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Abstract. The Technology Acceptance Model (TAM) was the basis of this study to 
investigate students’ acceptance of a haptic learning resource in anatomy education. 
Based on the two main elements, perceived ease of use and perceived usefulness of 
TAM, this study used additional elements such as gender, prior experiences with 
similar resources, learning preference modes, and enrolled undergraduate courses to 
investigate students’ learning achievement and acceptance. No significant 
differences were found between genders or enrolled courses in the acceptance of the 
system in terms of ‘ease of use’ and ‘usefulness’ of the system. Students with 
previous experience with 3D were more favourable to a haptic device, this was 
statistically significant (p=.025) for “would use” and they also scored higher on the 
associated quiz (p=.050, Mann-Whitney U test).. 

Keywords: Learning resource, haptic interface, anatomy learning, Phantom Omni. 

1. Introduction 

Learning resources are important for students to learn efficiently. This is even more 
so when students have different backgrounds such as prior experiences and varied 
reactions to the acceptance of technology. Gender, previous experience with 3D or 
haptic, and/or individual’s preferred learning style may matter in the selection of 
learning resources.  

As technology develops, various new learning resources become available to use. 
One such new resource was developed to give haptic feedback from virtual organs in 
human anatomy classes [1]. This relatively new resource may help various learners 
within a resource intensive subject area with somewhat limited opportunities for 
access to real anatomical specimens [2, 3].   

What are the important factors influencing student acceptance of a novel resource? 
For example, how a learner reacts may vary according to their gender, preferred 
learning style, or previous experience with a similar type of resource. Students of 
different genders may accept different models and media differently. Various areas of 
experiments including olfactory and video media [4], the effect of multisensory of 
visual and tactile modality [5], gender differences in learning style preferences among 
undergraduate physiology students [6] and many more are related to the gender 
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difference. It is hypothesised that kinaesthetic learners will accept the haptic learning 
resource more.  

Multimodal deep learning has improved effects when compared with unimodal [7]. 
In order to understand the preferred sensory modality of students for learning 
anatomy, consenting students were administrated a printed form of version 7.2 of the 
VARK questionnaire. The VARK instrument is only one of many to measure learning 
styles or preferences [8] and Rohrer and Pashler [9] have questioned the value of 
learning styles.  However, opportunities to assess kinaesthetic learning in higher 
education are rare, when the main research question here is to measure the level of 
acceptance of the haptic device as a tool. Therefore, this study provided an 
opportunity to investigate applicability for this age range with a haptic device. 

Haptic sensory learning resources for dental learning or surgical training have been 
used [10, 11] with 79% of students benefiting from the study as kinaesthetic learners. 
This led us to investigate if the haptic sensory learning resource will have a similar 
effect in anatomy learning, at least for kinaesthetic learners. 

2. Preferences for accepting a haptic learning resource 

2.1 How the study was performed 

The design research paradigm was adopted to assess acceptance of the haptic-
anatomy system. The system has evolved as the user tests were done in a cyclic 
manner. Three different user tests were set up in similar settings with three different 
student cohorts from 2012 to 2013.   

The Technology Acceptance Model (TAM) [15] was the basis for the acceptance 
questionnaire. TAM posits that usage of technology is influenced by perceived 
usefulness and ease of use [2, 13, 14].  

Later variant branches came out of the original technology acceptance model from 
Fred Davis [15] to the theory of reasoned action (TRA) and theory of planned 
behaviour (TPB) with many extensions or modifications in the technology acceptance 
field. Haptic enabling technology and TAM is another branch of TRA/TPB focusing 
more with haptic technology [16].  

Ease of use and usefulness are the two important factors used to measure if the 
users will accept the system in this study which is based on TAM. TAM used a few 
questions to collect the data. These two main elements are used to measure the 
acceptance of technology of users. Each element of acceptance was measured based 
on ease of use and usefulness; then the acceptance was analysed with respect to other 
variables such as gender, prior experience, personal preferred learning styles, and 
their enrolled courses.  

The questions used in the acceptance assessment survey were re-worded slightly 
between tests. Nevertheless, the essential questions were the same. A few additional 
questions were included in the survey as the system evolved. For example, ‘were you 
performing well with the system?’, ‘did you get mentally stressed while using the 
system?’, ‘did you get physically stressed while using the system?’, ‘Would you use 
this system as an aid to learning when it is fully developed?’, and ‘Was the quiz 
useful as a check on understanding?’ However, the focus to discuss here is how the 
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system was accepted, based on student gender, preferred learning style, and their prior 
experiences with any similar sort of interface. The main questions to measure the 
users’ acceptance were: ‘was it easy to use the system?’; ‘was the system useful?’; 
and ‘would you recommend the system to the university to adopt?’.  

The haptic-anatomy system was developed with the Phantom Omni [1]. A force-
feedback pen was gripped by the user, who saw anatomical organs on a screen to 
learn to identify human internal organs and associated medical nomenclature [1, 12]. 
When any part of each organ was held and moved around, the user felt different 
haptic feedback depending on the hardness and texture of the organ. The three 
development versions were tested by three different user groups.  

