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Abstract: Today’s new digital technologies and the spread of the internet have
created numerous new opportunities and challenges for the education of the
future. The rapid development of mobile and ubiquitous computing technology
offered more chances to design and develop innovative learning approach with
mobile devices in preparing schools and students for a future. In this paper we
present case examples and the research results and reflections based on our
recent developments and experiences in Thailand regarding how novel
pedagogical applications, mobile technologies and software tools can be
combined to enhanced students’ learning at all level of education. To the end,
we propose a possible direction for the transformation of traditional teaching in
science to a novel of mobile and ubiquitous learning in an on-going large-scale
educational project in Thailand. This is a challenge of our educational
improvement to introduce the novel mobile-assisted learning approach, with the
support of mobile devices, into classroom settings, innovative instructional
practices and sustainability as the way of future schools in context of Thailand.
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1. Introduction

The rapid development of ubiquitous computing technology, which enables people to
seamlessly utilize huge amounts and various kinds of functional objects anytime and
anywhere through network connections, has enabled many possibilities of emerging
pedagogical applications in order to improve quality of education. In recent years, the
integration of technologies underlying ubiquitous computing and wireless communication
with the supports of mobile devices have created innovative learning environment in
schools (Hung, Lin, & Hwang, 2010; Hwang & Chang, 2011), and this technology-
enhanced learning development allows learners to experience new learning situations
beyond the classroom. This new development of school learning environments could
offer learners a new way to infuse learning into daily life with adaptive supports, and
engage and motivate learners with anytime and anywhere learning. Regarding to the
development, Hwang, Tsai, and Yang (2008) pointed out that the progress of wireless
communication and sensor technologies have evolved the research and development of e-
learning to mobile learning (m-learning), and now is evolving from m-learning to
ubiquitous learning (u-learning). In addition, ubiquitous learning is characterized by
providing intuitive ways for identifying right learning collaborators, right learning
contents and right learning services in the right place at the right time (Yang, 2006), and
ubiquitous learning environment could be distinguished into three kinds of learning
service, i.e. seamless service, context-aware service, and adaptive service with regarding
to its features and potentials for learning (Hwang, Tsai, & Yang, 2008). As such, it is
crucial for researchers and practitioners to find effective ways to design, develop, and
implement ubiquitous learning environments and technologies in a wide variety of
learning settings for todays’ learners.

With the development of ubiquitous learning technologies during the last two
decades, the views of educational reforms have been transformed and the research and
developments of mobile and ubiquitous learning has reached an unprecedented height in
developing countries such as Thailand. In a context of Thailand, mobile and ubiquitous
learning have been transformed the whole philosophical perspective of teaching and
learning in schools and provided us with the opportunity for close interaction between
teachers, learners, and contents with improved standard of digital learning materials
compared to what was existing only with the printed media. In the past decade, a number
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of studies have been conducted to investigate the impacts of mobile and ubiquitous
learning models on students’ learning performances at all level. To provide an
educational position of opportunities and challenges of mobile and ubiquitous learning in
Thailand, this paper first introduces the context of mobile technology use trend in
Thailand education and literature on mobile and ubiquitous learning in education and its
opportunities for renovating traditional learning approaches. Then, the rationale and
instructional design and development of technology-enhanced ubiquitous learning
approach and environment in context of Thailand would be presented to demonstrate how
the ubiquitous learning modules are constructed for promoting favorable school learning
environment to digital native students in different levels of education within three
exemplars. Finally, we discussed the benefits and drawbacks of the developed ubiquitous
learning approach and suggested some future design and development issues. Moreover,
an ongoing educational project focused on mobile and ubiquitous learning in middle
school science would be described to provide the challenge position of Thailand on
mobile and ubiquitous learning in schools.

2. Context and literature

2.1. Trends of mobile use for education in Thailand

In Thailand, a series of national ICT policy frameworks has been established as a central
component of Thailand’s economic development strategies for several decades. The goal
of these strategies has been to use ICT to create a society that is smart and information
literate, where knowledge benefits citizens and society as a whole, called “Smart
Thailand” (Ministry of ICT, 2009), and Education has been a key pillar in these efforts.
Information Technology (IT) implementation in various sectors has formally been
initiated since 1992, while the first national IT policy has been formally proposed in 2000,
with the goal to utilize IT to achieve economic prosperity and social equity
(Laohajaratsang, 2010). The development of IT literate workforce has been set as a main
objective in this national plan, and the “SchoolNet Thailand” was a prioritized project
that aim to empower all schools to access internet-based information resources. In the
next ten years, the second phase of national ICT policy has set the key objective to
exploit the benefits of Information and Communication Technology (ICT) to drive
Thailand in order to be knowledge-based society and economy (Makaramani, 2013). For
Thailand, the recent growth in the adoption and use of mobile devices, e.g. smartphone
and tablet PC, is relatively increased every year. In 2018, Thailand had 55.56 million
unique mobile users in use with a penetration of 80 percentages regarding the overall
population in this country (Funk, 2018). Moreover, Kemp (2018) mentioned that the
digital growth is quite significant in all areas except the mobile users as this rate already
has been incredibly high, with 98 percentages of the adult population that currently use
any type of mobile phones, all over the country. According to the statistics, it clearly
makes Thailand is a mobile first country. In term of education, the high level of mobile
penetration is expected to spark demand for mobile learning service driving the demand
for new infrastructure and the mobile internet system in future schools.

