration 2 results 

Present iteration 2's result will be discussed by looking at previous results, focusing 

on Moodle logs and students' impressions about the used learning environment. 

Moodle logs in Figure 57 indicate that for each activity, the first task was the most 

accessed in each set of activities. For activity 1, Link 1 had the most access (60), then 

Link 2 decreased to 28. The same thing happened to Activity 2, where "video lecture 

part 1" had 34 accesses, but in "video lecture part 2", it decreased to 26, and the 

remaining videos had 21 to 22 accesses. Similar results were identified in Activities 3 

and 4. Similarly, it was noted that in Figure 58, the number of accesses reduces after 

moving from one activity to another. The calculus of the average in each activity also 

confirmed that assumption, as illustrated in Figure 59. 

It may indicate that, for some reason, students' motivation or desire to access class 

tasks in Moodle decreases immediately after accessing the first task or activities. A 

possible reason may be related to the lack of Internet 3G Internet Megabytes. Many 

of them may have preferred to buy Megabytes for at least accessing the first tasks or 

activities and try to get other videos from colleagues who downloaded and shared, 

despite the availability of the university's facilities like computer farm and Internet. 

Another reason could be the difficulty level, as the first level of activities (Activity 1) 

was more accessible than the last (Activity 4). So, it may be assumed that students 

had difficulties understanding one activity and ignored the next one.  

So, group 1's student perception provided more information about the possible 

reasons for the decrease of Moodle access by Qt1 (What is your perception about the 

used platform/environment (Flipped + Moodle)? 

By generalising Figure 61 and Table 33, it was possible to notice that the most ranked 

positive, with a 94% average. Positive categories were:  

 

¶ The platform was good (21 answers) 

¶ I was allowed to review or access learning content anytime (16 answers) 

 

Another reason was that the environment was easy to understand 

(EASY_UNDERSTAND/FACILITATE PERCEPTION) with four answers. 

On the other hand, the other 6% of categories provided information about negative 

aspects:  
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¶ Internet was slow or expensive (9 answers) 

¶ Videos need to be improved, and they were not audible enough (8 answers) 

¶ Computer Farm was not always accessible (3 answers) 

¶ The Moodle platform was offline (answers) 

 

So, results indicate that besides the university providing a computer farm for students, 

they could not use it regularly. For this reason, they tried to buy Internet MB on their 

own, making things difficult because the Internet is expensive.  

Another aspect is related to the availability of the platform, where three answers stated 

that the Moodle portal was offline. 

These perceptions can be associated with Moodle access logs because students may 

have difficulty accessing all activities due to limitations (Internet, Platform, and 

Computer Farm).  

So, regarding the learning environment, it may be assumed that: 

¶ Although the used learning environment had positive comments, there were still 

limitations in accessing class tasks from the platform.  

¶ The learning environment should be prepared in such a way that students with 

lack resources have a chance to access class content (Iteration 1) 

¶ A learning environment should be adapted to engage students in accessing all 

tasks and activities. 

 

Group 2's student perception provided information through Qt2 (What is your 

suggestion to improve it?).  

They were analysed in two separate approaches: IMPROVE PLATFORM, which 

indicates comments about the platform improvements, and IMPROVE CLASS 

SESSIONS which indicates improvements in in-class sessions. 

 

Thus, analysing responses about platform improvement, it was possible to notice that 

the most recommended was IMPROVE_VIDEOS with eight responses, followed by 

IMPROVE_LOGIN with 3, and MORE_DIVERSE_CONTENT with 2, where the 

remaining had one response each.  
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In class session improvements, the most suggested improvement was 

IMPROVE_EVALUATION had three responses, followed by 

CLASS_SESSION_MORE_PRACT (2) and TOO_MANY_TASKS (2). The remaining 

categories had only one response. It indicates that published videos needed to be 

improved since the subject's teacher created them.  

 

So, by matching the group2 results, it may be assumed that: 

¶ Platform content should be improved to provide better videos, diversified 

content and better authentication. It should also explore discussion forums, 

mobile versions and other diversified content. 

 

¶ Class sessions should be improved to provide better evaluation and more 

practical exercises. Summarising classes at the beginning is not good, as it is 

time-consuming (class videos are available online). Nevertheless, tasks should 

not be too exaggerated, not too many tasks. In some classes, a student can 

take the role of teacher, and the classroom conditions need to be improved as 

some computers are not working. 

 

6.1.2.5. Final considerations for the next iteration 

Analysing students' perceptions and Moodle access logs, it is recommended to adapt 

the following learning environment to Mozambican students' conditions, where many 

of them could not do the classes at home, even with the facilities (Computer Farm and 

free Internet). Moodle platform should not be the only platform for accessing material. 

It is suggested to use alternative media suitable to the actual conditions of students at 

UP-Maputo.  

 

  



190 
 

 
 

6.1.3. Iteration 3 

It took place in semester 1 of 2018, from April to May, where 50 students from Object 

Oriented Programming subject were involved. 