The user groups were from three different cohorts with 89 participants including 58 
males and 31 females with average age of 20 years old as the system developed 
further at each cycle according to the design research paradigm [17]. The courses that 
the users were enrolled in were mainly Bachelor of Medicine / Bachelor of Surgery 
(MBBS), Bachelor of Education (Health and Physical Education and Outdoor 
Education), Bachelor of Exercise Science, and Bachelor of Human Movement. 
Bachelor of Computing students participated in user test 1.The first user test was done 
with 2nd year students, but the other two user tests were done with 1st year students. 
Hence our assumption was made that no pre-knowledge was present. 

This study was approved by the Social Science Human Research Ethics Committee 
(HREC) Tasmania Network (reference H001743). 

2.2 Different elements considered: gender, prior experiences, and acceptance 

Gender differences were reported in the fields of education including medical related 
disciplines [18, 19], but hardly found in anatomy learning. In the area of this study, 
gender differences were insignificant with respect to questions regarding acceptance, 
unlike those studies [18, 19] which combined ‘useful’ and ‘easy to use’ for this 
learning resource (Fig. 1.). 

 

 

Fig. 1. Gender Comparisons 
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Acceptance of the interface was measured from the factors of usefulness, ease of 
use, and recommendation, which is an additional information provision on top of the 
normal elements of TAM. This is confirming information of its usefulness if they 
recommend the system be embedded in their curriculum at the university. A repeated 
measure ANOVA showed that there was no significant difference by gender, 
F(1,5)=.365, p=.572, following the Greenhouse-Geisser correction, Epsilon=.068. 
However, there was a significant difference of haptic interface acceptance, 
F(2,10)=8.14, p=.008, following the Greenhouse-Geisser correction, Epsilon=.619. 
The interaction between acceptance of haptic interface and users showed that there 
was a significant difference, F(2,10)= 6.54, p=.015, following the Greenhouse-
Geisser correction Epsilon=.567. 

2.3 Preferred learning style 

A number of elements were used to find the factors for accepting a different type of 
learning resource. In order to find each individual’s preferred learning style, the 
VARK (visual, aural, reading/writing, and kinaesthetic) learning style questionnaire 
version 7.2 was used [20, 21].  The analysis used the percentage of K element out of 
the four different learning styles, since the sample size was relatively small. However, 
the distribution of different learning styles was similar to the collected data on the 
VARK site. 

Interpretation of the results was based on the four different learning styles and 
student acceptance of the haptic-anatomy system. Acceptance was calculated based 
on the responses from these survey items: 1) the system was useful, 2) the system was 
easy to use, and 3) I would recommend others to use it. 

A repeated measure ANOVA showed that there was no significant difference (Fig. 
2) among the mean of leaning styles, F(3,15)=1.01, p=.414 following the Greenhouse-
Geisser correction, Epsilon=.169. Bonferroni-adjusted pairwise comparison 
demonstrated that the mean of acceptance related to the kinaesthetic learning style 
(M=64.44, SD=6.13) was significantly greater than the mean related to the visual 
learning style (M=55.28, SD=8.83). However, this result suggested that reading-
learning style was not significantly different from kinaesthetic learning style, 
(M=63.61, SD=4.1). It also suggested that there was a significant difference between 
acceptance of students with kinaesthetic learning styles and those with auditory 
learning styles (M=70.83, SD=3.10). 

A repeated measure ANOVA revealed that there was a significant difference 
between the means of acceptance of interface (usefulness, ease, and 
recommendation), F(2,10)=20.88, p< .001, following the Greenhouse-Geisser 
correction, Epsilon= .807. Bonferroni-adjusted pairwise comparison demonstrated 
that the mean of the acceptance usefulness of interface (M= 75.88, SD=2.60) was 
significantly greater than the ease of interface (M=50, SD=4.6), and recommendation 
of interface (M=64.80, SD=2.10). 
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Fig. 2. Comparison of the Quiz results from different groups of learning style 

2.4 Course enrolled and preference of haptics 

As users were enrolled in different courses (see 2.1), a question arose concerning their 
degrees. For example, Bachelor of Computing (BComp) students used the system 
more easily than others in different disciplines. User test 1 had 2nd year MBBS and 
BComp students, user test 2 had MBBS year 1, and user test 3 had MBBS year 1 and 
other health related courses such as health and physical education, etc. The analysis of 
variance showed significant main effects and no significant interaction after 
Greenhouse-Geisser adjustment to the degrees of course enrolled and the acceptance 
of haptic interface. There is a significant difference of the main effect of the 
acceptance of the haptic interface, F(1,18)=20.49, p<.001, following the Greenhouse-
Geisser. A repeated measure ANOVA showed, however, that there was an 
insignificant difference among the mean of course enrolled, F(2,36)=2.78, p=.075, 
following the Greenhouse-Geisser. The interaction between current course enrolled 
and acceptance of haptic interface, showed that there was no significant difference, 
F(2,36)=.792, p=.461. 

The pattern of responses from three different user tests (Fig. 3.) shows that the use 
of the system may have become harder as the versions advanced, but its usefulness 
was rated higher than the ‘performed well’ response. All of the three questions were 
rated higher by males than females with statistically insignificant differences in 
acceptance levels for all aspects. 
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Fig. 5 Three user tests 

2.5 Previous 3D experience 

Quite a number of students identified themselves as having prior experiences with 3D 
interfaces (n=63) whereas very few users had used haptic interfaces before (n=15). 
Users with prior experiences with 3D interfaces are more likely to assess the system 
positively (Fig. 4.). The item, ‘would you recommend’ was significantly different as 
p=0.025 from t-test between two groups with and without previous 3D interface 
experience. The post-activity quiz score was p=0.050 with Mann-Whitney U test, 
showing another significant difference. Therefore, we could conclude previous 
experience with a 3D interface made users more likely to accept the haptic learning 
resource. 

