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ABSTRACT

Tangible user interfaces (TUIs) are frequently used to teach children abstract concepts, in science and mathematics. TUIs
offer a natural and immediate form of interaction that promotes active and hands-on engagement and allows for
exploration and reflection. Tangible objects are representational artifacts in their essence, and they increase the
representational power, which is a much needed quality in fraction teaching. By exploiting research into the external
representations for learning, tangibles and embodied learning, we have designed an interactive tangible number line,
named Fractangi, as a conceptual metaphor for helping students to understand and exploit fractions by acting with their
hands. A pilot study was conducted in a Department of Primary Education with 65 undergraduate students in order to
extract preservice teachers’ views on the usability and learning effectiveness of the proposed tangible interface.
Preservice teachers’ views were extremely positive, in regards both to the context of usage (tangibility, gamification), and
to the content of the interaction (learning interactions were considered better than traditional forms of teaching).
Fractangi seems able to transform an unpopular learning topic to an enjoyable learning experience.
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1. INTRODUCTION

Many researchers have suggested that tangible user interfaces (TUIs) have a great potential for supporting
children’s informal and formal learning because they leverage both familiar physical artifacts and digital
computation. Tangibles are frequently used to teach children abstract concepts, in science and mathematics
(Manches et al. 2010, McNeil et al. 2009). For example, Button Matrix (Cramer & Antle, 2015) uses coupled
tactile, vibration and visual feedback to highlight features of a physical experience with arithmetic concepts
and cue reflection on the links between the physical experience and mathematical symbols. Tangibles are
able to offer a natural and immediate form of interaction that is accessible to learners, promotes active and
hands-on engagement, encourages exploration and reflection, provides learners with tools to think with,
enables learning abstract concepts through concrete representations while also offering collaborative
opportunities for learners (Antle & Wise, 2013). Research has highlighted that technological tools for
children need to be exciting, support exploration, inspire creativity, grow curiosity, stimulate interaction, and
collaboration with peers, while being intuitive to use (Sylla et al. 2015). These are exactly the opportunities
offered by TUIs for education through their natural support for collaborative activities, physical interactions,
and external representations (Schneider et al. 2011).

While similar efforts have been made in many fields of mathematics, just few educational applications
aim at learning about fractions. Fractions knowledge is a difficult to grasp domain, given the complex
conceptual content and the frequent students’ misconceptions. In this study, we have created a tangible
learning environment called Fractangi, which aims to help students understand fractions with the help of a
tangible interactive gamified number line. After a brief literature review, we will describe the design and
operation of the tangible explorative interface, and then the results of a pilot study.
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2. LITERATURE REVIEW

2.1 Learning about Fractions

Fractions instruction is usually a challenge for the teachers, since it is an object with complex conceptual
content. Main fraction knowledge include the facts that fractions represent a part of an object or parts of a set
of objects, they can be represented by fractional symbols, and that they are numbers that reflect numerical
magnitudes (Jordan et al, 2013).

However, students often meet difficulties, as they cannot overcome the belief that the whole number
properties are not applicable for all numbers in all cases and, even in high-school, many students are unable
to understand that there are infinite numbers between any two fractions (Vamvakoussi and Vosnhiadou, 2010).
In addition, many students encounter fractions as "meaningless symbols" or view numerator and denominator
as separate numbers and not as a unified whole (Fazio and Siegler, 2011). Apart from these, some
weaknesses in conceptual understanding can also be identified by the variability of strategies used by
students, even in the case of the same problems and procedures (Lemonidis, 2015; Siegler et al, 2013). Due
to such misconceptions, many teachers tend to work with fractions entirely as part-whole concepts (Lee,
2012). However, it is difficult for students to reconcile the part-whole model with the fact that fractions are
continuous and infinitely divisible (Riconscente, 2013) and, consequently, more learning obstacles appear.