Despite negative aspects corresponding to 6% of all student perceptions, almost all 

were related to technology. After implementing Iterations 1 and 2, it became clear that 

during the gamified flipped classroom environment design, it is crucial to consider the 

student's context (Matsumoto, 2016), and it should be closer to the student's reality. 

Even though there was an attempt to provide student facilities, a proper learning 

environment must promote a democratic education. One of the fundamental keys is to 

guarantee that students have equal opportunities, as proposed by Bergmann and 

Sams (2014). 

Thus, there was a need to get information about the actual conditions of students from 

UP-Maputo when they attempt to use or access Information and Communication 

Technologies (ICT) so that the next iteration's environment could consider those 

conditions.  

In this way, Iteration 3 began with a pilot study about the actual conditions of the 

students from UP regarding the use of ICTs (Internet/computer/mobile) at home or 

university. The results of this study gave the baselines for Iteration 3's learning 

environment.  

 

6.1.3.1. Pilot Study  

It took place during the 2017 semester two. 

To conduct the interview, a base questionnaire was designed. It has three parts:  Part 

1 is composed of General purpose questions (Faculty, how often do you use the 

Internet? How?), part 2 has questions about the use of computers at home, and Part 

3 has questions related to the use of the Internet/Computer at University.  

 

A total of 295 students were randomly interviewed, where 68 belonged to the 

Computer Science course and the remaining 225 were from other courses. So, results 

were processed apart to get a picture of Computer Science which is the main target. 

However, there was a need to understand other courses' reality, too, so that the 

learning environment could also be compatible with other courses (Appendix 2). SPSS 

and Microsoft Excel were used for data processing and illustrations. 
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a) Computer science student's condition 

The first results gave the idea about tools used by students for accessing different 

Internet services: 

¶ Which tool do you use to access the SIGEUP to see your academic results or 

fees?" 54% answered Cellular (Smartphone), 41.3% computer, and 4.8% 

Tablet.   

¶ Do you have a computer at home for homework? 69.1% answered yes, and 

30.9% said no. 

¶ Which tool do you use at home for research? 55.6% use a computer, 31.7 use 

Cellular (Smartphone), 7.9% use books, 3.2% use Tablets and 1.6% use other 

tools. 

¶ Which tool do you use for watching videos/movies at home? 75.4% use 

computers, 9.2% use DVD/Blu-ray Player, 6.2% use Tablet, 3.1 use 

smartphones and 6.2 % use other devices. 

¶ Do you have the UPNET Wi-Fi username account? 57.4% said yes, 39.7% said 

no, and 2.9% forgot their account. 

 

The second group of results provided information about student's feelings about 

Internet connectivity (Fig. 76): 

 

 

Figure 76. Computer science student's feelings about Internet connection speed at university 

 

According to data about the Internet connection at the university (Fig. 77), more than 

60% feel it is bad or very bad (43% very bad and 18% bad), 32% moderate and a 

small amount 7% good. 

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

WHAT IS YOUR FEELING ABOUT THE INTERNET
CONNECTION SPEED AT THE UNIVERSITY (UPNET)?

VERY BAD BAD MODERATE GOOD VERY GOOD
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Figure 77. Computer science Student's feelings about Internet connection speed at home 

 
Regarding Internet connection speed at home, 41% feel it is moderate, 34% say it is 

good or very good (21% good and 13% very good), 25% have no connection or feel it 

is very bad (16% no connection, 9% very bad).  

 

The third group (Fig. 78) displays data about how frequently students use some 

Internet and its services: 

 

Figure 78. Computer science student's habits regarding the Internet 

 

Results for each question provided indicate that: 
 

¶ Regarding the university's computer farm access, only 32% answered 

frequently (19% somewhat frequently and 13% very frequently), 53% answered 

infrequently (32% very infrequently and 16% infrequently), and 15% 

occasionally. 

¶ When asked about YouTube usage, 60% answered frequently (41% somewhat 

frequently and 19% very frequently), 24% occasionally and the remaining 16% 

infrequently (10% somewhat infrequently and 6% very infrequently). 

¶ When questioned about Facebook usage, 43% answered infrequently (22% 

very infrequently and 21% somewhat infrequently), 40% answered frequently 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

WHAT IS THE LEVEL OF INTERNET CONNECTION AT
HOME?

NO CONNECTION VERY BAD MODERATE GOOD VERY GOOD

0% 20% 40% 60% 80% 100% 120%

HOW OFTEN DO YOU USE INTERNET?

HOW OFTEN DO YOU USE WHATSAPP?
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(31% somewhat frequently and 9% very frequently), and the remaining 18% 

occasionally. 

¶ Regarding WhatsApp, 65% answered that they use it frequently (47% 

somewhat frequently and 18% very frequently), 19% infrequently (13% 

somewhat infrequently and 6% very infrequently), and the remaining 16% 

occasionally. 

¶ When questioned, "how often do you use the Internet" 80% stated they use it 

frequently (43% very frequently and 37% somewhat frequently), 12 % 

occasionally, and the remaining 9% somewhat infrequently. 

 

b) Other student's condition 

Results were also presented in three separate groups. The first is related to tools for 

accessing different Internet services. The second gave information about feelings 

about Internet connectivity feelings and the last provided information about how 

frequently students use some Internet services. 