 

Fig. 6 Responses with/without prior 3D experiences 
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3. Conclusion and Future Direction 

In such an important and difficult subject as anatomy, another type of resource will 
help students. The availability of different resources, including a haptic system, will 
assist students who are interested in learning differently.  

No significant difference was found in different learning styles. This means, this 
system works for all different styles of learners, at the same time, it doesn’t have any 
particular benefit to kinaesthetic learners. 

However, the significant differences were found in 3D model users. They assessed 
the system as ‘performed well’. Their quiz results were higher than for students 
without previous 3D experiences. When you have previous experiences with 3D 
systems, the more positive responses and the higher quiz results were found except 
the experienced ones found the system was more physically stressful. One thing we 
need to clarify was if the users were talking about the same level of 3D experiences. 
Most of them were talking about 3D images of games and other applications, unlike 
3D models that can be manipulated as in the system here.  

Gender differences were not found in this experiment, unlike most studies in the 
literature all. This could mean that the haptic system is gender neutral. However, the 
population for comparison was rather small (under 100 students).  

In a future study, we hope to let students explore each anatomical object with their 
whole hand rather than just a single haptic touch point. This will be more natural for 
users, and will incorporate tactile (touch sensations) as well as force feedback. As the 
device develops rapidly, such new devices will add to the kinaesthetic learning 
experience of the haptic-anatomy system.  

Acknowledgments. We thank the University of Tasmania for a Teaching 
Development Grant which enabled us to explore this new technology in class. Thanks 
also go to the teaching team and the students involved in the user tests.  

References 

1. Yeom S, Choi-Lundberg D, Fluck A, and Sale A.:User Acceptance of a Haptic Interface 
for Learning Anatomy. International Association for Development of the Information 
Society International conference on e-Learning (2013). 

2. Chuttur M.: Overview of the Technology Acceptance Model: Origins, Developments and 
Future Directions. Sprouts: Working Papers on Information Systems 9(37)(2009). 

3. Craig S, Tait N, Boers D, and McAndrew D.: Review of anatomy education in Australian 
and New Zealand medical schools. ANZ journal of surgery 80(4):212-216 (2010). 

4. Murray N, Qiao Y, Lee B, Muntean G, and Karunakar A.: Age and gender influence on 
perceived olfactory & visual media synchronization. In Multimedia and Expo (ICME), 
2013 IEEE International Conference on (pp. 1-6). IEEE. (2013). 

5. Alipour M, Gorjian B, and Zafari I.: The effects of songs on EFL learners' vocabulary 
recall and retention: The case of gender. Advances in Digital Multimedia (ADMM). 
2012;1(3):140-3 (2012). 



242 
 

6. Padilla-Meléndez A, Del Aguila-Obra A, and Garrido-Moreno A.: "Perceived playfulness, 
gender differences and technology acceptance model in a blended learning scenario", 
Computers & Education, Vol. No. 63, pp. 306-317 (2013). 

7. AlKhasawneh E.: Using VARK to assess changes in learning preferences of nursing 
students at a public university in Jordan: Implications for teaching. Nurse Education 
Today. 2013 Dec 31;33(12):1546-9 (2013). 

8. Coffield F, Moseley D, Hall E, and Ecclestone K.: Learning styles and pedagogy in post-
16 learning: A systematic and critical review, London, UK, Learning and Skills Research 
Centre (2004). 

9. Rohrer D, and Pashler  H.: "Learning styles: where's the evidence?", Med Educ, Vol. No. 
46, pp. 634-5 (2012). 

10. Esteban G, Fernández C, Conde MÁ, and García-Peñalvo FJ.: Playing with SHULE: 
surgical haptic learning environment. Proceedings of the Second International Conference 
on Technological Ecosystems for Enhancing Multiculturality: ACM. p 247-253 (2014). 

11. Ullrich S, and Kuhlen T.: Haptic palpation for medical simulation in virtual environments. 
Visualization and Computer Graphics, IEEE Transactions on 18(4):617-625 (2012). 

12. Tercero CR, Najdovski Z, Ikeda S, Nahavandi S, and Fukuda T.: Haptic feedback in 
endovascular tele-surgery simulation through vasculature phantom morphology changes. 
World Haptics Conference (WHC), 2013: IEEE. p 359-364 (2013). 

13. Marangunić N. and Granić A.: "Technology acceptance model: a literature review from 
1986 to 2013", Universal Access in the Information Society, Vol. No. 14, pp. 81-95 
(2015). 

14. Zacharis NZ.: Predicting college students' acceptance of podcasting as a learning tool. 
Interactive Technology and Smart Education 9(3):171-183 (2012). 

15. Davis FD, Bagozzi RP, and Warshaw PR.: User acceptance of computer technology: a 
comparison of two theoretical models. Management Science 35(8):982-1003 (1989). 

16. Oh J, and Yoon S-J.: Validation of Haptic Enabling Technology Acceptance Model (HE-
TAM): Integration of IDT and TAM. Telematics and Informatics 4(31):585-596 (2014). 

17. Oh E, and Reeves TC.: The implications of the differences between design research and 
instructional systems design for educational technology researchers and practitioners. 
Educational Media International 47(4):263-275 (2010). 

