Contents

1 Introduction 1
1.1 Motivation . . . . . . . . . . 1
1.2 Scientific goals and research hypotheses . . . . ... .. ... ... .... 6
1.3 Structure of the thesis . . . . . . . . .. ... ... ... .. ... ... 8

2 Augmented Reality Based on SLAM to Assess Spatial Short-Term

Memory 11
2.1 Abstract . . . . . . ... 11
2.2 Introduction . . . . . . . . ... 12
2.3 Background . . . . ... 13
2.3.1 Indoor Positioning . . . . . .. .. ... 13
2.3.2  Assessment of Spatial Memory Assisted by Computer . . . . . . . . 14
2.4 Design and Development . . . . . . .. ... 0oL 16
241 The App . . . .« o o 16
2.4.2 Developement . . . . . .. ... 21
2.5 Description of the Study . . . . . . ... ... oo 23
2.5.1 Participants . . . . . ... Lo 23
2.5.2 Measurements . . . . . ... 23
2.5.3 Configuration of the Environment . . . . . . . . ... ... ..... 24
2.5.4 Procedure . . . . . . ... e 24
2.6 Results. . . . . . . . e 25
2.6.1 Performance Outcomes . . . . . . . . ... .. .. ... ....... 25
2.6.2 Subjective Perception and Satisfaction Outcomes . . . . . . . . .. 26
2.6.3 Gender and Age Comparisons . . . . . . . .. .. ... .. ... .. 28
2.7 Discussion . . . . . . .. e 29
2.8 Conclusions . . . . . . . . . . e 34

3 Memory for Object Location in Augmented Reality: The Role of Gender

and the Relationship Among Spatial and Anxiety Outcomes 35
3.1 Abstract . . . . . . L 35
3.2 Introduction . . . . . . . . . .. 36
3.3 Materials and Methods . . . . . . . . ... ... ... 39
3.3.1 Participants . . . . . .. ... 39
3.32 The AR Task . . . . . . . . . . . . . . . .. . 40

1X



3.3.3 The Phases . . . . . . . . o 41

3.3.4 The Instrumentation . . . . . . . ... .. ... ... ... .. 42
3.3.5 The Environment . . . . . . ... ... .. ... .. ... ... ... 42
3.3.6 The Object-Recall Task . . . . . .. ... ... ... ... ..... 44
3.3.7 The Map-Pointing Task . . . .. ... ... .. ... ... ..... 44
3.3.8 The Spatial Orientation Test . . . . . . ... ... ... ... ... 46
3.3.9 Self-Reported Strategies . . . . . . . . .. .. ... ... 46
3.3.10 Anxiety Scales . . . . . . .. ... 47
3.3.11 Procedure . . . . . . . . . . ..o 47
3.3.12 Data Analysis . . . . . . . . .. 48
3.4 Results. . . . . . . 48
3.5 Discussion . . . . . .. e o1
3.6 Conclusion. . . . . . . . . . e 55

SLAM-based augmented reality for the assessment of short-term spatial

memory. A comparative study of visual versus tactile stimuli 57
4.1 Abstract . . . . ... 57
4.2 Introduction . . . . . . . . ... 58
4.3 Assessment of spatial memory using virtual and augmented reality . . . . 59
4.4 Design and development . . . . . .. ... L oo 61
4.4.1 Configuration of the environment . . . . . . . . . . ... ... ... 61
4.4.2 The visual condition . . . . . . ... ... ... ... 61
4.4.3 The tactile condition . . . . . .. ..o 64
4.4.4 The shape-recognition application. . . . . . . . ... ... .. ... 67
4.4.5 The map-pointing application . . . . . . . . ... ... ... .. .. 67
4.4.6 Spatial orientation application . . . . . ... ... ... 67
4.4.7 Hardware and software . . . . . . . . ... ... .. 69
4.4.8 Architecture of our SLAM-based AR framework . . . . . . . .. .. 69
4.5 Study . ..o 72
4.5.1 Participants . . . . .. ..o 72
4.5.2 Statistical tests . . . . . . .. 73
4.5.3 Inclusion criteria . . . . . . ... 73
4.5.4 Measures . . . . . ... e e e 76
4.5.5 Procedure . . . . . . ... e 76
4.6 Results. . . . . . . 7
4.6.1 Performance outcomes . . . . . . ... ... ... ... 77
4.6.2 Gender analysis and subjective perception . . . . . . . ... .. .. 79
4.6.3 Correlations . . . . . . .. Lo 80
4.7 Discussion . . . ... e 82
4.8 Conclusions . . . . . . . . .. 86
Discussion 87
5.1 Discussion . . . . . . . .. e e 87



6 Conclusions 91

6.1 Conclusions . . . . . . . . . . e 91
6.2 Future works . . . . . . . . . 94
6.3 Scientific contributions . . . . . . .. ... 94
6.3.1 Papers in journals indexed in JCR . . . . ... ... ... ..... 94
6.3.2 Other conferences. . . . . . . . . . . . ... ... ... ... ... 94

6.4 Other diffusions . . . . . . . . . .. 95