The first results gave an idea about tools used by students for accessing different 

Internet services: 

¶ Which tool do you use to access the SIGEUP to see your academic results or 

fees?" 67.3% use Cellular (Smartphone), 26.7% use computers and 6% tablets. 

¶ Which tool do you use at home for research? 38% use a computer, 30.3% use 

a smartphone, 21.2% use books, and 3.4% use other tools. 

¶ Which tool do you use for watching videos/movies at home? 56.9% use a 

computer, 16.1% use a DVD/Blu-ray player, 9.6% use a tablet, 9.2% use a 

smartphone and 8.3% use others. 

¶ Do you have the UPNET Wi-Fi username account? 54.3% answered yes, and 

44.8% no. 

 

The second group of results provided information about student's feelings about 

Internet connectivity (Fig. 79): 
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Figure 79. Other student's feelings about Internet connection speed at university 

 

Students' feeling about Internet connectivity at the university's campus (Fig. 80) 

indicates that 56% answered that it is very bad or bad (32% very bad and 24% bad). 

35% say it is moderate, and the remaining 9% affirmed that it is good or very good 

(8% good and 1% very good). 

 

 

Figure 80. Other student's feelings about Internet connection speed at home 
 

Regarding Internet connection speed at home, 46% answered moderate, 28% very 

bad or no connection (15% no connection and 13% very bad) and 26% good or very 

good (20% good and 6% very good). 

The third group (Fig. 81) reports data about how frequently students use some Internet 

services: 

 

 

Figure 81. Other student's habits regarding the Internet 
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Results described in the graphic above indicate that: 

¶ Analysing how often student accesses the university's computer farm, 48% use 

it infrequently (38% very infrequently and 10% somewhat infrequently), another 

47% access it frequently (37% very frequently and 10% somewhat frequently), 

and the remaining 5% use it occasionally. 

 

¶ When asked about YouTube usage, 41% use it frequently (21% very frequently 

and 20% somewhat frequently), 37% answered that they used it infrequently 

(21% very infrequently and 16% somewhat infrequently), and the last 22% use 

it occasionally. 

¶ Regarding Facebook, 45% use it frequently (27% very frequently and 18% 

somewhat frequently), 40% use it infrequently (20% somewhat infrequently and 

20% very infrequently), and 15% occasionally. 

¶ When asked about WhatsApp, 59% use it frequently (34% very frequently and 

25% somewhat frequently), 30% use it infrequently (20% somewhat 

infrequently and 10% very infrequently), and the remaining 11% use it 

occasionally. 

¶ Regarding the Internet, 53% use it frequently (32% very frequently and 21% 

somewhat frequently), and 34% use it infrequently (22% somewhat infrequently 

and 12% very frequently). 

 

c) Result analysis 

Analysing data about tools used by students for accessing different Internet services, 

it can be concluded that: 

Computer science students prefer smartphones followed by computers for accessing 

academic results in SIGEUP. The same situation happens in other students (other 

courses). Most computer science students use a computer (55.6%) at home for 

research. Smartphones are also used by other 31.7%, where very few prefer to use 

books. Similar results were observed in students from other courses, although there 

is a slight difference between smartphone and computer preference (33% 

smartphone, 30.3% computer). For watching movies, computer science students and 

other students prefer computers followed by DVD/Blu-Ray Player.  
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So, in general, computers and smartphones are the most preferred tools for accessing 

Internet services and entertainment. The majority of them have a university UPNET 

Wi-Fi account. 

 

Data about student's feelings about Internet connectivity indicates that: 

¶ In both computer science and other courses, most students affirmed that the 

Internet at the university campus was bad or very bad, followed by moderate 

opinion. Few students (less than 9%) considered it good. Regarding Internet 

connection speed at home, in both cases, students feel it is moderately followed 

by those who feel it is very bad or have no connection. It may be related to the 

quality of the 3G/4G Internet provided by most mobile operators in Maputo. 

So, it can be concluded that the Internet connection at the university campus is bad, 

and the home Internet is moderate. 

 

Data about student's habits regarding some Internet services showed that: 

¶ Most computer science students rarely use or access the university's computer 

farm, followed by another considerable part of those who access it frequently. 

Data from students from other courses illustrated an equilibrium between those 

who rarely access it (48%) and those who frequently do (47%). 

¶ Computer science students use YouTube and WhatsApp frequently (60% or 

more), whereas the remaining small part uses them infrequently. There is 

almost an equilibrium for Facebook between those who use it frequently (40%) 

and infrequently (43%). Students from other courses provided similar results 

but with less gap between the "frequently" and the "infrequently" options for 

Facebook and YouTube.  

¶ Regarding WhatsApp, the majority use it frequently (59%). 

¶ Information about Internet usage indicates similar results from computer 

science and other students, where the majority use it frequently (80% computer 

science and 53% other students). However, the gap between "frequently" and 

"infrequently" in computer science is more significant than in other courses. 

