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Foreword

This book is a set of interesting chapters, covering a wide range of topics because
emerging technologies lead to emerging pedagogies, and there are so many
emerging technologies these days. But all the articles reflect on the potential
changes in curriculum—how learners and teachers interact with each other for a
specific period of time.

I feel that to understand the implications of these articles better, it may be helpful
if I relate them to my past research experience. I started my research journey in the
mid-eighties. Now, I found that, when talking about the future, the future comes
from what we researchers did in the past and what we are doing now. In particular,
from my research as well as others’, I notice that our area has evolved three
orientations (Chan 2010).

The first orientation is called dream-oriented research, which explores the
potential implications of some emerging technologies. When I did my Ph.D. in the
USA, inspired by machine learning research at that time, my thesis was to simulate
a virtual learning companion that could ‘learn’ together with the human learner
under the supervision of a virtual teacher (Chan and Baskin 1988). Like intelligent
tutor, this was a ‘dream’ of artificial intelligence in education at that time because
the computing power and the overall digital environment were not mature enough
to realize such dreams at that time. But, as time goes by, technologies mature and
applications spread, dreams are being realized.

Some chapters in this book describe how the emerging technologies may
transform the current pedagogies. These technologies include machine intelligence,
holograph, virtual reality, mobile device, mechatronics, and others. These trans-
formations happen not only in classroom settings, but also in online learning and
outdoor environments; not only for self-directed or collaborative learning, but also
for learning with different styles; not only for children, but also for university
students and adults. Taking into consideration of the adoption of Internet of things
(context-awareness) and ubiquitous learning analytics, we can foresee the formation
of an intelligent seamless learning environment, depicting a picture of future
scenarios of life-wide and lifelong learning.
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The second orientation is adoption-oriented research, which intends to exert
impact of our research work by spreading it out in the real world and searching for
best practices. When I became a faculty member in a university in Taiwan after
receiving my Ph.D. degree in 1989, my first project was to develop a networked
learning system (Chan et al. 1992). Very few people knew the implication of
network technology to education at that time. The system that was designed was
probably the first dedicated system developed for network learning in the world,
enabling students to interact in real time to support collaborative learning and
competitive learning games. Thus, it was a dream-oriented research. Continuing
this network learning research, in 2000, we built a large network learning
community, called EduCity. One of the sub-systems in EduCity is called
School-For-All. Everyone who wanted to teach could start an online course in
School-For-All. With hundreds of courses offered by people from all walks of life,
School-For-All was an early form of MOOCs. Nevertheless, I regard EduCity as an
example of adoption-oriented research because the prevalent influence of the
Internet had begun in the early 2000s.

Possibly taking hold of the global classroom, the impact of MOOCs is huge,
driving the change of education at all age levels. A number of chapters in this book
talk about MOOCs, indicating there are still many rooms for improvement in order
to search for the best practice and advance forward. In particular, being able to
collect large learner data, MOOCs will try to support adaptive learning through
learning analytics. Also, as reflected in some chapters, strategies developed in
flipped classroom, small-scale online learning, and blended learning are in line with
adoption-oriented research, a rich research area in the forthcoming years.

Another avenue of adoption-oriented research is to rethink the architecture of
how to design and develop curriculum by adopting emerging technologies. The
chapter on learning cells shows that neural network, visualization tools, semantic
knowledge graph, cognitive map, as well as technologies for news generation,
image generation, and video generation will provide enormous potentials.