Among various teaching approaches suggested in contemporary bibliography, the most effective method
to understand that fractions are numbers seems to be their representation on a number line. As Siegler et al,
(2011) state "numerical development involves coming to understand that all real numbers have magnitudes
that can be ordered and assigned specific locations on number lines”. As a result, the number line model is
suitable for fractions comprehension, as it offers significant benefits compared to other representational
models. For instance, it offer advantages over the area models (such as pizza and rectangles) since it is much
easier to divide the whole into equal parts; only length is involved, and hence addition and subtraction of
fractions are more easily modeled on the number line (Wu, 2011).

Consequently, the number line is an advantageous tool for the understanding fractions as number
magnitudes and that’s why we selected this representational approach to become the basis of our tangible
environment.

2.2 Tangibles and Embodiment in Mathematics

Mathematical cognition is embodied in two senses: it is based on conception and action, and is founded on
the natural environment (Alibali & Nathan, 2012). Original human experiences are with objects met in nature
and not with symbols. So, from the perspective of embodied learning, people interactions with physical
objects create the foundation for subsequent "construction" of non-physical entities, contained in formal
mathematical definitions (Moore-Russo et al, 2014). For example, when students talk about the concepts they
learn, they often express new knowledge with gestures and bodily expressions proving that gestures are an
integral part of communication about mathematical concepts (Abrahamson et al, 2012). So, when a student
"becomes a thing itself," researchers assume that has a completely different kind of experience from a student
who just watches, because the embodied learning promotes links between physical activities and
mathematics, in a way that observation cannot do. As Birchfield claimed (2015), embodied learning is
kinesthetic, multimodal and collaborative. In the definition above, the term "kinesthetic" means that each
student interacts with the physical space using movements of his entire body, while the term "multimodal”
refers to the fact that students see, hear and touch their "experiences". According to Moore-Russo, Ferrara &
Edwards (2014), the motor system is involved in learning in diverse ways such as whole body movements,
gestures, gaze, head movements, body postures, object manipulation, rhythm, etc. Similarly, the means of
interaction can be tangible, such as voice, hands and body, or external, such as a computer screen, pencil,
electronic devices, manipulative material for mathematics etc.

Physical objects have been traditionally used in kindergartens and elementary schools to introduce young
learners to abstract concepts such as quantity, numbers, base ten, etc. Interestingly, there is another stream of
research which supports that physicality is not important and offer evidence where children do not transfer
performance from physical to symbolic representations of problems (McNeil et al 2009). However, a recent
meta-analysis found that the use of physical manipulatives in math education tends to improve retention,
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problem solving, and transfer (Carbonneau, Marley, & Selig, 2013). Additionally, the context of use seems
also to have detrimental effects. For example, unconstrained physical manipulation is probably suboptimal
for learning (Stull et al. 2013) or high interactivity may be overwhelming and also lower learning
performance (Stull et al. 2012).

Summing up, tangibles seem to offer great opportunities for learning since they constrain input
alternatives and thus reduce modality on the interface, they promote sensory engagement which is the natural
way students learn, they facilitate spatial tasks through the inherent spatiality of their existence, they offer
opportunities for coupling the control of the physical object and the manipulation of its digital representation
and they promote group learning by providing a multi-hand interface that does not give control to one person.

3. FRACTANGI: INTERACTIVE NUMBER LINES

Tangible objects are representational artifacts in their core essence, and combine some form of external
representation with physical objects. Hence, they increase the representational power which is a much needed
quality in fraction teaching. By exploiting research into the external representations for learning, tangibles
and embodied learning, we have designed an interactive tangible number line as a conceptual metaphor for
helping students to understand and exploit fractions by acting with their hands.