18. Urval, R. P., Kamath, A., Ullal, S., Shenoy, A. K., Shenoy, N., and Udupa, L. A.: 
Assessment of learning styles of undergraduate medical students using the VARK 
questionnaire and the influence of sex and academic performance. Advances in physiology 
education, 38(3), 216-220 (2014). 

19. Mohammadi, S., Mobarhan, M. G., Mohammadi, M., and Ferns, G. A.: Age and Gender as 
Determinants of Learning Style among Medical Students (2015). 

20. Fleming ND.: I'm different; not dumb. Modes of presentation (VARK) in the tertiary 
classroom. Research and Development in Higher Education, Proceedings of the 1995 
Annual Conference of the Higher Education and Research Development Society of 
Australasia (HERDSA), HERDSA. p 308-313 (1995). 

21. VARK Learn Limited. VARK: A guide to learning styles, and research & statistics (2016). 
 
 


	Tomorrow’s Learning: Involving Everyone
	Learning with and about technologies and computing
	Edited by:
	Arthur Tatnall and Mary Webb
	WCCE-2017 Committees
	WCCE-2017 International Program Committee
	Organising Committee
	Table of Contents
	Preface


	Futures of technology for learning and education
	Innovative practices with learning technologies
	Computer Science Education and its Future Focus and Development
	The Dublin Declaration
	Futures of Technology for Learning and Education

	1. Introduction
	2. Framework for analysis
	3. Liberating the learner
	4. Discussion
	5. Developments since 1995
	6. Tomorrow’s learning: ‘involving everyone’
	7. Discussion
	8. Conclusion
	References
	1   Introduction
	2   The Vision within the New Zealand Education System
	3   Challenges to Achieving the Vision
	4   Discussion and Conclusion
	References
	1. Introduction
	2. Methodology
	References
	1   Introduction
	2   Literature Review
	3   Study Design, Method/Methodology
	4   Findings and Discussion
	5   Conclusion
	References
	1.  Introduction and Research Background
	2.  Objectives of the study
	3.  Methodology
	3.1  Context of the Experimental School and Sample
	3.2  The Research Instrument
	3.3  Data analysis

	4.  Results
	4.1  Descriptive measures for pupils’ views and factorial structure of the questionnaire
	4.2  Impact of pupils’ individual characteristics (gender, age, frequency of internet use) on the “internet attitudes” factors

	5.  Discussion and Conclusions
	References
	1. Introduction
	2. Background
	1.1 Aims of the project
	1.2 Games in education

	2. Research and results
	2.1 Development process
	2.2 Results of collaboration

	3. Discussion
	4. Conclusion
	References
	1. Introduction
	2. Methodology
	3. Nature of studies under review
	4. Impact of online game-based learning /gamification on dispositions
	5 Impact of online game-based learning/gamification on cognitive abilities
	6 Impact of online game-based learning/gamification on behaviours
	7 Conclusion
	References
	1. Introduction
	2. Essence of Alternate Reality Gaming
	3. AR Gaming in Higher Education: A discussion on pros and cons
	3.1. The strengths
	3.2. The weaknesses

	4. The Verdict
	References
	1. Introduction
	2. Literature
	3. Methodology
	4. Results
	5. Discussion
	6. Conclusion
	References
	1   National context and challenges
	2   Main innovative characteristics of the e-Fran program
	3   Results from the selection process
	4   The e-Fran program follow-up
	5   Conclusion and future work
	References
	1. Introduction
	2. Literature Review
	2.1 Peer Observation, Peer Learning and Professional Learning Communities
	2.2 Mobile Technologies Enabling Computer Supported Collaborative Learning (CSCL)

	3. Context & Study Design
	4. Results and Discussion
	4.1 PST Perceptions of Mobile Technology Supported peer observation Process
	4.2 PST Focusses of peer feedback

	5. Conclusions and Implications
	References
	1 Introduction
	2   Method
	2.1 Participants and procedure
	2.2 Instruments

	3   Results
	4   Discussion
	References
	1. Introduction: The Domain of VET and Mobile Learning
	2. Methods: Interviews and Qualitative Content Analysis
	3. Results: Expertise of Trainers
	3.1 Tasks and activities
	3.2 Communication and task assignment in the apprenticeship
	3.3 Learning materials
	3.4 Expectations of trainers towards mobile learning

	4. Conclusion and Outlook: Mobile Learning in VET
	4.1 Summary and resulting requirements
	4.2 An approach for a mobile application to support learning tasks in VET and mechanical engineering
	Acknowledgements


	References
	1. Introduction
	2. Current state of research
	2.1 The use of new technologies at school
	2.2 Students and their Computer Literacy
	2.3 The relationship between the use of new technologies and CIL

	3. Research questions
	4. Methodology
	4.1 Sample
	4.2 Instruments and Methods
	Composition of Longitudinal Section. In order to model the longitudinal section, all students who only participated at one time of measurement were excluded from the analyses. The original 119 participants were hence reduced to 105 students that const...
	Tablet use. The use of tablets was assessed in a subject-specific approach for all school subjects. In the following, the frequency of tablet use is reported for the main subjects of German, Mathematics and English. The five-tier response format range...
	Computer Literacy. For the purpose of assessing the students‘ computer literacy, the National Educational Panel Study’s (NEPS) computer literacy test for Grade 9 was used [34]. Due to the fact that a few tasks of the Grade 9 NEPS test were no longer u...