As mobile devices, such as smartphones and tablet PC, become more accessible
and affordable, Thailand has announced ambitious plans to roll out tablet computers for
schools. Clearly, it is important to examine how their features and functionalities might
be tailored for educational purposes. With the support of mobile devices in education,
ubiquitous learning represents something fundamentally different from earlier efforts to
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infuse information and communication technology into education. Thailand has made
significant investments in information and communication technology (ICT) education
over the past few decades, setting out plans to use ICT as a tool to enhance teaching and
learning for promoting the acquisition of digital competencies needed for success in the
21% century (Ministry of Education, 2015). Despite Thailand’s current status as a
developing country, the government’s policy is radically in favour of adopting mobile
device culture in schools. As schools begin to accept the growing mobile culture,
potential issues are being identified in the widespread adoption of mobile technology in
the classroom. The first educational reform effort focused on the use of mobile
technology in education began in 2011, when Thai government proposed an initiative
development programme called One Tablet Per Child (OTPC) for creating equality in
educational opportunities and improving quality of education for both urban and rural
children in compulsory or basic education level. The OTPC programme intended to
provide students at all levels with mobile device i.e. tablet PC for educational purposes
and set up a student-centred mobile learning approach and national e-learning system to
encourage lifelong learning for all (Ministry of Education, 2011; OECD/UNESCO, 2016).
A large number of OTPC android tablet PC, loaded with a number of learning objects, i.e.
e-books, videos and interactive content, in five subject areas including mathematics,
science, Thai language, social studies and English language, have been administered to
students for schools nationwide (Ministry of Education, 2011). Fig. 1 illustrates an
example of OTPC android tablet and its installed contents contributed to elementary
school in Thailand.

Fig. 1. An illustration of OTPC tablet with Thai elementary school students (Left) and
installed subject contents and free applications on OTPC tablet (Right)

According to the implementation of mobile technology in Thai education, there
are still considerable challenges in realising how to use the technology to improve
teaching and learning in schools. In the last five years, this project has been attracted by
researchers, educators, developers, and administrators around the country, and this is an
opportunity to renovate technological and pedagogical application platform for
improving educational quality of our nation and new challenges are derived from mobile
and ubiquitous learning experience of Thailand.

2.2. Concept and related works on mobile and ubiquitous learning

With the increasing popularity of digital technology development and wireless internet
technology, researchers, educators, and developers are offered more chances to design,
develop, and implement more challenge and complicated teaching tasks for promoting
knowledge and skills over and above subject content knowledge (Boyce et al., 2014).
From the perspective of schools during the last decade, the ubiquitous nature of mobile
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technology has been recognized by many researchers and educators (Looi et al., 2014).
The “anywhere and anytime learning” with the technological affordances of mobile
technology has a very broad-sense definition. For more clarify, Hwang, Tsai, and Yang
(2008) characterized the similarities and differences among ubiquitous learning, mobile
learning and context-aware ubiquitous learning as display in Fig. 2.
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Fig. 2. The relationships among ubiquitous Iearning, mobile learning, and context-aware
ubiquitous learning. Adapted from Hwang, Tsai, and Yang (2008)

According to Hwang, Tsai, and Yang (2008)’s conceptual idea, ubiquitous
learning usually defined as any learning environment that allows students to access
learning content in any location at any time, no matter whether wireless communications
or mobile devices are employed or not, and mobile learning is defined as the learning
environment which allows students to access learning content via mobile devices with
wireless communications. In addition, mobile learning makes sense only when the
technology in use is fully mobile with the support of internet network and when the users
of the technology are also mobile while they learn (El-Hussein & Cronje, 2010;
McQuiggan et al., 2015). While context, i.e. current time, the location of the user,
behaviour of the learner, temperature and humidity of the learning environment, is an
important aspect of mobile learning, an important affordance of the learning environment
is context awareness. As such, a special definition of ubiquitous learning that employs
mobile devices, wireless communications and sensor technologies in learning activities
has been emerging and it is called context-aware ubiquitous learning (Hwang, Tsai, &
Yang, 2008).