So, results indicate that students do not frequently use the computer farm. It may be 

justified by the fact that the Internet is not good enough. WhatsApp and YouTube are 

the most used for computer science and other students.  
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6.1.3.2. Iteration implementation 

 
Results from the pilot study provided information about the real conditions of students 

from the computer science course and other courses. Collected data indicates that 

Computer Science prefers smartphones for navigating the Internet. This leads to the 

assumption that the designed learning environment in iteration 3 should also focus on 

computers and mobile phone users. 

Martins and Gouveia (2018), and Fahmy, Sukestiyarno, and Mariani (2019) are some 

of many who used a similar approach, where results indicate that combining flipped 

classrooms with gamification leads to positive results. Results also indicated that 

students are familiar with WhatsApp and YouTube, as they use them frequently. Thus, 

the learning environment had to be adapted so those tools could be part of it. So, 

WhatsApp was the chosen mobile tool. It was used as an alternative media for 

accessing online materials and interacting. 

 Another result indicated that although students have access to the university Wi-Fi or 

computer farm, many do not use them because of the low quality of the provided 

Internet. On the other hand, the Internet at home is moderate, which means that the 

learning environment should provide facilities for students to access lectures from 

home with moderate Internet speed.  

For this reason, flipped classroom lectures were prepared so they could not consume 

too many Internet MBs, allowing them to be easily shared through mobile, using 

WhatsApp. 

 

6.1.3.2.1. Base model adaptation 

The new model concept was designed (Fig. 82), taking into consideration the following 

aspects: Mobile phone preference for accessing Internet services; Low quality on the 

Internet of the university campus and moderate at home; Alternative content access 

for those who have no Internet.  
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Figure 82. Proposed FC learning environment for iteration 3 

 
The teacher prepared classes and published them on the Moodle platform and in the 

WhatsApp group. They were optionally sent through a flash drive so students could 

access them at home or in computer laboratories. 

The WSQ (Watch Summarize Question) model was also used: after accessing class 

content, the students had to submit their Questions or summaries in the platform, 

WhatsApp group or the notebook so that, during class sessions, those questions 

would be discussed. Summaries were also essential to note for the teacher, as he 

could read them to understand students' thoughts.  

Gamification elements used were Level and Badge.  

Levels: Activities were grouped into levels, where the condition to move to the next 

level is to complete the previous one. Moodle's conditional activity setting was 

important for permitting such a possibility. 

Badge: After completing each level, a badge is assigned by the system (automatically) 

or by the teacher (manually). It is possible to see the gamification framework below 

(Fig. 83) 
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Figure 83. Proposed Gamification learning environment for iteration 3 

 
For those students who did submit their tasks (summaries/questions) in WhatsApp or 

by paper, the teacher manually assigned a badge or unlocked a level for them in 

Moodle. 

Moodle platform was hosted at https://classevirtual.up.ac.mz 

 

The general Objectives of the subject were: 

¶ Implement languages the basics of OOPs 

¶ Understand the importance of using OOPs in software development 

¶ Works an OOP language. 

 

At the end of the subject, the students were supposed to acquire the following 

competencies:  

¶ Discuss alternatives for the Languages project; 

¶ Implement concepts such as Inheritance, abstraction, encapsulation of data 

and polymorphism. 

¶ Develop basic applications using the principles of OOPs. 

 

The syllabus of the subjects in Table 64: 

 

Table 64. Syllabus of OOP subject 

https://classevirtual.up.ac.mz/
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No. Topic  Details 

1 Object Oriented principles Traditional classroom 

2 Revision of basic programming (Constants, variables, data 

types and control structures) 

Traditional classroom 

3 Classes, objects and methods Traditional classroom 

4 Inheritance Flipped Classroom and 

Gamification 

5 Overloading Traditional classroom 

6 Polymorphism Flipped Classroom and 

Gamification 

7 Input/Output Stream Traditional classroom 

8 Project Traditional classroom 

 

A flipped classroom and gamification environment was implemented in topics 4 and 6. 

For iteration 3, it was not possible to implement the learning environment in topic 3 

(Classes, objects and methods), as the environment was not ready during the time 

lectures took place. The remaining topics were discussed using the traditional teaching 

method. 

6.1.3.2.2. Flipped classroom and gamification environment implementation 

Topic 4 and 6 classes had to be adapted to the GFC environment. They consisted of 

activities (Table 65) published in Moodle and WhatsApp groups and sent by flash 

drive. 

 

Table 65. GFC topics 

Topic Content 

4 Inheritance 

6 Polymorphism 

After completing topics 4 and 6, students would gain the competence:  

¶ Implement concepts such as Inheritance, abstraction, encapsulation of data 

and polymorphism. 

 

After completing all activities, Moodle unlocked the next topic. Moodle's conditional 

activity setting accomplished this. The student was also awarded a badge for 

completing each set of activities. Class sessions consisted in: 
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¶ Discussion about questions submitted by students 

¶ Study case resolution (problem-solving in groups or individually) 

¶ Teacher comments about submitted summaries 

 

TOPIC 4: INHERITANCE (Level 1 - Basic) 

This lecture consisted of the following activities: 

1 ï Activity 1 - Overriding in Inheritance (theory):  This lesson aimed to explain the 

theory about overriding in Inheritance, supported by an example. 