The tangible interface consists of a rectangular wooden structure with a length of 130 cm and width of 30
cm. On the bottom side, there is a lane with metal points along its length and a little wooden car, which can
be moved along the lane and is fastened with a strap that resists moving and always returns it to its initial
position. All along the main lane there are 14 points, which act like "buttons” and can be clicked by players
to indicate the respective answer during the game. Above the first lane, there are 3 colorful ones which
correspond to number lines divided into 3, 4 or 5 parts. In this area there is also a vertical “marker” that can
be moved right or left to enable the players to study the equivalences between the different number lines. The
basic number line is located just above the first lane and ranges from 0 to 2. Similarly, under the main lane,
the distance is also presented in meters, so as to offer various symbolic representations.

Figure 1. Fractangi

The game script describes that 20 runners from various countries had begun a race of 2 kilometers, which
stopped due to heavy rainfall. At that time, each athlete had reached a specific position which was written
down in cards. Students have to become the drivers of the wooden car and carry each athlete from the start to
the point where they had stopped. Their runners’ last position is given as a fraction of the main lane or in
some cases as a fraction in relation to the position of other runners.

Athletes are depicted on the cards together with a name, the flag of their home country, and their last
position as a fraction, a decimal number, and/or another virtual representation. The runners’ names rhyme
humorously with the names of the countries, so as to offer a more appealing experience to the students.
Students have to put the card on the back of the car, transfer the athletes to their last position and press the
metal protrusion located in the side of the car in order to check their answers. The device either congratulates
the student or gives her feedback for finding the right answer. When the students find the correct answer,
they place the card in holes at the upper edge of the construction, so as to be able to compare it later with the
other runners.

The construction exploits cheap prototyping hardware (Makey Makey) and is controlled by a Scratch 2.0
program so as to be easily replicated by school instructors.
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Figure 2. Fractangi Playing
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Figure 3. Samples of Cards with Runners

The game’s objective is to engage the students in a variety of actions and cognitive processes, such as
placing simple and improper fractions on number lines, interacting with various representations of fraction
magnitudes (areas, decimal numbers and bar charts), comparing fractions, converting fractions into other
equivalent representations and, finally, making operations with fractions (mainly addition and subtraction).

4. METHOD

A study was conducted in order to extract preservice teachers’ views on the usability and learning
effectiveness of the proposed tangible interface. The study was conducted in the context of a tangible and
mixed reality educational spaces exhibition. Sixty five students of a Department of Primary Education
participated in the study, 14 men and 51 women. The sampling was random and voluntary from the
perspective of participants.
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Every time a group of students approached the researchers, they explained the game rules and, then, asked
them to get involved in the game. Participants usually played the game in groups of 3 to 4 people, but in few
cases individually too. The mean usage of the environment was 20 to 30 minutes.

We employed both quantitative and qualitative measures. A questionnaire with 10 Likert type questions
was used for evaluating the interface in 5 axes: usability, innovation, enjoyment, addressing learning
objectives and future use. Ten of the participants voluntarily participated to a semi-structured interview
process. The interview questions focused on the differences between the learning processes promoted by
Fractangi, compared to traditional forms of teaching fractions.

5. RESULTS

5.1 Quantitative Data Analysis

The following table (Table 1) presents 65 students’ responses in the closed-type questionnaire. The
quantitative evaluation of the tangible environment was very positive. It can be concluded that the
overwhelming majority of the students considered the tangible interface as useful, easy and enjoyable, both
for themselves and their prospective students. And this becomes even more important, if we consider that
fractions are a difficult and unpopular subject. Preservice teachers claimed that Fractangi is able to achieve
its learning objectives, can help student exercise with fractions and fits well to the school’s curriculum. The
vast majority of the students also claimed that the interface offers interactions that were not possible in the
past, provides understanding that is not easily achieved with traditional teaching means and, also, the
feedback provided for the students’ actions is satisfactory. It is particularly encouraging that students not only
stated that they would like to test Fractangi in the classroom, but also that they would like to be in a position
to create their own respective interfaces.

Consequently, preservice teachers’ views for Fractangi were very positive, in regards both to the context
of usage (tangibility, gamification), and to the content of the interaction (better learning interactions than
traditional forms of teaching).