Since the anywhere and anytime learning has become one of the learning model
trends, many scholars have conducted related research on how to use special functions of
mobile devices for educational purposes in many possibilities. In the past decade, various
studies concerning mobile and ubiquitous learning have been conducted in both inside
and outside the school class, such as museums, classrooms or labs (Hall & Bannon, 2006).
For example, Chu, Hwang, and Tsai (2010) and Hwang, Shi, and Chu (2011) developed a
grid-based mind tool displayed on mobile device and employed as context-aware
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ubiquitous learning based on a knowledge engineering approach to guide elementary
school students to observe the features of plants in a natural science course. The results
showed that the context-aware ubiquitous learning approach not only promotes learning
motivation, but it also improves the learning achievements of individual students. In
context of mobile learning as abovementioned, Wu, Hwang, Tsai, Shen, and Huang
(2011) developed a repertory grid-oriented clinical mobile learning system for a nursing
training program, and the results show that the innovative approach is helpful to students
in improving their learning achievements and attitude and reducing cognitive load during
their learning. In addition, Tsai, Shen, Tsai, and Chen (2016) implemented a flexible
means of ubiquitous learning with a mobile application of web-mediated computational
thinking to help first-year university students for developing practical computing skills,
and the result showed that students who received the treatment of ubiquitous learning
could have significantly better computing skills than those without.

Mobile, ubiquitous, and context-aware ubiquitous learning seems to be a
pedagogic way to promote effective process of teaching and learning and enhance
students’ learning performance, both formal and informal contexts. Srisawasdi, Pondee,
and Bunterm (2018) mentioned that the learning with mobile technologies offers a
plethora of features and benefits that enable it to break the educational system wide open,
engaging students in new ways and the mobility of learning makes educational
experiences more meaningful. However, a challenge for the learning with mobile
technologies in specific subject related to the pedagogical adoption of mobile
technologies in school with regarding the affordances of mobile technologies (Kukulska-
Hulme & Shield, 2008). Therefore, the next section would be used to present pedagogical
opportunities to transform traditional class with the support of the learning with mobile
technologies in various techniques proposed upon previous studies’ evidences.

3. The opportunities for pedagogical transformation with mobile
technology

During the past decade, every area of education and training has been affected by the
advancement of mobile technology. Currently, mobile devices are everywhere, and
mobile learning has emerged as a potential educational environment to transform the
world of learning and also to obtain improvements in the learning field. Regarding the
possibilities offered by mobile technology, this poses new opportunities and new
challenges to the educational systems for transforming school learning experience. With
the importance of studying pedagogical research and development and transforming
existing instructional methods for this new opportunity, many instructional models were
grounded on the theoretical aspects of mobile and ubiquitous learning for the last decade.
However, it is relatively new to Thailand educational system on how to transform
traditional learning mode with the support of mobile technology, and design, develop,
and implement mobile and ubiquitous learning approach for promoting students’ learning
performance over and above subject content knowledge. Moreover, there is a chance to
design and consider which pedagogical approach would result in the more successful
promotion of mobile and ubiquitous learning in any subject areas among students. In
order to promote the learning with mobile technologies, Hwang, Chu, and Lai (2017)
pointed out that technologies should not just be used as a channel for providing learning
materials; instead, teachers should design learning activities regarding the features of the
technologies and the needs of the subjects to ensure that the use of the technologies has
greatest effects on students’ learning performances. In order to promote the
transformation of pedagogical applications for mobile and ubiquitous learning, Lai and
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Hwang (2015) reviewed effective teaching strategies with the support of mobile
technology from the previous studies and then proposed a series of mobile and ubiquitous
learning approaches for bridging the in-class and outdoor instruction in school. These ten
strategies are: guided learning, peer assessment, video sharing, synchronous sharing,
issue-based discussion, computers as mindtools, project-based learning, digital
storytelling, inquiry-based learning, and contextual mobile learning, as display in Fig. 3.
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Fig. 3. Ten teaching strategies of blended mobile and ubiquitous learning mode. Adapted
from Lai and Hwang (2015)

According to Lai and Hwang (2015)’s idea, the blended mobile learning model is
used to bridge the traditional, in-class, and outdoor instruction through a set of effective
and possible teaching strategies related to mobile and ubiquitous learning, where the two
mobile learning modes help learners to connect the content of their textbooks or what
they have learned in the traditional instruction to the digital resources and real-world
learning targets. As such, there are pedagogical possibilities to transform traditional or
conventional instruction into innovative and creative learning environment with the
technological affordances of mobile technology with regarding particular context of
school classes or courses. In particular, research and development on the possible uses
and potentialities of mobile technologies is continuously growing in developed countries
and some of developing countries, but in Thailand, research and development on mobile
and ubiquitous learning is still limited. The lack of these comprehensive research and
development could, however, bring some challenges to overcome the limited practice of
mobile and ubiquitous learning in Thailand, a developing country, but at the same time it
can bring some opportunities too. Therefore, researchers, developers, and practitioners
have pedagogical opportunities to select and implement those abovementioned teaching
strategies to find the effective way on the use of mobile and ubiquitous learning mode
that are valuable and instructive in different settings and contexts.
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4. Challenges in pedagogical and technological applications of mobile and
ubiquitous learning in Thailand