2 ï Activity 2 - Override video lecture (practical): This lecture completes the previous 

one, as it is the practical implementation of overriding in Inheritance. 

3 ï Activity 3 - Say what I think: Discussion forum where students submitted their 

questions or doubts. 

4 ï Activity 4 ï Summary ï The discussion forum allowed students to submit 

summaries. 

 

TOPIC 6: POLYMORPHISM  (Level 2 - Intermediate) 

This lecture consisted of the following activities: 

1 - Activity 5 ï Pointer to objects: Discussion about how to handle pointers to objects 

which is one of the requisites to understand polymorphism. 

2 ï Activity 6 ï Derived class pointer: Lecture that aimed to illustrate the difference 

between a base class pointer and a derived class pointer. 

3 ï Activity 7 ï Question about polymorphism: Discussion forum where students 

submitted their questions or doubts. 

4 ï Activity 8 ï Summary about derived class pointer ï The discussion forum allowed 

students to submit summaries. 

 TOPIC 6: POLYMORPHISM  (Level 3 - Advanced) 

 

This lecture consisted of the following activities: 

1- Activity 9 ï Polymorphism lecture: Lecture about how to use and implement 

polymorphism. 

2 ï Activity 10 ï Polymorphism summary: The discussion forum allowed students to 

submit summaries. 



202 
 

 
 

3 ï Activity 11 ï Question about polymorphism: Discussion forum where students 

submitted their questions or doubts. 

4 ï Activity 12 ï Challenge: Quiz with questions about all lectures. After completing 

this challenge student was awarded a final badge, being considered an advanced 

programmer. 

a) Preparation 

Students were explained about flipped classrooms and gamification so that they could 

be familiar with the new approach before the beginning of it. It consisted of a 

presentation and a small simulation of a flipped class using Moodle. 

b) Implementation 

It took place during three weeks, where level 1 (Inheritance) took place in week 1, level 

2 (Polymorphism - intermediate) in week 2 and level 3 (Polymorphism - advanced) in 

week 3. 

 
i) Level 1 - Basic 

1 ï Activity 1 and 2- OVERRIDING IN INHERITANCE: THEORETICAL AND 

PRACTICAL 

It was composed of two video lectures about the use of Inheritance and overriding. 

Activity 1 consisted of a theory video lecture, and Activity 2 consisted of a practical 

simulation (Fig. 84). 

 

Figure 84. Level 1 activities 
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Then these two videos were shared in WhatsApp groups and through the flash drive, 

as illustrated in Figure 85: 

 

Figure 85.WhatsApp group interaction 
 

After attending these two activities, students could pass to the next two to submit 

summaries and questions. 

 

Activity 3 ï "SAY WHAT I THINK" 

In the discussion forum, the student submitted their questions or doubts about the 

video lectures. They could also be submitted on WhatsApp or on paper. 

Activity 4 ï SUMMARY 

In the discussion forum, the student could submit their summary, explaining the 

essential parts of the video class. They could also submit them in the WhatsApp group 

or bring them to class on paper. 

After completing all activities in Moodle, WhatsApp or manually (paper), a badge is 

assigned to the students. For those who did it in WhatsApp or by paper, the badge 

was activated manually by the teacher in Moodle (Fig. 86) and the WhatsApp group 

(Fig. 86). 

 

Figure 86. Level 1 badge 
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ii) Level II (Intermediate) 

After completing Level 1, students could pass this level of activities. 

Activity 5 ï POINTER TO OBJECTS 

This lecture consisted of a video about creating a pointer for an object. The focus was 

on a specific study case. 

Activity 6 ï DERIVED CLASS POINTER 

This video lecture presents the particularities of pointers to objects and Inheritance, 

focusing on the difference between a base class pointer and a derived class pointer. 

Activity 7 ï QUESTION ABOUT POLYMORPHISM  

In the discussion forum, students submitted questions or doubts about activity 6 class. 

 

Activity 8 ï SUMMARY ABOUT DERIVED CLASS POINTER 

In this task, students could submit their summaries about the class. 

After completing all activities in Moodle, WhatsApp or manually (paper), a Level II 

badge is assigned to the students. For those who did it in WhatsApp or by paper, the 

teacher activated the badge manually in Moodle or WhatsApp groups. 

 

iii) Level 3 (Advanced) 

The present lecture was considered advanced because it joins all previously 

discussed concepts in one program (Inheritance, pointers to objects and overriding). 

Activity 9 ï POLYMORPHISM LECTURE 

This lecture occurred through a video illustrating how to simulate polymorphism using 

a specific example. 

Activity 10 ï POLYMORPHISM SUMMARY 

This space was created for summary submission.  

Activity 11 ï QUESTION ABOUT POLYMORPHISM 

This last activity consisted of a forum created for the submission of the summary. 

Activity 12 ï CHALLENGE 

It is considered the final challenge of the chapter. It consisted of a quiz comprising 

different multi-choice questions about all discussed topics in the present chapter.  