	5. Findings
	5.1 Tablet use
	5.2 Computer Literacy
	5.3 Relationship between computer use and computer literacy – students achievement
	5.4 Relationship between computer use and computer literacy – teacher’s perspective

	6. Discussion and outlook
	References
	1. Introduction
	2.  Research Methodology
	2.1 Research Design
	2.2 Sample and Sampling Procedures
	2.3 Research Instruments
	2.4 Data Collection and Analysis

	3. Results
	3.1 Learner Demographic and Characteristics Information
	3.2 Students Experiences on the Remote Collaborative Course Environment
	3.3 Tools and Methods Used for Remote Collaboration
	3.4 Challenges Encountered in Remote Collaboration
	3.5 Students’ Perceptions’ on Remote Collaboration for Learning  ICT4D Course

	4. Discussion
	5. Conclusion and Future Work
	References
	1. Introduction
	2. Literature Review
	2.1 Array of collaborative software features
	2.2 Google Applications for Work
	2.3 Cloud Computing in Higher Education

	3. Research Design
	3.1 Method
	3.2 Data Analysis

	4. Results
	4.1 Real time collaboration
	4.2 Video Conferencing
	4.3 Technology experience and future plans
	4.4 Apps challenges
	4.5 Conversational analysis
	4.6 Discussion topic: Introducing Connectivism
	4.7 Minutes of a meeting coordinated at Facilitator’s office through Skype video conferencing

	5. Conclusion and future work
	References
	1. Introduction
	1.1 Background and context: Teacher Professional Learning Framework
	1.2 Impact of the Professional Learning Framework
	1.3 Problems of Scalability

	2. Scaling the Model of Professional Learning: MOOC related literature
	2.1 Why a MOOC?
	2.2 Can we recreate deep learning conversations live online?

	3. Design & Development of the 21CLD MOOC
	3.1 Designing opportunities for online deep learning conversations

	4. Conclusion
	References
	1   Introduction
	2   Didactical models and concepts
	2.1 Classical didactical models
	2.2  Set of didactical terms
	2.3  Templates and patterns
	2.4  Integration of a competency model

	3   Ontology
	3.1  Representation of didactical term sets
	3.2  Graphical user interface (GUI)
	3.3 Summary, current status

	4   Outlook
	References
	1. Introduction
	2. Structure of the Proposed Model
	2.1 Framework for Digitally Mature Schools

	3. Methodology
	3.1 Instrument for Measurement of Digital Maturity of Schools
	3.2 Initial Self-evaluation of Schools
	3.3 Initial External Evaluation of Schools

	4. Results
	5. Discussion
	6. Conclusion
	References
	1. Introduction
	2. The Secure Exam Environment (SEE)
	2.1 How do we secure the SEE?
	2.2 How do we ensure the SEE is reliable?
	2.3 How do we maximize the availability of the SEE?
	2.4 How do we protect the privacy of examinees?
	2.5 How do we support flexibility for examinees?

	3. Technical Obstacles and Challenges
	4. Organizational Obstacles and Challenges
	4.1 Organizational challenges before an exam
	4.2 Organizational challenges in the lecture hall
	4.3 Support after an eExam

	5. Experiences with eExams at the AAU and Further Developments
	5.1 (Dis-)Advantages for students
	5.2 (Dis-)Advantages for lecturers
	5.3 Further developments

	6. Conclusion
	References
	1. Introduction
	2. Old, Elderly, or Senior?
	3. Physical activity using motion detection devices
	4. Economic and demography
	5. Problem and objectives
	6. Methodology
	7. Expected outcomes
	Acknowledgments

	References
	Innovative Practices with Learning Technologies

	1 Introduction
	2 Background
	3 Method and Design
	4 Findings
	5  Discussion
	5.1 Task progression
	5.2 Sourcing Images
	5.3 Documentation
	5.4 Managing Digital Storytelling in the Classroom
	5.5 Digital storytelling and literacy

	6  Conclusion
	References
	1. Introduction
	2. Rospino: Design Features
	2.1 Research and Development

	3. Present Research
	3.1 Gender Differences: Beliefs, Expectations and Perceptions
	3.2 Self-efficacy and Gender
	3.3 Perceived Engagement and Gender
	3.4 Video Behavioural Observation

	4. Robotics in Primary Education
	5. Methods
	5.1 Participants
	5.2 Conditions
	5.3 Measures

	6. Research Results
	6.1 Results Regarding Changes in Self-efficacy
	6.2 Results Regarding Perceived Engagement
	6.3 Analysis of Results of Video and Programs

	7. Discussion and Limitations of the Research
	References
	1. Introduction
	2. Background and Literature Review
	3. Design Considerations and Decisions
	4. Evaluation of the Decision Support Tool
	5. Discussion
	6. Conclusion
	References
	1. Introduction
	2. Methods
	3. Results
	3.1 AR in Clinical Skills Education
	3.2 Clinical Augmented Reality Objects in Physical Examination (CAROPE)

	4. Discussion
	5. Conclusion
	References
	1. Introduction
	2. Preferences for accepting a haptic learning resource
	2.1 How the study was performed
	2.2 Different elements considered: gender, prior experiences, and acceptance
	Gender differences were reported in the fields of education including medical related disciplines [18, 19], but hardly found in anatomy learning. In the area of this study, gender differences were insignificant with respect to questions regarding acce...