In order to transform learning practices with new technologies across contexts, designing
effective technological support along with appropriate pedagogy is more complex than
imagined, and there is no exact and easy solution to the development of learning
supporting systems and technological tools to mediate process and practices in mobile
and ubiquitous learning environments (Milrad et al., 2013). In contrast to developed
countries, the improvement of quality of education with new technologies and pedagogies
faces many challenges, most of which are not directly concerned with educational issues,
but which have a direct effect on the quality of the teaching and learning processes
(Valderrama Bahaméndez & Schmidt, 2011). The potential of mobile phones for
education in developing countries has already been recognized (Kam et al., 2009).
Particularly, a challenge in pedagogical and technological applications of new shape of
learning with mobile technology in developing country, i.e. Thailand, is that how to shift
the epistemological beliefs of individual teachers and learners from the transmission and
receiving of knowledge, skills, and attitudes to the facilitation and self- and co-
construction of those kinds of outcomes. Moreover, the very significance challenge of
mobile and ubiquitous learning in a developing country is pedagogical ability to make
learning mobile, away from the school or classroom environment as anywhere and
anytime learning. In addition, another challenge for mobile and ubiquitous learning is the
level of social acceptance on the use of mobile devices by policy makers, school
principals, educational supervisors, and parents, and also trouble accessing the internet,
or experience difficulty in affording technology that enables learning in mobile and
ubiquitous learning environment. However, the crucial challenge for educators,
researchers, and developers in developing countries is to find effective ways to design
and develop, implement, and evaluate innovative mobile and ubiquitous learning
technologies and approaches in a wide variety of learning settings, e.g. various groups of
students and instructors in high schools and at universities, and different disciplines in the
learning materials. Our earlier research has explored the possibilities of mobile and
ubiquitous learning in multiple context of education, where the design and impacts of
specific pedagogical and technological application have been investigated. All of the
works here presented have conducted studies in Thailand. In the following sections we
present the most outstanding research found in literature, about the use of mobile and
ubiquitous learning in unprivileged and/or developing regions settings.

4.1. An example of ubiquitous learning in higher education

The teaching and learning of computer programming is one area of computer education
curriculum. The students can subsequently apply the programming knowledge to other
works in their surroundings. Thus, redesigning learning experiences to go beyond the
classroom walls and the confines of the university day in order to encourage university
students’ achievement in programming is warranted. It is a challenge to seeking how the
computers and communication technologies can serve as a tool for facilitating learning
programming inside and outside classroom (Serrano-Camara et al., 2014). Moreover, it
remains a challenge to engage students’ sharing explanations with peers and to trigger
students’ constructing knowledge in large classroom; thus, it is crucial to afford students
learning activities for constructing tenable concepts (Lawson, 2000). Accordingly, the
development of computers and communication technologies integrated inquiry-based
learning has become an important and challenging topic (Raes, Schellens, de Wever, &
Vanderhoven, 2012).
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In recent years, the rapid advancement of mobile devices and wireless
communication technologies has built a ubiquitous learning environment, where students
can use computers in a public environment and use a mobile device accessing the
network with wireless communication technologies, at any time (Uemukai, Hara, &
Nishio, 2004). In this case study, an enhanced inquiry-based learning approach was
proposed to develop a ubiquitous learning support system for engaging university
students in meaningful learning activities and supporting them in constructing tenable
knowledge of computer programming. During participating in the ubiquitous learning
support system, a student was asked to coding computer program in the specified code
editor area to investigate the question/task as shown in Fig. 4. He/she could see additional
information related to the question/task during coding.
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Fig. 4. An illustration of a ubiquitous learning system for asking each student to code
PHP program regarding to PHP problem/task
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Fig. 5. An illustration of a ubiquitous learning system for asking each student to give
suggestions to peers by using annotation tool

When finishing coding, the student was asked to submit his/her answer into the
system for further discussion with peers. The student was asked to use annotation tool to
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inquire or give the recommendation into the answer/computer programming to peers as
shown in Fig. 5. Moreover, the students can use the chat room in order to communicate
and discuss about the strengths, weaknesses, and limitations of their own and peers’
programming. In this stage, the teachers joined the system to give a hint or guideline to
students. After finishing discussion, the system navigated the student to revise his/her
computer programming once again. That is, this stage allows each student to construct
his/her knowledge about computer programming, for example, understanding the
principle of writing PHP Function, using PHP built-in function and creating PHP user-
defined function in specific command.