After scoring more than 50%, Moodle was awarded a final " specialist " badge. 
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c) Gamification 

Iteration 3 consisted of three gamification elements: Levels, Rules and Badges. 

Levels were used to organise activities in different degrees of difficulty, where the 

lowest level (level 1) corresponds to activities 1 to 4. They could be seen as the easiest 

ones as they consisted of implementing theory and a correspondent practical study 

case.  

Another fact is that it consisted of one single topic rather than the following levels, 

which combined two or more ones.  

Level 2 corresponded to activities 5 to 8. They can be considered intermediate level 

as a pointer to objects combined with two previously discussed topics (pointers and 

objects).  

Level 3 was the most challenging one, as activities 9, 10 and 11 refer to the concept 

of polymorphism, which consists in implementing three concepts: pointers to objects, 

overriding and virtual functions. The first two belong to previous levels, and the last 

one is new. Level 3 ends with a challenge, which allows the student to overcome the 

last obstacle and become a specialist. 

 

Levels were controlled by Moodle's conditional activity setting and by the teacher 

(manually set activity as completed). 

Rules were used to determine what students could do or not. They were applied in 

both Moodle and WhatsApp groups. In Moodle, the rules were:  

¶ While watching a video lecture, the student needs to summarise and note some 

questions. 

¶ Questions must be submitted before the class session 

¶ After the submission of questions and summary, the next level will be unlocked, 

and a badge will be won. 

A badge was used to award students who completed each level of activities. Table 66 

illustrates badge allocation for each level: 
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Table 66. Badge allocation in each level 

Badge Level 

 

 

 

 

TOPIC 4: INHERITANCE  (Level 1 

- Basic) 

 

 

 

TOPIC 6: POLYMORPHISM 

(Level 2 - Intermediate) 

 

 

 

TOPIC 6: POLYMORPHISM 

(Level 3 - Advanced) 

 

 

 

Challenge 

(Advanced) 

 

The final challenge consisted of an advanced quiz containing all discussed contents 

so that, after passing it, the student could be awarded the final badge. 
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6.1.3.3. Results of iteration 3 

 
The results of iteration 3 will be presented in two parts. The first part will present 

Moodle access data (log accesses and badges), and part 2 will provide data about 

students' perceptions of the learning environment. It will be possible to present 

additional information about which approach students choose to attend classes. 

 

a) Moodle logs 

Table 67 indicates the number of students who attended each activity. Moodle logs 

indicate that the first three activities were the most accessed: Activity 1 was accessed 

by 37 students, Activity 2 by 34 and Activity 3 by 30. 

 

Table 67. Number of students that attended each task 

Activity Frequency 

(Level 1 - Basic)  

Activity 1 - OVERRIDING IN INHERITANCE (THEORETICAL):   37 

Activity 2 - OVERRIDE VIDEO LECTURE (PRACTICAL):  34 

Activity 3 - SAY WHAT I THINK 30 

Activity 4 ï SUMMARY  24 

 (Level 2 - Intermediate) 
 

Activity 5 ï POINTER TO OBJECTS 22 

Activity 6 ï DERIVED CLASS POINTER 22 

Activity 7 ï QUESTION ABOUT POLYMORPHISM 21 

Activity 8 ï SUMMARY ABOUT DERIVED CLASS POINTER  16 

(Level 3 - Advanced) 
 

Activity 9 ï POLYMORPHISM LECTURE 14 

Activity 10 ï POLYMORPHISM SUMMARY 13 

Activity 11 ï QUESTION ABOUT POLYMORPHISM 13 

Activity 12 ï CHALLENGE 11 

 

For further analysis, data were converted to graphics (Fig. 87) which indicates that 

activity frequency decreased from one level to another. 
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Figure 87. Graphic illustrating the number of students per task 

 

Figure 88 shows the average access of each level (group of activities). Level 1 had 

the highest average, followed by levels 2 and 3. 

 

 

Figure 88. Average of accesses in each level 

 

b) Student's perception of the used learning environment 

To understand students' perceptions, a focus group interview was conducted where 

37 students were interviewed. Similarly to the last iteration, Matsumoto's (2016) open-

ended questionnaire approach was used to elaborate on the questions: 

Qt1 ï How did you attend classes in the learning platform?  

Qt2 - What is your impression about the environment used in classes (flipped 

classroom and gamification)? 

Qt3 provided information about how students access virtual classes and which device 

was used. Did they manage to access all classes?   
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Qualitative Content Analysis 

It consisted of analysing students' answers in Qt2 by creating categories for each and grouping them (Table 68). 

 

Table 68. Student's perception category setup 

Category Relevant Answers Frequency 

PLAT_GOOD It was good. It helped. I was positive 25 

POSS_REVIEW_ANY_TIME It allowed me to watch it many times. I could repeat, reviewing the same video. 10 

MORE_INTERACTIVE More interaction. Allows interaction between teacher-students. More interactive 

way of learning. 