The third orientation is humanity-oriented research, which intends to develop
learners’ interest in learning, maximize every learner’s capacity, and cultivate
wellbeing of the globe as learners’ value. We had a story in this orientation of
research. In 2009, our team conducted a one-year-long experiment supported by
one-to-one technology in a school. The students performed so well that we could
not find satisfactory explanation. At least, we noticed that there was a big difference
between our approach (interest-driven) and the school teachers’ approach
(examination-driven). This phenomenon is not limited to Taiwan: across Asia,
education is considerably examination-driven. To change Asian education, I
worked with a group of Asian researchers for ten years to develop a learning design
theory, called interest-driven creator theory (Chan et al. 2018). The theory
hypothesizes that, with the support of technology, learning activities can be
designed as interest-driven creation processes of ideas or artifacts. Forming habits
by repeating these processes as daily routines, learners will excel in learning per-
formance, develop twenty-first-century skills, and enjoy their learning. Ultimately,
they will become lifelong interest-driven creators.
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Now, for this book, there are a few chapters addressing the development of
twenty-first-century skills, such as communication, collaboration, critical thinking,
creativity, and so forth. It is true that acquiring knowledge was the primary aim to
go to school in the old days. But this is not sufficient. Today, learning should go
beyond knowledge acquisition, and learners need to develop twenty-first-century
skills while acquiring knowledge, or vice versa. For this to happen, new peda-
gogies, with the support of technology, are needed. Taking one step further, learners
need to develop their personal interest (similar to hobby) of what they intend to
learn, whether it is language arts, mathematics, science, and other subjects or topics.

To summarize, we used to be concerned about what learners learn, we now are
also concerned how they learn and why they learn; we used to ask do they learn, we
now also ask can they learn and will they learn. However, for me, the first concern
is why they learn, and the first question to ask is will they learn.

Along this line, there is a chapter discussing heutagogy, a form of self-determined
learning. Instead of doing what teachers assign, learners are encouraged to explore
areas of their interest and choose what they want to study or find their own problems
to solve. Teachers’ job is to provide a safe and supportive environment for their
exploration and create opportunities for them.

To retrospect, in the mid-eighties, I did my dream-oriented research for my Ph.D.
work. I used a special computer for developing artificial intelligence programs that
cost 50,000 USD. Now, almost every learner has one or more computing devices. In
the nineties, I participated and witnessed the emergence of adoption-oriented
research, which is now flourishing. Currently, humanity-oriented research is still in its
infancy. Bringing the potential of enormous impact to human future life and bearing
the name of an emerging technology, artificial intelligence is coming back strongly to
our territory of research (there will be many researches on robotic learning com-
panions together with their virtual online surrogates, for example). In future, we shall
see how the three orientations of research co-evolve and change education, rapidly
and effectively. I hope that, with a view of these three orientations in mind, our
readers will find the chapters in this book even more stimulating and fruitful!

Tak-Wai Chan
Chair Professor

Research Institute of Network Learning Technology
National Central University

Taoyuan, Taiwan
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Chapter 1
Next-Generation Digital Curricula
for Future Teaching and Learning

David Parsons, Kathryn MacCallum, Lynley Schofield, Anna Johnstone
and Sarah-Kay Coulter

Abstract Changes to contemporary curricula are increasingly driven by the evolu-
tion of technology. The spread of personal digital devices and pervasive communi-
cation infrastructure has led to significant changes in global society. These changes
have highlighted the need for schools to ensure that all students are prepared for the
contemporary digital world. The need to provide digital skills for all students means
that digital technology can no longer be taught only as a specialist subject area but
rather needs to be embedded in all subjects across the curriculum. This recogni-
tion of the importance of digital skills for all has meant that many countries have
developed new curriculum areas focused on developing these skills. However, for
many educators, there is still a disconnect between the technical skills that curricula
often prescribe and the practical strategies needed to integrate these skills into their
broader classroom activities. This chapter explores how a number of countries have
approached the integration of digital skills into the curriculum and the commonal-
ities between these diverse approaches. A number of examples are given of how
certain technologies have provided opportunities for embedding digital skills across
the curriculum. From these examples, we identify some complementary dimensions
that can help us to design future curricula for the digital age.