Table 1. Students’ Responses to the Statements of the Questionnaire

Neither
. Totally . Agree Totally
Fractangi: Disagree Disagree Nor Agree Agree
Disagree
. e 2 32 7 4 1
The use of the device was difficult. (32.3%) (49.2%) (10,8%) (6.2%) (1.5%)
Students will find the interface enjoyable and 0 0 0 25 40
they will be actively engaged with it. (0%) (0%) (0%) (38,5%) (61,5%)
The learning objectives regarding fractions can 0 0 1 29 35
be achieved through Fractangi. (0%) (0%) (1,5%) (44,6%) (53,8%)
The device addresses the school’s curriculum 1 0 7 34 23
aims. (1,5%) (0%) (10,8%) (52,3%) (35,4%)
The device allows students to make mistakes 0 3 4 36 22
and gives them appropriate feedback. (0%) (4,6%) (6,2%) (55,4%) (33,8%)
Students will probably prefer traditional 35 25 1 3 1
\tlc\e,Z;hmg methods, as they will learn more that (53.8%) (38,5%) (1,5%) (4,6%) (15%)
The device provides knowledge in such a way 0 5 1 29 20
that could be hardly achieved in the classroom (0%) (7.7%) (16,9%) (44.6%) (30,8%)

by traditional means.
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The interface is innovative and provides 0 0 1 31 33

interactions that were unachievable in the past. (0%) (0%) (1,5%) (47,7%) (50,8%)

1 would like to experiment the device with 0 0 1 27 37

students. (0%) (0%) (1,5%) (41,5%) (56,9%)
0 0 0 20 45

I would like to be able to create such devices. (0%) (0%) (0%) (30,8%) (69,2%)

5.2 Qualitative Data Analysis

The questions posed to the ten interviewees aimed at gathering qualitative data for the five axes of the
questionnaire.

Regarding the innovation of the interface and its differences to traditional teaching methods, all students
claimed that they find Fractangi very innovative. Also, they supported that Fractangi will be even more
enjoyable for students thanks to its playful nature, which will undoubtedly stimulate children's interest, and
will motivate them.

"It's very innovative and different in comparison to just listening to the teacher™

"It is innovative and quite helpful... it is a game, in which children will strive to participate, it will
capture their interest and will become a creative activity"

"It is pleasant, interesting and has a lot of fun"

When participants were asked about whether a student could learn about fractions with Fractangi,
everyone responded positively. Two undergraduates claimed that the tangible device probably is more
intended for practicing in fractions, so they would use it complementary to conventional teaching in
classroom.

""Students can obtain an enhanced sensitization of numbers, since they see the fractions in front of them"

"They see in front of them what the fractional unit is as well as its relationship with other fractions, so
they will develop a better understanding"

"The game involves distances, which are familiar to students, and that will help them a lot to learn"

"It helps kids to learn, because although it is an embodied game, it is not abstract but focuses on specific
learning objectives. | would definitely prefer Fractangi as a supplement to traditional teaching in the
classroom™

It is important that although participants found the tangible device easy to use, interesting and playful at
the same time, they said that the activities demanded a lot of cognitive effort.

"You stress your mind, but that's the point"

"There is an inherent difficulty in fractions, but that’s the case. You aren’t just placing the athletes; you
have to work your mind in order to do it"

“...it cleverly asks students to simplify fractions and do fraction operations, since it asks them to
calculate distances, by saying ‘he is in front of somebody by a fraction ™

Some undergraduates confronted difficulties in putting the athletes in the right position, while during
practicing, they also clarified issues around fractions that they had not comprehended in the past. The
representations of the fractions were considered adequate and useful, both the ones that existed on the device
and the ones presented on the cards.

"It offers good representations, you can see the equivalences and you can easily make conversions and
simplifications."

"The cards are necessary and help a lot, because you can see the comparisons between runners and you
can understand the relationship between fractions"

When asked to consider changes that should be made in order to improve the tangible device, all ten
participants answered that they wouldn’t change anything, while some argued that Fractangi should be even
sold as a commercial game.