To evaluate the effectiveness of the proposed ubiquitous learning system, an
experimental study was conducted with second-year-university students, in a public
university located in northern region of Thailand, on a topic of PHP function in a web-
programming course by comparing with traditional instruction: the teachers played the
main role in encouraging students to conduct peer explanations and construct their own
PHP function knowledge. Fig. 6 illustrates students’ learning interaction with the
proposed ubiquitous learning system in a manner of anywhere and anytime learning.
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Fig. 6. lllustrative examples of anywhere and anytime learning interaction with the
proposed ubiquitous learning system

From the experimental results, it was found that the proposed ubiquitous learning
system was useful to improve the students’ content understanding with the provided
inquiry-based learning and knowledge management activities; moreover, it was useful to
improve the students’ learning performance (Thongkoo, Panjaburee, & Daungcharone,
2017). Results that compared outcomes with those of a control class, showed that the
students, who participated in the proposed ubiquitous learning system had better learning
achievement than those who learn in traditional instruction. In addition, it was found that
female students, who learned with the developed system, improved learning
achievements on the topic better than those who learned with the traditional teaching
approach, and male students, who learned with the developed system, improved learning
achievements on the topic better than those who learned with the traditional teaching
approach. As the abovementioned results, Thongkoo, Panjaburee, and Daungcharone
(2017) found that the proposed ubiquitous learning system was more effective than the
traditional learning environment in improving university students’ programming learning
achievement, and the proposed ubiquitous learning system benefited both female and
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male students’ learning achievement and perceptions to the same extent implying that the
proposed ubiquitous learning system could reduce the gap between gender differences.

4.2. Examples of mobile learning in compulsory education (primary and
secondary school)

4.2.1. An example of mobile-assisted science learning in secondary school

To enhance science learning in secondary schools, scientific laboratory was recognized as
a promising instructional strategy for promoting middle and high school students’
understanding in science concepts, science process skills, and attitude towards science.
For instance, Tobin (1990) suggested that meaningful learning is possible in the
laboratory if the students are given opportunities to manipulate equipment and materials
in an environment suitable for them to construct their knowledge of phenomena and
related scientific concepts. For the past several decades, inquiry-based learning is
becoming a common teaching paradigm all over the world for science education at both
primary and secondary school, and teaching science by inquiry-based laboratory was
considered as a central part of pedagogy for teaching in school science programs
(Hofstein & Lunetta, 2003; Hofstein & Mamlok-Naaman, 2007; Srisawasdi, 2015).
Inquiry also refers to the activities of students in which they develop knowledge and
understanding of scientific ideas, as well as an understanding of how scientists study the
natural world (National Research Council, 1996). In term of school physics, inquiry-
based learning should provide students to gain a deeper understanding of fundamental
physics concepts and, at the same time, strengthen scientific skills through developing
and using models, planning and conducting investigations, analyzing and interpreting
data, using mathematical and computational thinking, and constructing explanations
(National Research Council, 2000). However, researchers largely mentioned that students
find the subject of physics to be obscure and difficult to learn because of its complex and
abstract relations, and this causes students to hold misconceptions (Srisawasdi &
Panjaburee, 2015). To enhance the learning of conceptual physics in secondary school
science, there are a number of inquiry-based laboratory learning in physics, such as the
Workshop Physics (Laws, Willis, & Sokoloff, 2015), Real-Time Physics (Sokoloff, Laws,
& Thornton, 2007), Interactive Lecture Demonstrations (Thornton & Sokoloff, 1998),
and Conceptual Labs (Bernhard, 2010), and their effectiveness has been reported for
many past decades in the community of science education.

Currently, inquiry-based laboratory learning with digital technology is generally
seen as a promising area in science education, and technology-enhanced inquiry
laboratory learning has increasingly become a pedagogical approach for enhancing
students’ conceptual learning and development in school science (Srisawasdi &
Kroothkeaw 2014; Srisawasdi & Sornkhatha 2014). The technology-enhanced inquiry
laboratory learning may involve web-based learning environments (e.g., online adaptive
learning environments, online interactive learning environments, intelligent tutoring
system, learning management system, and so forth), handheld- or microcomputer-based
laboratory, computer simulations or animations, computer or digital games, augmented
reality (AR), virtual reality (VR), and mobile or smartphone applications as inquiry tools
to facilitate students learning in science laboratory (Srisawasdi & Panjaburee, 2016).
With the rapid growth of mobile technology, the use of mobile devices has influenced
traditional practices in inquiry-based laboratory learning and it has become a new
research area because mobile technology offers new opportunities for student learning,
engagement and motivation into science laboratory. With the support of mobile devices,
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the flipped classroom model of teaching can, moreover, be an ideal venue for turning a
traditional science laboratory into an engaging or active inquiry-based learning
environment (Love et al., 2015). Both flipped learning, which usually involves students
watching videos before class, and inquiry-based learning, which focuses on allowing and
encouraging students to develop material on their own, emphasize active learning and
critical thinking through activities such as group work and presentations while
minimizing lectures, and the two teaching styles can complement each other and be
implemented concurrently (Capaldi, 2015). Regarding the potential benefits of using
mobile technology for inquiry-based laboratory learning and flipped learning, a mobile-
assisted flipped-inquiry learning approach is proposed for promoting anytime anywhere
inquiry-based learning with mobile device and wireless communication and enabling a
personalize science learning experience in this case study.