Keywords Digital technologies · Curriculum · STEM · Authenticity ·
Mechatronics

The question of how to best integrate technology into teaching and learning has long
been a concern of educators worldwide and, as technological change has intensified
and digital tools have penetrated every part of society, this question has become ever
more pressing. Digital curricula that consider computing a discrete subject are well-
established. For example, the ACM has published computing curricula since 1968,
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with a subsequent increase in regularity and scope (Goldweber et al. 1997). How-
ever, the use of digital technologies in society is not discrete but is embedded in all
aspects of work and life. It cannot be isolated from education and, more importantly,
cannot be taught only to the select few. Rather, curricula that address digital skills
and competencies increasingly need to be provided for every student, across the cur-
riculum; an approach that has sometimes been called the ‘entitlement curriculum’
(Unwin and Yandell 2016). Thus, worldwide, there is a growing sense that use of
digital technologies is a foundational competency like mathematical and language
skills and therefore has the same pervasive role across the curriculum.

This chapter describes how the role of digital technologies in curricula is chang-
ing worldwide and explores how this change has impacted teaching and learn-
ing in schools by providing a series of illustrative examples that represent the
cross-curricular integration of various digital technologies. From these examples,
we extract some important dimensions that we believe can help to inform the
development and implementation of digital technology use within the curriculum.

1.1 International Curricula and Digital Technologies

School curricula are an essential part of national or regional education systems,
and many nations are reflecting on and developing their curricula in the context
of addressing the increasing importance of digital technologies in society. In this
section, using some indicative examples, we briefly outline how curricula in various
nations have been responding to rapid global technological changes.

1.1.1 Australasia

Australia and New Zealand have both recently added specific content to their
national curricula around digital technologies. From 2017, all Australian schools
were required to implement the Australian Curriculum Digital Technologies, where
all students to 12 years of age are taught Design and Technologies and Digital Tech-
nologies. Similarly, from the beginning of 2020, all New Zealand schools will imple-
ment changes for all students, with two new technological areas introduced to the
existing curriculum—(1) Computational thinking for digital technologies, and (2)
Designing and developing digital outcomes. These changes are based on the aim to
grow ‘digitally capable individuals’ and learners being ‘innovative creators of dig-
ital solutions’, not just ‘users and consumers of digital technologies’ (Ministry of
Education, n.d.). The curricula for both countries highlights a focus on providing
opportunities for learners to use digital technologies with critical and creative think-
ing to solve authentic real-world problems. They also both acknowledge the need for
a dynamic and responsive approach to technologies and developments over time.
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1.1.2 China

Among the many goals of the eighth wave of reform in the Chinese curriculum in
2011 was to ‘strengthen the relevance of curricula to students’ lives, society, and
the development of science and technology’ (Yin 2013, p. 332). The overall strategy
became more flexible and devolved, with a curriculum model across the three levels
of nation, region and school (OECD 2016). In China, use of digital technologies has
progressed at a very rapid rate, even more so than in other parts of the world (Chu
2008). As a result of this rapid growth in technology use, many of China’s teenagers
may now be digital natives, but they are not necessarily digitally competent. The
need for ICT in the curriculum was acknowledged by several Chinese Ministry of
Education publications in the early 2000s, but further curriculum development is
required in the area of digital culture (Li and Ranieri 2010). A national development
plan for ICT in education up to 2020 was issued in 2012 (Wu 2014) and the current
five-year plan for education aims for in-depth integration between ICT and education
(NCEDR 2017).

1.1.3 England

The English National Curriculum for primary schools was revised in 2014. This
new curriculum replaced the previous curriculum, launched in 2000, removing the
previous ICT subject area and replacing it with a stronger focus on computing (UK
Department for Education (DFE) 2013). With this new emphasis, the curriculum
now focuses on the principles and concepts of computer science, alongside digital
literacy and IT (The Royal Society 2017). This has meant that computing is now to
be taught in schools from the ages of 5 to 16, with the focus on more application
and development of tools, compared to focusing on just using them. The curriculum
was developed for the recognised need for computational thinking and creativity to
support learners in an increasingly changing world.