	2.3 Preferred learning style
	2.4 Course enrolled and preference of haptics
	2.5 Previous 3D experience

	3. Conclusion and Future Direction
	Acknowledgments. We thank the University of Tasmania for a Teaching Development Grant which enabled us to explore this new technology in class. Thanks also go to the teaching team and the students involved in the user tests.

	References
	1. Introduction
	2. Related work
	2.1 Conversational intelligent tutoring systems
	2.2 Interpreting the non-verbal behavior of learners
	2.3 Comprehension classification by automata

	3. Hendrix 2.0
	4. Study: automatic classification of e-learner comprehension during on-screen conversational interactions
	4.1 Participants
	4.2 Method
	4.3 Results and discussion

	5. Conclusions
	6. Future work
	References
	1. Introduction
	2. The Value of Professional Education in Project Management
	3. PRINCE2 Project Management Methodology
	4. Research Study – Longitudinal Case Study
	5. Implications
	6. Conclusion
	References
	1. Introduction
	2. Research design
	3. Teacher-driven learning analytics
	4. Learning analytics in 1:1 environments
	5. Discussion
	6. Conclusion
	References
	1. Introduction
	2. Background
	2.1  Mobile Learning
	2.2  A pedagogical framework for m-learning: iPAC
	2.3 Feature Based Sentiment Analysis

	3. Study Design
	4. Results
	5. Discussion
	6. Conclusion and Future Directions
	References
	1. Introduction
	2. Methodology and Analysis
	2.1 The research interviews
	2.2 Analysis

	3. Findings
	3.1  Emerging Storylines
	Storyline # 1 Reading chemical subscripts
	Storyline # 2 I know … H2O
	Storyline # 3 This is … fun/interesting/easy


	4. Conclusions
	References
	1. Introduction
	2. Methodology
	3. Research setting and empirical data
	4. Analysis of the Data
	Video conferences: lurking, listening and leaving
	Video presentations: snooping and sneaking
	Online discussions in Adobe Connect and/or Moodle: The few
	Evaluation of the session: Lack of engagement

	5. Discussion and conclusion on the research question
	References
	1. Introduction
	2. Literature Review
	3. Methodology
	4. Findings and Discussion
	5. Conclusion
	References
	1. Introduction
	2. Background
	3. The Present Study
	3.1 Interventions (SRSD and SRSD+ICT intervention)
	SRSD model
	SRSD+ICT model


	4. Methodology
	4.1 Participants
	4.2 Writing measures and procedures

	5. Results and discussion
	6. Conclusions and Implications
	References
	1. Introduction
	2. Current study
	2.1 Context
	2.2 Procedure
	2.3 Validating the current study

	3. Data analysis
	4. Results and Discussion
	4.1 Findings
	4.2 Explaining the framework
	4.3 What are the enablers and inhibitors?

	5. Conclusions
	References
	1. Introduction
	2. Qualities of Learning
	3. The Virtual Learning Course
	4. Data Collection Methods
	5. Results
	6. Discussion
	7. Conclusion
	References
	1. Introduction
	2. Perspectives
	2.1  Tools
	2.2  Processes

	3. The Program
	4. The Study
	4.1  Data Sources and Evidence

	5. Results
	5.1  Teacher: Ms. A
	5.2  Teacher 2: Ms. B
	5.3  Cross Case Analysis

	6. Significance and Implications
	References
	1. Introduction
	2. Context
	3. Methodology
	3.1  Participants

	4. Results and Discussion
	4.1  Is there evidence of improved confidence with ICT (TK)?
	4.2  Is there evidence of increased understanding of the pedagogical implications of using ICT (PK)?
	4.3  Is there evidence of increased understanding of the ICT requirements for teachers (CK)?
	4.4  Is there evidence of an increased likelihood of PSTs using digital technology in the future?
	4.5 Other findings

	5. Limitations and Challenges
	6. Conclusion
	References
	1. Introduction
	2. The DIY Concept
	3. Implementation of DIY into Education
	4. A Model of DIYLab Activity
	4.1 Key features of DIYLab activities

	5. Specification of a Research Field
	5.1 Research Methodology
	5.2 Characteristics of student teachers participated in DIYLab activities

	6. Analysis of Some DIYLab Activities Performed by Student Teachers
	6.1 Ways in which the DIYLab activities met the defined requirements
	(1) Collaborative learning
	(2)  Inquiry-based teaching and learning
	(3)  Trans-disciplinary knowledge
	(4)  Autonomous / Self-regulated learning
	(5)  Digital literacy improvement / Digital competence
	(6)  Connection to study programmes / curriculum

	6.2 Examples of DIYLab activities carried out by Bc degree student teachers
	6.3 Examples of DIY activities carried out by MA degree student teachers
	6.4 Examples of DIY activities carried out by pupils and completed in lessons managed by ICT student teachers on school practice

	7. Conclusions
	References
	1.  Background
	2.  Introduction to the study
	3.  Development of the hapTEL Virtual Simulator
	4.  Evolvement of the Teaching and Learning Setting and Workshop Activities
	5.  Discussion and conclusions
	References
	1   Introduction
	2 Related Works
	2.1 Motivation and Short-term Goal
	2.2 Backward Design and Backward Learning
	2.3 Concept Map and Ontology