8 

LEARN_FROM_HOME_CONFORT Allow studying at home. 5 

LEARN_PREV_KNOWLEDGE I went to the classroom with knowledge about the topic. The student came to 

the room with prior knowledge 

5 

EASY_UNDERSTAND/FACILITATE 

PERCEPTION 

Easier to understand the subject. Creates more interest and easier 

understanding between the teacher and the student 

4 

DIFFICULT_SUBMISSION I had difficulties submitting the summary on the platform 2 

INTERNET_SLOW_EXP There was a problem with the Internet at the UP 2 

MORE_COMPETITION Challenges to reaching other levels because colleagues managed. More 

competition. 

2 

MORE_EXPOSE_DOUBTS Class sessions helped to clarify doubts. We had more space to expose our 

doubts without the teacher. 

2 

ALLOW_NEW_DISCOVERIES Discoveries 1 

ALLOW_TEST_HABILITIES They are good because they test my ability 1 
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CLASS_SESSION_MORE_PRACT Allows the student to have more practice on the subject 1 

CLASSES_BECAME_SHORT Long classes are tedious. They became short 1 

CULTIVATE_SPIRIT_STUDING Cultivates the spirit of studying 1 

DID_NOT_FEEL_CONFORTABLE I did not feel very comfortable. 1 

EVERYTHING_ORG Simple, because it has everything there, and well organised 1 

FREE_TO_THINK_AND_QUESTION It makes the student free to think. 1 

IMPROVED_PROGRAMMING I improved my programming 1 

LAZY_STUDENT_HAD_CHANCE The lazy ones ended up having the possibility to take the class. 1 

LEARN_WITHOUT_TEACHER I did not wait for the teacher; I could see my classmate's comments. 1 

MORE_TIME_TO_STUDY I have time to study 1 

NEED_ADAPT_NEW_METHOD I need to adapt myself to a new method 1 

 

QUESTIONS_SHOULD_NOT_COMPULSORY 

Questions should not be obligatory because sometimes there are no doubts, 

and we have to ask questions to ask 

1 

TEACHER_ALWAYS_WITH_ME The teacher is always with me at home and school 1 

TRADICT_CLASS_STUDENT_AFRAID Very important because there is fear/shyness about speaking in the classroom. 1 

VIDEOS_CLEAR_THAN_CLASS The videos were self-explanatory than the class. 1 

 

Figure 89 gives a better view of the frequencies of each category: 
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Figure 89. Student's perception 
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For better analysis, category grouping was used, following Friese et al. (2018) 's 

approach as well as Walter and Bach (2015) 's code relationship.  

 
The idea is to link categories that caused the existence of others. For example, a 

student who stated that the learning environment was good created the category 

PLAT_GOOD, then explained why, justifying that "it allowed to repeat videos any time" 

related to the category POSS_REVIEW_ANY_TIME.  

 
It becomes clear that POSS_REVIEW_ANY_TIME is a cause of PLAT_GOOD. So, it 

was possible to understand the relationship between the answers provided by 

students. So, for better understanding, categories were divided into two more groups: 

POSITIVE FEEDBACK and NEGATIVE FEEDBACK.  

 

Table 69 and Table 70 display the frequencies of both groups: 

 

Table 69. Negative feedback frequency 

Category Frequency 

DIFFICULT_SUBMISSION 2 

INTERNET_SLOW_EXP 2 

DID_NOT_FEEL_CONFORTABLE 1 

NEED_ADAPT_NEW_METHOD 1 

 QUESTIONS_SHOULD_NOT_COMPULSORY 1 

Total 7 
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Table 70. Positive feedback frequency 

Category Frequency 

PLAT_GOOD 25 

POSS_REVIEW_ANY_TIME 10 

MORE_INTERACTIVE 8 

LEARN_FROM_HOME_CONFORT 5 

LEARN_PREV_KNOWLEDGE 5 

EASY_UNDERSTAND/FACILITATE PERCEPTION 4 

MORE_COMPETITION 2 

MORE_EXPOSE_DOUBTS 2 

ALLOW_NEW_DISCOVERIES 1 

ALLOW_TEST_HABILITIES 1 

CLASS_SESSION_MORE_PRACT 1 

CLASSES_BECAME_SHORT 1 

CULTIVATE_SPIRIT_STUDING 1 

EVERYTHING_ORG 1 

FREE_TO_THINK_AND_QUESTION 1 

IMPROVED_PROGRAMMING 1 

LAZY_STUDENT_HAD_CHANCE 1 

LEARN_WITHOUT_TEACHER 1 

MORE_TIME_TO_STUDY 1 

TEACHER_ALWAYS_WITH_ME 1 

TRADICT_CLASS_STUDENT_AFRAID 1 

VIDEOS_CLEAR_THAN_CLASS 1 

TOTAL 75 

 

NEGATIVE FEEDBACK indicates a denial, suggesting some negative perceptions 

about classes in the learning environment. POSITIVE FEEDBACK indicates how good 

it was, providing joy or happiness. Data indicates that the top category related to how 

good classes were followed by the possibility of reviewing or repeating 
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A graphic representation of all iterations (Fig. 90) illustrates how categories were connected and grouped according to students' 

answers. It indicates the categories connected to others. 