To promote high school students’ physics learning performance in liquid pressure
phenomena, the mobile-assisted flipped-inquiry learning approach has been created and
implemented with twelve-grade students in a public secondary school located in
northeastern region of Thailand. A series of video-based lesson has been created as pre-
class session to engage students into the in-class session of meaningful and authentic
learning in physics of liquid pressure phenomena, as showed in the left of Fig. 6. To
facilitate students’ inquiry-based laboratory learning with the support of mobile device
and wireless communication, an interactive PhET simulation, named Under Pressure,
created by University of Colorado, Boulder, has been employed and delivered the
simulated experiment via their own smartphone and tablet PC provided by teachers, as
illustrated in the right of Fig. 7.

A video-based lesson for pre- An interactive simulation of a
class session representing a physics laboratory of liquid
phenomenon of water pressure pressure represented relationship
related to dairy live situation between various physical factors
via mobile device and the pressure of liquids

Fig. 7. lllustrative examples of a video clip representing the phenomenon of liquid
pressure (left) and an interactive PhET simulation (right) displayed on mobile device

A three-stage learning process in a matrix of computer-based open inquiry
laboratory (Srisawasdi, 2012; Srisawasdi & Sornkhatha, 2014; Srisawasdi & Panjaburee,
2015) has been adapted to generate the interconnection between pre-class and in-class
learning process for the mobile-assisted flipped-inquiry learning approach. In the first
stage of this generated approach, teacher used video-based lesson to stimulate curiosity
and interest through an authentic scientific scenario with an open-ended inquiry question,
and then provide essential theory and basic or background knowledge to foster testable
hypotheses generation, as the pre-class session. For the in-class session, the second stage
begins with the practical assignment for students to design their own experiment and
perform the experiment with the simulation via their own smartphone or tablet PC, and
then analyze obtained data to verify the generated hypotheses. In the third stage, the
students were asked to articulate and communicate their investigation findings and then
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drawn conclusions to address the teacher-provided inquiry question. Fig. 8 illustrates the
inquiry-based learning process with interactive simulation occurred in the in-class session.

i R

Fig. 8. Examples of the in-class session with mobile-based inquiry laboratory learning:
students collaboratively worked to interact with interactive simulated laboratory in a
small group by using both their own smartphone and tablet PC provided by teacher (left);
individual group analyzed the experimental data and prepared their presentation (middle);
individual group presented their own findings to the whole class (right)

The results showed that conceptual learning performance on liquid pressure at
both observable and unobservable level of the phenomena was superior in the high school
students who participated with mobile-assisted flipped-inquiry learning approach as
compared to other learning settings (Chaipidech & Srisawasdi, 2017),

4.2.2. An example of mobile-assisted science learning in primary school

Digital game-based learning (DGBL), which is one of student-centered instructional
approaches, incorporates learning content or learning principle into the computer game
for engaging students to achieve the educational goals. In recent years, many studies have
developed and reported that DGBL was able to promote students’ learning interest and
motivations (Ebner & Helzinger, 2007; Hung, Lin, & Hwang, 2010). For example,
Hwang and Chang (2011) revealed that after participating the digital game-based learning
via mobile phone in the learning activity, the student improved in their learning interest
and attitudes.

In light of DGBL approach, a digital game-based learning has been developed by
incorporating the guided inquiry-based learning approach into gaming scenario for
encouraging and enhancing students’ learning performance in physical science concept of
forces and motion in primary school level. In this study, a 2D role-playing digital game
has been designed and developed to support an interactive inquiry learning with a series
of physical science concepts regarding the characteristics of force and motion, the force
composition, the direction of force, the same direction of forces calculation, and the
calculation of resultant force. Moreover, the game requires less supplied power, which is
well supported in mobile learning for the most elementary school in Thailand. With the
benefits of the scientific inquiry approach and the digital game, a proposed guided
inquiry-oriented digital game has been investigated its impact on primary school
students’ learning performance in science. The digital game embedded with the guided
type of scientific inquiry approach consists of five components: (i) open-ended inquiry
question; (ii) scientific background information; (iii) procedure/design; (iv) data and
result analysis; and (v) result communication and conclusion (Komalawardhana &
Panjaburee, 2018). Fig. 9 illustrates the guided inquiry-oriented digital game on a mobile
device.

To evaluate the effectiveness of the proposed guided inquiry-oriented digital
game, a total of 79-fourth and fifth graders of a public primary school in the central part
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of Thailand were recruited for an experimental study. In this study, the students were
assigned to individually participated with the developed game, and then shared the results
in the game with their friends in the science class time, as illustrates in Fig. 10.