	3 EduGraph
	4 EduGraph Ontology
	4.1 Relationship Type
	4.2 Upper Ontology of EduGraph Ontology

	5 Tentative Evaluation through Actual Applications
	5.1 Application to “Introduction to Information Technology” in 2015
	5.2  Other Applications and Discussion
	6   Summary and Future Works
	References
	1  Introduction
	2   Literature
	3   Method and Approach
	4   Findings
	5   Discussion
	6   Conclusion
	References
	Computer Science Education and its Future Focus and Development

	1. Introduction
	2. Key challenges and issues
	3. Rationales for Computer Science in the curriculum
	4. The position of Computer Science in the curriculum
	5. Structuring the curriculum
	6. Pedagogical and Assessment challenges
	7. Discussion and conclusions
	References
	1   Introduction
	2   Looking Beyond National Borders
	3   A Very Short History of Digital Education in Austria
	4   Some Findings from a Nationwide Empirical Research
	5   Towards a National Curriculum
	6   Concluding Remarks
	References
	3.1 Industrial Collaborative Research Projects
	3.2  Internal Projects

	1. Introduction and Motivation
	2. Phenomena of the Digital World: Ubiquitous Computing and Internet of Things
	3. Analyzing Social Demands
	3.1 Research Goals and Data Gathering
	3.2 Data Analysis
	3.3 Results and Interpretation

	4. Conclusion
	References
	1. Introduction
	2. Early Computing in Australia
	3. The Beginnings of Computer Science and IS Curricula
	4. Methodology
	5. IS Curricula at Footscray Institute in the 1970s and 1980s
	6. IS Curricula at Western Institute in the late 1980s
	7. Information Systems Curricula at VU from the 1990s – 2000
	8. IS Curriculum at VU from 2000 – the Present
	8.1 The Rise and Fall of Electronic Commerce
	8.2 Enterprise Resource Planning (ERP)
	8.3 Consolidation of Offerings, ‘Fly By Nighters’ and a New Area

	9. Conclusion: What of the Future?
	References
	1. Introduction
	2. Related Research
	3. Research Question and Data Collection
	3.1 Data Validity

	4. Results and Analysis
	4.1 Participants
	4.2 Programming Experience
	4.3 Programming Languages
	4.4 Helpfulness of Experience
	4.5 Origins of Experience

	5. Discussion
	References
	1. Introduction
	2. Structuring Computing Interest
	3. Investigating Interest in Computing
	3.1 Structure of the Questionnaire
	3.2 Data Collection and Evaluation

	4. Results of a First Pilot Study
	4.1 Descriptive Statistics
	4.2 Selected Differences between Groups of Persons

	5. Conclusion and Outlook
	References
	1   Introduction
	2   Overview of the Summer Camp
	2.1 Game Strategies for ChainReaction (blue)
	2.2 Invited Speakers (red)
	2.3 Robotics Session (green)
	2.4 Presentations (yellow)

	3 Survey Results
	3.1  Pre-Survey: Prior Computing Experiences (Social Encouragement/Self Perception)
	3.2  Pre- and Post-Survey: Attitude towards Computing (Self-Perception/Career Perception)
	3.3. Post-Survey: Camp Experience (Academic Exposure/Career Perception)

	4   Conclusion
	References
	1. Introduction
	2. Method
	3. Results and Discussion
	Gender
	Diversity
	Special Educational Needs
	Attainment
	Economic disadvantage

	4. Conclusions
	References
	1. Introduction
	2. Relevant Literatures
	3. Methodologies
	4. Findings
	4.1 The possibility of educational support on computing and informatics
	4.2 Limitations of educational support on computing and informatics

	5. Discussion and conclusion
	References
	1. Media Education and Computer Science
	2. Task Design
	3. Fostering computational thinking
	3.1 Abstraction
	3.2 Algorithms
	3.3  Decomposition
	3.4  Generalisation

	4. Evaluation
	5. Conclusion
	References
	1. Introduction and motivation
	2. Background and related work
	3. Research questions
	3.1 Definitions of constructs

	4. Research method
	4.1 The measurement instrument
	4.2 Planning and implementation

	5. First results
	6. Conclusion
	References
	1. Introduction and Motivation
	1.1 Kelly’s Personal Construct Psychology
	1.2 Related Work and Our Goals

	2. Methodology
	2.1 Origins of the Repertory Grid Technique
	2.2 Modifications of the Technique
	2.3 Analysis and Interpretation of Repertory Grids and the Importance of Explanations during Repertory Grid Interviews
	2.4 Developing the Repertory Grid Interviews for this Particular CSE Study

	3. Results
	3.1 Execution of this Investigation
	3.2 Evaluating the Repertory Grid Interviews
	3.3 A Comparison of the Perceptions of the Internet We Won in this Study and the Results of Other Works

	4. Discussion
	4.1 Advantages of Using the Repertory Grid Method Instead of Other Instruments

	5. Conclusion
	References
	1. Introduction
	2. Data Management from a CS Perspective
	3. Related Work
	4. Teachers’ Content Knowledge and Attitudes
	4.1 Aims
	4.2 Survey Method and Implementation
	4.3 Results and Interpretation

	5. Students’ Knowledge and Experience
	5.1 Aims
	5.2 Survey Method and Implementation
	5.3 Results and Interpretation

	6. Conclusion
	References
	1   Background
	1.1 Defining Procedures in Research Literature
	1.2 Defining Procedures in Scratch