"It is very impressive, it has nice colors and it immediately caught my attention."

"It is robust because it is made of wood and you are not afraid to play. It could be sold as a toy. It is very
well made"

A small concern stated was that the large size of the device may impede its usage for shorter kids.
However, this can easily be overcome since two or more students can work together in choosing the position
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by just touching each other. As expected, a participant underlined that one device alone cannot address the
needs of a classroom as its usage is intended for 4-6 individuals. He argued that if there are no other devices,
that could be a deterring factor for using it in a classroom.

An important observation of the authors was that some participants, who faced considerable difficulties in
carrying out the required operations with fractions, could continue its usage only with the explicit help of the
researchers. Hence, if there was no presence of a researcher, some players would probably "stuck™ at a point
and would not manage to complete the game successfully. This means that despite the positive assertions for
the feedback system, there is room for improvement. The device aims at letting the students to become
autonomous in their play; the interaction should occur between them and the device, without requiring the
researcher’s or teacher’s presence during the game play.

6. DISCUSSION

Low cost rapid prototyping hardware together with the uprising trend of arts and crafts fairs, tinkering and
inventing have created a new trend of creating tangible technologies for learning. Researchers but also
teachers and students can create or replicate tangible devices as Fractangi easily and, hence, the focus now is
on the effective exploitation of physical interfaces or on identifying adequate embodied metaphors and
realizing them into interaction models. Our pilot study indicated that Fractangi is a tangible environment that
manages to transform exercising with fractions to an enjoyable and effective learning experience. Preservice
teachers were enthusiastic with its instructional possibilities and also wanted to be able to create such devices
by themselves.

Our study has several limitations. The most important one is that we present the perceived evaluations of
preservice teachers. Although their views are a good indicator for the acceptability of the proposed interface
from teachers, they cannot offer definite answers for the learning effectiveness of the device for students.
Additionally, we do not analyze the underlying embodied mechanism for learning. Our hypothesis is that the
Fractangi provokes students to develop a significant number of gestures that help them codify and understand
better fractions and their equivalences and operations. This is the basic aim of our future research with
Fractangi.

REFERENCES

Abrahamson, D. et al, 2012. You’re it! Body, action, and object in STEM learning. Proceedings of the International
Conference of the Learning Sciences: Future of Learning (ICLS 2012). Vol. 1, pp. 283-290.

Alibali, M. W. and Nathan, M. J., 2012. Embodiment in Mathematics Teaching and Learning: Evidence From Learners’
and Teachers’ Gestures. Journal of the Learning Sciences, Vol. 21, No. 2, pp 247-286.

Antle, A. N. and Wise, A. F., 2013. Getting down to details: Using theories of cognition and learning to inform tangible
user interface design. Interacting with Computers, Vol. 25, No. 1, pp 1-20.

Antle, A. N. et al, 2011. Embodied Interaction: Theory and Practice in HCI. In Proc. CHI, Vol. 11.

Avyala, N. A. R. etal, 2013. Kinesthetic Learning Applied to Mathematics Using Kinect. Procedia Computer Science, Vol
25, pp 131-135.

Birchfield, D., 2015. Smallab learning. Retrieved August 12, 2015, from http://smallablearning.com/embodied-learning/

Carbonneau, K. J. et al, 2013. A meta-analysis of the efficacy of teaching mathematics with concrete manipulatives.
Journal of Educational Psychology, Vol. 105, No. 2, pp 380.

Cramer, E. S. and Antle, A. N., 2015. Button Matrix: How Tangible Interfaces can Structure Physical Experiences for
Learning. Proceedings of the Ninth International Conference on Tangible, Embedded, and Embodied Interaction.
ACM, pp. 301-304.

Fazio, L. and Siegler, R. S., 2011. Teaching fractions. International Academy of Education.