 

Figure 90. Graphic representation of negative and positive feedback 
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Similarly to the last iteration, positive and negative feedback data was exported to MS EXCEL for better comparison. The graphic in 

Figure 91 compares the sum of the frequencies of both groups.  

 

 

Figure 91. Negative vs positive feedback comparison graphic 

 

Results indicate that 91% of student comments were positive, and 9% were negative. 

Student's perceptions also provided information about how he/she attended classes during the used learning environment, where 

each student had to explain which device was used and how. 

Table 71 displays a cross-tabulation between the device and how it was used.

9%

91%

Positive vs Negative feedback

Negative Positive
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Table 71. Tabulation between the device and how it was used (finality) 

device used * How Crosstabulation 

  

How Total 

  

Access 

the 

WhatsApp 

Acess 

Platform 

Flash 

drive 

Flash drive and 

WhatsApp 

I used the 

platform and 

WhatsApp, 

and the 

videos I 

Moodle 

Platform 

Moodle 

Platform 

and flash 

drive 

Moodle 

Platform 

and 

WhatsApp 

Group 

Platform 

by Phone 

Video via 

computer 

video via 

flash video 

via computer 

and 

WhatsApp 

WhatsApp 

groups, 

Videos 

through the 

computer 

WhatsApp 

Group 

 

device 

used 

Computer 
 

0 6 0 1 9 1 0 0 0 0 0 17 

Smartphone 
 

1 0 0 0 4 0 1 0 0 0 13 20 

Smartphone 

and Computer 

 
0 0 1 0 1 0 1 1 1 1 0 6 

Total 
 

1 6 1 1 14 1 2 1 1 1 13 43 

The graphic was generated (Fig. 92) for better analysis based on each student's total "Device used" frequencies. The smartphone 

option was the most used one, followed by a computer.  

 

Figure 92. The total frequency of devices used per student 

40%

46%

14%

Computer Smartphone Smartphone and Computer
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6.1.3.4 Discussion of iteration 3 results 

 

Iteration 3 results will be discussed based on Moodle logs provided by the platform 

and student perception of the learning environment. 

 

a) Moodle logs 

 

Moodle logs collect students' actions in the platform, displaying who accessed or 

completed an activity.  

Graphic 87 and Table 65 indicate that the first three activities were the most accessed 

during the classes. All of them belong to the level 1 group gamification. Since level 1 

is the easiest one, this may be the reason for the high number of accesses. Another 

possible reason was that being the first ones, they aroused students' curiosity.  

 

Another fact is that in each level, the first two activities had the most access and the 

last two the least. As the first two activities consisted of video lectures and the last two 

consisted of the submission of questions and summaries, the decrease may be 

justified by the fact that students could submit their files in the WhatsApp group, 

avoiding submitting them to the Moodle platform.   

 

Similarly to iteration 2, the number of accesses reduces when moving from one activity 

level to another. Figure 87 gives a better picture of this fact as it is clear that activities 

from level 1 got higher accesses than level 2's, and level 3 had the lowest attendance 

in Moodle.  

Figure 88 enforces it, as the average accesses is higher in level 1, but it drastically 

decreases in the following levels. This fact may also be related to the difficulty level, 

which increased in levels 2 and 3. The last activity (Activity 12 ï Challenge) was the 

most difficult and allowed the highest budget, but it tended to be the least accessed 

one. So, students tended to ignore or give up tough challenges and maybe felt more 

motivated to do the easiest ones. 
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b) Student's perception 

 

Students' perceptions indicate that the gamified flipped classroom environment was 

good or helpful. Table 66 and Figure 89 indicate that the most commented perceptions 

were: 

 

¶ The learning environment (or platform) was good. It was positive 

(PLAT_GOOD) (25 answers). 

¶ It allowed me to watch it many times. I could repeat, reviewing the same video 

(10 answers). 

¶ More interaction. Allows interaction between teacher and studentsða more 

interactive way of learning (8 answers). 

¶ I could learn from home comfort (5 answers). 

¶ I went to the classroom with knowledge about the topic. The student came to 

the room with prior knowledge (5 answers). 

¶ Easier to understand the subject. Creates more interest and easier 

understanding between the teacher and student (4 answers) 

 

All top comments were positive ones, indicating that a gamified flipped classroom: 

allows access to lectures many times (repeatedly); it is more interactive; it allows one 

to study from home comfortably; it allows one to attend class sessions with previous 

knowledge about the topic and lectures are easy to understand. 

So, a relationship between categories was analysed in detail through Figure 89. It 

consisted in dividing students' perceptions into positive and negative feedback.  

For positive comments, three categories were mentioned separately, indicating that: it 

was good (PLAT_GOOD), class sessions became more practical 

(CLASS_SESSION_MORE_PRACT), and classes became short since long classes 

are tedious (CLASSES_BECAME_SHORT).  

 

So, in the PLAT_GOOD category, students provided more information about why they 

thought it was good, resulting in 19 subcategories, as illustrated in Figure 90. Thus, 

analysing the highest frequencies of these subcategories in figure 89, it may be stated 

that "The environment was good" because: 














































































































