1.1.4 Kenya

The Digital Learning Programme introduced in 2016 included digital devices being
delivered to every primary school by the end of that year. All tablets were delivered
with preloaded learning material for Maths, English, Science and Kiswahili, with
ICT integrated into the existing education curriculum as a teaching and learning
tool. To support this initiative ICT skills were introduced in all schools and pro-
fessional development opportunities provided for primary teachers. The programme
was accompanied by a strengthening of the country’s internet and electricity infras-
tructures (Ministry of Information Communication & Technology, n.d.). The 2017



6 D. Parsons et al.

Jubilee Manifesto committed to transforming education and made ICT skills and
digital literacy a priority in both primary and secondary education. The Kenyan
government’s current ‘Vision 2030’ is aimed at making Kenya a knowledge-based
economy and stresses the need to prepare learners for the twenty-first century skills
needed to compete globally, which includes an emphasis on the use of digital devices
and digital literacy across all schools (The National Treasury, n.d.).

1.1.5 United States

There is no national curriculum in theUnited States, so each state decides its own. The
U.S. Department of Education first released a National Education Technology Plan
in 1996. This was updated every five years. In 2016 it was retitled as: Future Ready
Learning: Reimagining the Role of Technology in Education (Office of Educational
Technology, n.d.). In 2017, under the growing recognition that technology is changing
too quickly to leave it for a five-year period, it was decided that there would be annual
updates. This document outlines the vision for the use of technology in education
across the U.S. and envisages equitable, ubiquitous, collaborative use of technology,
moving away from passive towards active use. Twenty-first-century competencies
and both cognitive and non-cognitive competencies are emphasised. Equitable access
and the digital use divide are highlighted as challenges that need to be overcome.
One of the key recommendations in the document is to increase the digital literacy
of pre-service and in-service educators.

1.2 The Scope of Digital Technologies Curricula

As seen above, many countries have seen the growing need to redevelop and reshape
how ICT and related technologies are taught in the curriculum in response to rapid
technological change, particularly in Chinawhere the spread of technology in society
has been exceptionally fast. Developing countries also face problems of catching up
with the infrastructures and digital tools of the developed world, as the Kenyan expe-
rience makes clear. Although contexts and approaches vary, each has recognised the
need for digital technologies to be embedded as a fundamental part of the curriculum.

A common theme in many new curriculum developments has been a focus on
teaching digital technologies outside of the traditional ICT or computing subject
areas, and to embed them across the curriculum. The Kenyan, New Zealand and
English curricula, for example, have focused on including digital skills earlier in the
schooling curriculum and ensuring that all students develop a good level of digital
fluency. The focus is now on how the teaching of digital technologies can move
beyond just teaching students about technologies to integrating technology across
subject boundaries to enhance learning.
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Within the English, Australasian and U.S. curricula there is a strong focus on
designing creative solutions supported by the selection and use of appropriate digital
tools. The role of creativity in this context is not only for design inputs focused on
developing technical solutions but could equally be applied towider aspects of digital
technologies used for creative purposes.

In addition, in many of the new curriculum policies (such as in England and the
U.S.) there has been a stronger focus on what we might call ‘hard’ technologies
(e.g. electronics, coding, robotics, etc.). However, the ability for these technologies
to be used in a cross-curricular manner is less straightforward than the use of end-
user software tools and applications that might be called ‘soft’ technologies. The
challenge is how we can use these hard technologies across the full spectrum of
learning.

Curriculum policy in Kenya and U.S. explicitly recognises the need to upskill
teachers to deliver these digital curricula. The significant shift in how computing is
seen and taught throughout the curriculum and at earlier stages of students’ schooling
career has meant that teachers need support to both develop their own digital skills
and also to understandways inwhich these technologies can be embedded in different
subjects.

It is clear from these brief summaries that countries across the world are seeking
to integrate digital technologies into the broader curriculum. However, the intent to
do this needs to be matched by realistic ways of making it happen in the classroom.
One way of approaching this is to look at some illustrative examples, as outlined in
the next section.