Jordan, N. C. et al, 2013. Developmental predictors of fraction concepts and procedures. Journal of Experimental Child
Psychology, Vol. 116, No. 1, pp 45-58.

Lee, Y.L., 2012. Using computer games to learn fractions (Doctoral dissertation, University of Otago).

Lemonidis, C., 2015. Mental Computation and Estimation: Implications for Mathematics Education Research, Teaching
and Learning. Routledge.

163


http://smallablearning.com/embodied-learning/

ISBN: 978-989-8533-55-5 © 2016

Manches, A. et al, 2010. The role of physical representations in solving number problems: A comparison of young
children’s use of physical and virtual materials. Computers & Education, Vol. 54. No. 3, pp 622-640.

McNeil, N. M. et al, 2009. Should you show me the money? Concrete objects both hurt and help performance on
mathematics problems. Learning and Instruction, Vol. 19, No. 2, pp 171-184.

Moeller, K. et al, 2015. Computers in mathematics education—Training the mental number line. Computers in Human
Behavior, Vol. 48, pp 597-607.

Moore-Russo, D. et al, 2014. Emerging Perspectives on Gesture and Embodiment in Mathematics. Information Age
Publishing, Charlotte, NC.

Riconscente, M., 2013. Mobile Learning Game Improves 5th Graders' Fraction Knowledge and Attitudes. GameDesk
Institute, Los Angeles.

Schneider, B. et al, 2011. Benefits of a tangible interface for collaborative learning and interaction. In IEEE Transactions
on Learning Technologies, Vol. 4, No. 3, pp 222-232.

Siegler, R. S. et al, 2013. Fractions: the new frontier for theories of numerical development. Trends in cognitive sciences,
Vol. 17, No. 1, pp 13-19.

Siegler, R. S. et al, 2011. An integrated theory of whole number and fractions development. Cognitive psychology, Vol.
62, No. 4, pp 273-296.

Stull, A. T. et al, 2013. Usability of concrete and virtual models in chemistry instruction. Computers in Human Behavior,
Vol. 29, No. 6, pp 2546-2556.

Stull, A. T. et al, 2012. Representational translation with concrete models in organic chemistry. Cognition & Instruction,
Vol. 30, No. 4, pp 404-434.

Sylla, C. et al, 2015. Play platforms for children’s creativity. In Creativity in the Digital Age, pp. 223-243.

Vamvakoussi, X., and Vosniadou, S., 2010. How many decimals are there between two fractions? Aspects of secondary
school students’ understanding of rational numbers and their notation. Cognition and instruction, Vol. 28, No. 2, pp
181-209.

Wu, H., 2011. Teaching fractions according to the Common Core Standards. Retrieved February, 24, 2014.

164



	13th INTERNATIONAL CONFERENCE ON COGNITION AND EXPLORATORY LEARNING IN DIGITAL AGE (CELDA 2016
 )
	COPYRIGHT 

	TABLE OF CONTENTS

	FOREWORD

	PROGRAM COMMITTEE

	KEYNOTE LECTURES
	FULL PAPERS 

	A SERVICE-LEARNING PROJECT USING CROWDFUNDING STRATEGY: STUDENTS’ EXPERIENCE AND REFLECTION

	TOWARDS A THEORY-BASED DESIGN FRAMEWORK FOR AN EFFECTIVE E-LEARNING COMPUTER PROGRAMMING COURSE 

	AN ONTOLOGY FOR LEARNING SERVICES ON THE SHOP FLOOR 
	THE IMPACT OF TECHNOLOGY INTEGRATION UPON COLLEGIATE PEDAGOGY FROM THE LENS OF MULTIPLE DISCIPLINES

	A LEARNING SUPPORT SYSTEM REGARDING MOTION TRIGGER FOR REPETITIVE MOTION HAVING  AN OPERATING INSTRUMENT 

	TASK-BASED ASSESSMENT OF STUDENTS’ COMPUTATIONAL THINKING SKILLS DEVELOPED THROUGH VISUAL PROGRAMMING OR TANGIBLE CODING ENVIRONMENTS  