A monitoring

5 A button for
force bar adding cffort
representing force
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amount of
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The knights An object with

who exert effort
force

Timing

Fig. 9. An example of the guided inquiry-oriented digital game about forces and motion
on tablet PC

frictional force

Fig. 10. Examples of science class session with the guided inquiry-oriented digital game
about forces and motion on tablet PC

To evaluate the proposed digital game material, the primary school students were
measured a degree of perceptions toward the game and their learning interest of science
with the game by questionnaires at the end of the science lesson. The result showed that
their perceptions toward the digital game were not influenced by the student’s gender and
learning style, and their genders and learning styles were not significant different with the
average of the learning interest levels regarding the science learning with the digital game.
In a conclusion, this study revealed that the development of digital game embedded with
scientific inquiry approach is suitable digital game design for deceasing gap of learning
style and gender differences among Thai primary school students (Komalawardhana &
Panjaburee, 2018).

4.3. An example of context-aware ubiquitous learning in primary school
education

Recent progress in wireless and sensor technologies has led to a new development of
learning environments, one of which is the context-aware ubiquitous learning
environment that is able to sense the learner’s situation (or a situation of the real-world
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environment), and provide learning supports based on radio-frequency identification
(RFID), wireless networks, embedded handheld devices, and database technologies
(Hwang, Tsai, & Yang, 2008). Context-aware ubiquitous learning is being increasingly
recognized as being an innovative and important approach in science learning
(Srisawasdi et al., 2016). In the domain of current science education, context-aware
ubiquitous learning plays a critical important role to provide opportunities to support
science learning both inside of and outside of classroom in a manner of anyone,
anywhere, and anytime learning with mobile devices, wireless communication, and
sensor technologies (Kongpet, Srisawasdi & Feungchan, 2015; Nasaro & Srisawasdi,
2014; Rogers et al., 2005). In the past decades, researchers have been widely conducting
research concerning mobile and context-aware ubiquitous learning and have reported the
effectiveness of context-aware ubiquitous learning approach in various learning contexts,
and the findings indicated that most students had demonstrated substantial improvements
and extended in their inquiry abilities (Hung, Lin, & Hwang, 2010; Hung et al., 2013;
Meuansechai, Feungchan, & Srisawasdi, 2015).

In context of Thailand, a context-aware ubiquitous learning in school science was
developed and then implemented in a public primary school located in northeastern
region of Thailand. In this study, context-aware ubiquitous learning system called the
“Answer Me” has been created as an instructional tool to facilitate students’ scientific
investigation by observing and identifying learning objects in the real world, as an in-
field or outside the classroom by using tablet PC obtained from Ministry of Education,
available wireless communication in the village, and the built-in camera of the tablet, as a
sensing technology. Fig. 11 displays a tablet screen example of the Answer Me android
application for primary school students.

15. Findou (1 “hemu” awausonAtnBuudeina e “dua luuam):"
Toulindammuiuida wsaum (2) iadasne” alasudeniduaitudua liduamo:audu

Photo shooting area
of the learning target

Open-ended
explanation area of
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Fig. 11. An example of the “Answer Me” android application’s student interface on tablet
PC

Regarding the predict-observe-explain sequence of inquiry learning activity,
teacher can monitor students’ responses following the assigned learning task on the
learning target. Fig. 12 presents the learning records of the participated students based on
the predict-observe-explain inquiry process.

This case study recruited fifth- and sixth-grade students in an urban public
primary school located in northeastern region of Thailand to participate the proposed
context-aware ubiquitous learning activity regarding predict-observe-explain inquiry
practice, with the support of a prompt-based ubiquitous learning system called Answer
Me. In this study, the predict-observe-explain sequence was implemented in a series for
probing and fostering students’ conceptual understanding on sound wave and for
increasing the students’ motivations to learn science by participating in the learning
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process. In these learning activities, the students could receive instant prompts to guide
them through a complete a series of predict-observe-explain learning tasks via observing
the real-world targets and answering a series of questions related to the characteristics of
the target. To complete the learning tasks, the students were divided into dyads, were
assigned to take photos of the targets using digital cameras, and were further assigned to
take notes in order to explain the photos highlighting the conceptual ideas in science.
During the field trip activities, students could discuss ideas with other classmates and
could collaboratively execute the prompting. If they failed to correctly identify and
explain the present learning target, the teacher could provide learning supports at the right
place and at the right time during the field trip in the village. Then, the teacher monitored
the progress of the in-field observations until they were finished with the real-world
targets. Then they received a prompt requesting them to return to the classroom. Fig. 13
displays examples of primary school students’ learning action in outdoor activity with the
use of context-aware ubiquitous learning approach.