1.3 Cross-Curricular Examples

In this section, we provide a series of illustrative examples exploring how digital
technologies have been integrated across the curriculum in different ways. The most
direct application for these in a cross curricular manner has been in STEM (Science,
Technology,Engineering andMathematics) education.However, the increasing focus
on STEAM (Science, Technology, Engineering, Art andMathematics) education, an
approach that crosses the art/science boundary and focuses on problem-solving,
has meant that a wider range of skills can be drawn on from across a range of
subjects (Quigley and Herro 2016). The challenge for educators is to successfully
integrate technology into subjects that go beyond even STEAM into the broader
curriculum. The examples included here move from soft to hard technologies; digital
storytelling, coding,makerspaces, electronics and robotics. In each example, we seek
togeneralise the keymessages about how to effectively use digital technologies across
the curriculum.
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1.3.1 Digital Storytelling

One of humankind’s oldest activities is storytelling and in recent years the traditional
art has evolved with the advancement of digital technologies. Digital Storytelling has
seen rapid adoption by educators and is a powerful opportunity for authentic student
learning (Lowenthal 2009; Robin 2016). Voice, still images, video, text and the use
of internet technologies can be used when developing a digital story, and there are
extensive developmentally appropriate tools available for creation. Typically, digital
stories are narratives and imagery shared through technology. In the past, the reading,
writing and sharing of printed stories were seen as critical to literacy development.
Digital stories can move beyond static, one dimensional, singular viewpoints toward
engaging, personalised learning opportunities which are relevant for the students of
today (Ohler 2013). There are widely documented benefits to digital storytelling—
learners can consider the narratives by which they live and produce artefacts that
are relevant and meaningful to them and their community (Barrett 2016; Motteram
2013).

Otto (2018) provides a pioneering example that explores digital storytelling in a
collaborative, interdisciplinary way that promotes virtual mobility and intercultural
understanding. The students within this example came from two distance learning
universities in Germany and Tunisia. Digital storytelling was used as a means to
collaborate across cultures and understand the problem of climate change from their
perspectives. The three-month course was designed in a way to facilitate collabo-
rative practice, whereby learners initially met face-to-face in a workshop, then the
rest of the learning was facilitated in an online environment. The intended learning
outcome was for the students to create a digital story which wove together their per-
sonal narratives to explain lived experiences of climate change. The study found that
by working across cultures on digital stories the students developed a range of skills
and competences. For example, technological competencewas developed throughout
the learning task (using digital tools to compose a story) and students were provided
with an opportunity to demonstrate problem-solving and research capabilities. Sim-
ilarly, it was found that as learners came together to share their unique perspectives,
interdisciplinary competencies were developed. Digital storytelling is an authentic,
relevant and meaningful learning experience that effectively integrates multiple soft
digital technologies into cross-curricular learning.

1.3.2 Coding

Coding uses end-user software tools but can also be used to program ‘hard’ digital
technologies such as electronics and robotics, so provides a bridge from one to the
other. Learning to code has been widely recognised as a way to support problem-
solving and computational thinking. Since computerswere first introduced in schools
in the 1970s there has been a push to teach coding. In the 1970s and 80s the Logo
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programming language was taught to millions of students, but the rise of personal
computers and software packages changed the emphasis of curricula to using pro-
grams rather than creating them (Resnick et al. 2007). However, interest in coding
in schools has been revived in recent years by block-based visual languages such
as MIT’s Scratch, a commonly used application that makes coding accessible to a
wider range of learners and teachers. Scratch was initially designed for users from 8
to 16 years, although it is used more widely than that demographic and is currently
available in more than 40 languages in over 150 countries. Scratch enables learners
to create, design and invent new ways of applying their learning through the use of
technology. Users are easily able to share this learning with others through public
repositories.