	FRAMEWORK FOR INTELLIGENT TEACHING AND TRAINING SYSTEMS – A STUDY OF SYSTEMS 
	MOBILE DEVICE USAGE IN HIGHER EDUCATION 
	FEATURES STUDENTS REALLY EXPECT FROM LEARNING ANALYTICS 
	MUSIC TECHNOLOGY COMPETENCIES FOR EDUCATION: A PROPOSAL FOR A PEDAGOGICAL ARCHITECTURE FOR DISTANCE LEARNING 
	INCREASING STUDENTS’ SCIENCE WRITING SKILLS THROUGH A PBL SIMULATION
	THE EFFECT OF CHOOSING VERSUS RECEIVING FEEDBACK ON COLLEGE STUDENTS’ PERFORMANCE 
	THE IMPACT OF MIDDLE-SCHOOL STUDENTS’ FEEDBACK CHOICES AND PERFORMANCE ON THEIR FEEDBACK MEMORY 
	NUMERICAL ACUITY ENHANCEMENT IN KINDERGARTEN: HOW MUCH DOES MATERIAL PRESENTATION FORM MEAN? 
	A VIDEO GAME FOR LEARNING BRAIN EVOLUTION:  A RESOURCE OR A STRATEGY? 

	COMMUNICATION VULNERABILITY IN THE DIGITAL AGE: A MISSED CONCERN IN CONSTRUCTIVISM 

	ONLINE LEARNERS’ NAVIGATIONAL PATTERNS BASED ON DATA MINING IN TERMS OF LEARNING ACHIEVEMENT 

	AMAZED BY MAKING: HOW DO TEACHERS DESCRIBE THEIR PBL EXPERIENCE  

	GROUP WORK AND THE IMPACT, IF ANY, OF THE USE OF GOOGLE APPLICATIONS FOR EDUCATION 

	FRACTANGI: A TANGIBLE LEARNING ENVIRONMENT FOR LEARNING ABOUT FRACTIONS WITH AN INTERACTIVE NUMBER LINE 

	EVALUATION OF LEANING UNIT DESIGN WITH USE OF PAGE FLIP INFORMATION ANALYSIS 

	EINSTEIN’S RIDDLE AS A TOOL FOR PROFILING STUDENTS 

	EXPLORING STUDENTS’ E-LEARNING EFFECTIVENESS THROUGH THE USE OF LINE CHAT APPLICATION 
	FACTORS AFFECTING PERCEIVED SATISFACTION WITH FACEBOOK IN EDUCATION 

	INTERACTIVE VIDEO, TABLETS AND SELF-PACED LEARNING IN THE CLASSROOM: PRESERVICE TEACHERS PERCEPTIONS 

	COGNITIVE DESIGN FOR LEARNING: COGNITION AND EMOTION IN THE DESIGN PROCESS 

	INVESTIGATING THE POTENTIAL OF THE FLIPPED CLASSROOM MODEL IN K-12 MATHEMATICS TEACHING AND LEARNING 

	LEARNING ANALYTICS TO UNDERSTAND CULTURAL IMPACTS ON TECHNOLOGY ENHANCED LEARNING 

	WIDENING AND DEEPENING QUESTIONS IN WEB-BASED INVESTIGATIVE LEARNING 

	YEAR 9 STUDENT VOICES NEGOTIATING DIGITAL TOOLS AND SELF-REGULATED LEARNING STRATEGIES IN A BILINGUAL MANAGED LEARNING ENVIRONMENT 

	PURPOSEFUL EXPLORATORY LEARNING WITH VIDEO USING ANALYSIS CATEGORIES 

	BUILDING A LEARNING EXPERIENCE: WHAT DO LEARNERS’ ONLINE INTERACTION DATA IMPLY? 