	2   Procedural Abstraction within ScratchMaths
	2.1 SM Pedagogic Strategy for Definitions

	3   Method
	3.1 Analysis
	3.2 Initial Issues and Misconceptions
	3.3 Use of Definitions after SM Intervention

	4   Discussion
	5   Conclusion
	References
	1. Introduction
	2. Literature review
	3. Background information about the project
	4. Method
	4.1  Sample
	4.2  Sources of data

	5. Data and results
	5.1 Curiosity
	5.2  Challenge
	5.3  Collaboration, communication, creativity and critical thinking
	5.4 Computational thinking
	5.5 Coding/programming

	6. Discussion and conclusion
	References
	1. Introduction
	2. Method
	2.1 Programming Workshop
	2.2 Programming Environment: Pyonkee
	2.3 Analytical Sample
	2.4 Analytical Method
	2.5 Focused Situation.
	2.6 Levels
	2.7 Phases

	3. Results
	3.1 Summary
	3.2 Detailed Analysis
	Scene 1: X struggled by herself (Phases 1–6).
	Scene 2: X and Y shared the problem (Phases 7–12).
	Scene 3: X and Y compromised (Phases 13–20).
	Scene 4: Clarified the Goal (Phase 21–27).


	4. Discussion
	5. Conclusion and Future Directions
	References
	1. Introduction
	2. Related research
	3. Computational Analysis and Design Engineered Thinking (CADET) Framework
	4. Operationalisation of Framework to Process
	4.1 Best Practice in Teaching Software Development
	4.2 Best Practice in Software Development Processes

	5. Computational Analysis and Design Engineered Thinking (CADET) Software Development Process
	1. Understand the problem - Using the support tool, learners will be invited to articulate their understanding of either a problem that they have provided or a problem that is provided to them as part of the learning process stage. This articulation o...
	2. Break into tasks - This stage employs decomposition to convert the high-level summary and specification from stage 1 into an intermediate set of constituent tasks and to further refine those tasks into more basic tasks if required. In order to make...

	6. Discussion
	References
	1. Introduction
	2. Background
	2.1 A preliminary case: Swengi - A new interface for a mobile version of a daily newspaper
	2.2 Students
	2.3 Curriculum reform and agile study modules

	3. Research and methods
	4. Results
	4.1 Findings
	4.2 Results of collaboration

	5. Conclusion
	References
	1. Introduction
	2. Related Work
	3. Information Dashboard
	4. Research Method
	4.1  Research questions
	4.2  Education environment descriptions
	4.3  Use of the dashboard and analyzed discourse
	4.4  Coding method

	5. Results
	5.1 Short descriptions of each case
	Case 1: Effects of reordering assignments
	Case 2: Compile error correction time and its improvement
	Case 3: Working time and maximum lines of codes
	Case 4: Characteristics of the assignment and improvement of instruction
	Case 5: Working time outside of classroom
	Case 6: Correlation between several coding metrics
	Case 7: BlockEditor usage of the 2016 year's course

	5.2 Results of qualitative analysis

	6. Discussion
	References
	1   Introduction
	2   Background and Related Work
	3   Methodology
	3.1  Design
	3.2  Item construction
	3.3  Participants

	4   Results
	4.1  Lookup Count
	4.2  Lookup Time
	4.3  Working Memory

	5   Discussion
	6   Conclusion
	References
	1   Introduction
	1.1  Related work
	1.2 Research Questions

	2   Project Structure
	2.1  Research Design
	2.2  Research Instruments

	4   First results
	5  Conclusion
	References
	1. Introduction
	2. Discussion of Organizational Models of Computing Education
	2.1 Integration into Existing Subjects
	2.2 A Separate (Mandatory) Subject for Computing Education
	2.3 School working groups/projects
	2.4 Out-of-school activities

	3. Conclusions
	References
	1 Introduction
	2 Educational Perspectives on the Digital Networked World
	3 Conclusions
	References
	1. Introduction
	2. Communities of practice
	3. NAPOJ Project
	3.1 Goal
	3.2 Framework
	3.3 Some evaluation and results
	3.4 Questionnaires and observations

	4. Conclusion
	References
	1. Introduction
	2. Theoretical Background
	2.1  Computational Thinking/FITness
	2.2  Half-baked microworlds
	2.3  Program Impact Theory

	3.  Methods and Implementation
	4. Outlook and Summary
	References
	1   Introduction
	2   Analysis of the initial position
	3   Preliminary considerations and framework conditions
	3.1  Personnel framework
	Course leader
	Students
	Technical support

	3.2  Situative framework conditions
	Computer room
	Technical conditions

	3.3  Didactic notes on the implementation
	Motivation
	Group composition
	Timeframe


	4   Implementation of the project
	4.1  Concept
	4.2  Teaching and individual support

	5   First conclusion
	References
	The Dublin Declaration

	Introduction
	IFIP TC3 Dublin Declaration
	Tomorrow’s Learning: Involving Everyone

	Background
	The Current and the Future
	Computer Science Education
	Our recommendations are:

	Developing Countries
	Our recommendations are:

	Inclusiveness and Student Engagement
	Our recommendations are:

	Teacher Education and Continuing Professional Development
	Our recommendations are:

	Game-Based Learning and Gamification
	Our recommendations are:

	e-Evaluation
	Our recommendations are:

	In Conclusion