List of students’ work
regarding the assigned
learning task

Evidence from
student’s learning
action following
the learning task

Fig. 13. An illustration of context-aware ubiquitous learning activities by using in-field
observation with the support of tablet PC

Results that compared outcomes with those of a control class, showed a positive
effect on the improvement of conceptual learning outcomes on sound wave phenomena
and also promoting better science motivation (Meuansechai, Feungchan, & Srisawasdi,
2015; Srisawasdi et al., 2016).
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5. A proposal to transforming traditional middle school science by mobile
and ubiquitous learning in Thailand

The vision of transforming traditional learning practices with mobile and ubiquitous
technologies has not yet been fully crystalized, especially with regard to enabling
anywhere and anytime learning and collaboration across contexts. Especially, researchers
have pointed out that mobile technologies should not only be used as a delivery channel
for providing content and learning materials, but instructors should also design
meaningful learning activities based on the functions and features of the mobile
technologies to meet the needs of the subjects and the requirement of students’ learning
performances (Hwang, Chu, & Lai, 2017). Moreover, the designing of learning process
and pedagogical practice with the aid of digitalized content and mobile and ubiquitous
technology system and environment is a complicated process (Srisawasdi & Panjaburee,
2016). To enhance technology-based learning in any particular domains and subject areas,
researchers, educators, teachers, and developers need to know how the learning with
particular technologies can enhance the representations of specific content knowledge by
making the content easier to learn and strategically promote particular learning processes
or pedagogical practices (Koehler, Mishra, & Cain, 2013; Mishra & Koehler, 2006). To
make mobile and ubiquitous learning effectively, the use of innovative or emerging
pedagogies such as inquiry-based learning, knowledge engineering approach, seamless
learning, collaborative learning, and self-regulated learning should be an important
research and development issues.

To improve the quality of education, governments and researchers in many
countries are making a great deal of effort to bring mobile and ubiquitous learning into
both compulsory and higher education. Examples comprise inquiry-based seamless
learning project in Taiwan (Hwang & Tsai, 2011), personal inquiry (PI) project in the
United Kingdom (Anastopoulou et al., 2012), geometry mobile (GEM) project in Sweden
(Sollervall et al., 2011), Sustainable Seamless Learning (SEAMLESS) project (Looi et al.,
2010) and My Chinese Language ubiquitOUs learning Days (MyCLOUD) project (Wong
et al., 2012) in Singapore, and learning by logging with System for Capturing and
Reminding of Learning Log (SCROLL) (Ogata et al., 2010) project in Japan. In the
context of Thailand, a large-scale educational project named Khon Kaen University
(KKU) Smart Learning Academy, shortly called KKU-SLA, has been launched in 2017,
and this is on-going project for the improvement of middle school students’ learning
achievements in English language, mathematics, and science regarding the Programme
for International Student Assessment (PISA). The KKU-SLA is a three-year project that
aimed to enhance middle school students aged between 13-15 to achieve better learning
outcome on their science, mathematics, and reading literacy and also promote their digital
literacy and 21t century skills. In addition, the KKU-SLA is trying to find alternative
ways to transform and support the teaching and learning of English language,
mathematics, and science using digital and hand-held technologies emphasizing mobile
devices and applications and ubiquitous learning system. Capital funding was provided
by the Thailand government, the Council on Higher Education and Khon Kaen
University, and matching funds were also provided by participated secondary schools.
The project brings together a group of researchers in many fields from Faculty of
Education, Faculty of Engineering, Faculty of Human and Social Sciences, and Faculty
of Science at Khon Kaen University working very close with teachers and schools. In the
first year of 2017, this project involved 45 secondary schools from four provinces located
in northeastern region of Thailand. In 2018, a total of 195 secondary schools from all 19
provinces located in northeastern region of Thailand participated in this project.
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In term of the development of science education, this project aimed to use
innovative teaching strategies for mobile and ubiquitous learning for providing middle
school students’ experience of the new ways of learning in science subject. According to
the value of mobile and ubiquitous learning has been shown in a number of research
studies as previous mentioned and several research and development project as
abovementioned, the science education team is working to transforming traditional
middle school science into more meaningful learning with the support of mobile and
ubiquitous technology. The learning activities were renovated as an extension of the
formal curriculum of middle school general science courses to seamlessly integrate the
learning experiences across various dimensions including formal and informal learning
contexts, individual and social learning, and physical and digital world. As such, there are
five features of transforming Thai traditional middle school science with the support of
mobile and ubiquitous technology in the project of KKU Smart Learning Academy as
follows.

1)  Arenovation of school science textbook

2)  Arenovation of school science laboratory

3)  Arrenovation of school science investigation

4)  Arenovation of school science homework and assignment

5)  Arenovation of in-service science teacher professional development programme

According to the renovation of Thai traditional middle school science in this
project, mobile and ubiquitous learning approach could be a valuable technology-oriented
pedagogical application for leveraging meaningful learning in science and enhancing the
learning of conceptual science, both now and in the future.

6. Conclusion

Due to the dynamic growth of mobile technology and the spread of the internet, there
have created numerous new opportunities for the education of the future and we can
expect major changes in education in the next decades. The advancements of mobile
technology and wireless communication have brought irreversible changes to how we
learn, work, live, and connect. To improve the quality of education in developing
countries such as Thailand, new tools must be used both in terms of pedagogical
methodology and technical devices, and there is a challenge call for research,
development, and implementation of mobile and ubiquitous learning in Thailand. We
believe that the notions and concrete examples presented in this paper represent a step
forward towards achieving the goal of educational reform and preparing schools and
students for a future.
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