	RULES FOR ADAPTIVE LEARNING AND  ASSISTANCE ON THE SHOP FLOOR 

	PARTICIPATION AND ACHIEVEMENT IN ENTERPRISE MOOCS FOR PROFESSIONAL LEARNING 


	SHORT PAPERS

	CONNECTIVIST COMMUNICATION NETWORKS 

	LEARNING AND SKILLS DEVELOPMENT IN A VIRTUAL CLASS OF EDUCOMMUNICATION BASED ON EDUCATIONAL PROPOSALS AND INTERACTIONS 

	THE RELATIONSHIP AMONG ICT SKILLS, TRADITIONAL READING SKILLS AND ONLINE READING ABILITY 

	TOWARDS CONCEPT UNDERSTANDING RELYING ON CONCEPTUALISATION IN CONSTRUCTIVIST  LEARNING 

	E-LEARNING IN CHEMISTRY EDUCATION:  SELF-REGULATED LEARNING IN A VIRTUAL CLASSROOM 

	RELATIONSHIP OF MOBILE LEARNING READINESS TO TEACHER PROFICIENCY IN CLASSROOM TECHNOLOGY INTEGRATION  

	HUMAN COMPUTER INTERACTION (HCI) AND INTERNET RESIDENCY: IMPLICATIONS FOR BOTH PERSONAL LIFE AND TEACHING/LEARNING 

	A PORTFOLIO FOR OPTIMAL COLLABORATION OF HUMAN AND CYBER PHYSICAL PRODUCTION  SYSTEMS IN PROBLEM-SOLVING  

	INNOVATIVE COLLABORATIVE LEARNING STRATEGIES FOR INTEGRATED INTERACTIVE E-LEARNING IN THE 21ST CENTURY  
 
	EDUCATIONAL CRITERIA FOR EVALUATING  SIMPLE CLASS DIAGRAMS MADE BY NOVICES  FOR CONCEPTUAL MODELING 

	DIGITAL NATIVES AND DIGITAL DIVIDE: ANALYSING PERSPECTIVE FOR EMERGING PEDAGOGY 

	E-LEARNING SYSTEM USING SEGMENTATION-BASED MR TECHNIQUE FOR LEARNING CIRCUIT CONSTRUCTION 
	STUDENTS’ GOOGLE DRIVE INTENDED USAGE:  A CASE STUDY OF MATHEMATICS COURSES IN BANGKOK UNIVERSITY 

	AN EMPIRICAL STUDY ON THE IMPACT OF SELF-REGULATION AND COMPULSIVITY TOWARDS SMARTPHONE ADDICTION OF UNIVERSITY STUDENTS 
 
	ADAPTIVE GAME BASED LEARNING USING BRAIN MEASURES FOR ATTENTION – SOME EXPLORATIONS 

	EVALUATION OF THE COURSE OF THE FLIGHT SIMULATORS FROM THE PERSPECTIVE OF STUDENTS AND UNIVERSITY TEACHERS
	DEVELOPMENT OF CRITICAL THINKING WITH METACOGNITIVE REGULATION 
	ENACTING STEM EDUCATION FOR DIGITAL AGE LEARNERS: THE MAKER MOVEMENT GOES TO SCHOOL
	NEW SCENARIOS FOR AUDIENCE RESPONSE SYSTEMS IN UNIVERSITY LECTURES
	ACADEMIC RETENTION: RESULTS FROM A STUDY IN AN ITALIAN UNIVERSITY COURSE  

	LEARNING HOW TO WRITE AN ACADEMIC TEXT: THE EFFECT OF INSTRUCTIONAL METHOD AND REFLECTION ON TEXT QUALITY 

	REFLECTION PAPERS

	TEACHERS’ ATTITUDE TOWARDS ICT USE IN SECONDARY SCHOOLS:  A SCALE DEVELOPMENT STUDY 

	INVENTING THE INVENTED FOR STEM UNDERSTANDING 

	AUTHOR INDEX 