Considerable research has focused on how to best support teachers working with
coding applications like Scratch to gain the knowledge and confidence to use tech-
nology to support the learning with a constructionist approach (Brennan 2015). Gen-
erally coding and programmes like Scratch have been shown to improve mathe-
matical thinking and problem-solving, but literacy can also be supported through
coding (Hutchison et al. 2016). Bell and Bell (2018) provide several vignettes that
explore the integration of music education and computational thinking. They posit
that whilst on the surface these subjects seem dissimilar they do in fact have many
similarities—creativity, teamwork, communication and working with notation. Both
involve constructing something intended for an audience within genuine contexts.
They argue that this cross-curricular approach allows collaboration between teach-
ers from different disciplines with different passions and expertise. In general, the
accessibility of visual, block-based programming tools such as Scratch has revived
interest in using coding to teach across the curriculum.

1.3.3 Makerspaces

Makerspaces are collaborative workspaces that provide practical hands-on opportu-
nities usually within a STEM/STEAM environment to work with new technologies
and innovative processes to design and build projects. Such specifically designed
areas are becoming increasingly commonwithin schools (Gilbert 2017).While mak-
erspaces provide a rich opportunity for students to be immersed in STEM project
areas, there is also much potential for broader types of learning to be integrated into
these creative and future-focused spaces.

Developing the storytelling idea, Bull et al. (2017) assert that joining storytelling
and making together offers a natural opportunity to integrate technologies with mul-
tiliteracies and humanities subject areas within the makerspace context—a learning
activity they term storymaking. While their study is small in scale, it does serve as
a useful pilot for how school makerspaces can be used as settings to enable learners
to integrate digital technologies in a cross-curricular manner; in this case, linking
literacy with computer science and engineering. Primary age students used Scratch
(introduced in the coding section above), to create animatronic dioramas. Dioramas
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have been a traditional strategy in school literacy programmes to enable learners
to act out storytelling and play through the use of human manipulated figures or
puppets. The construction of animatronic diorama incorporating the use of coding
gives us insights into ways that digital technologies can be used as enablers for cross-
curricular learning. The linking together of hardware and software in makerspaces
to construct artefacts provides a useful model for using digital technologies across
the curriculum, and may integrate electronics and robotics, outlined in the following
sections.

1.3.4 Electronics

A number of different types of electronic devices have been employed to teach
multiple subject areas. They range from simple microprocessor circuit boards like
Makey Makey, through more complex boards like the Arduino and the micro:bit, to
simple computers such as the Raspberry Pi. The relevance for real-world learning
in the use of these devices comes from the prevalence of electronics in the world
around us, and the increasing ubiquity of the Internet of Things. By learning about
electronics, students are gaining an insight into the world around them.

Using electronics in a cross-curricular way generally requires them to be linked
to other devices. This frequently means connecting them to a separate computer or
perhaps connecting to additional peripherals like adding sensors that are not part of
the original board or allowing a number of these devices to communicate wirelessly
with each other. Further, cross-curricular electronics often means embedding an
electronic device into another artifact such as a 3D printed object or a fabric garment.

A very relevant case for considering the role of cross-curricular electronics is the
micro:bit, which was distributed to around 800,000 UK school children in 2016.
A specific curriculum was not provided, so ways of using it were developed by a
range of educators. In terms of cross-curricular use, electronics learning activities in
subjects beyondSTEMinclude embeddingmicro:bits into textiles to createwearables
and using the accelerometer in P.E. to measure acceleration in running (Sentance
et al. 2017). One social science activity from the UK included exploring the future
of cities by integrating micro:bits into a simulation of driverless car management
(Lavicza et al. 2018). On a broader scale, the micro:bit Global Challenge 2018 asked
children aged 8–12 to address one of the 17 SustainableDevelopment Goals using the
micro:bit. (Gabriel et al. 2018). The winners leveraged various sensors in electronics
to build systems that supported personal wellbeing and environmental protection.

The most important aspect of integrating electronics into different areas of the
curriculum is the ability to create an intelligent artifact that can enhance under-
standing of that field. Building an electronic instrument from multiple materials in
music, creating interactive installations in art or building custom sensors for biolog-
ical field study all enable students to develop skills and competencies that could not
be developed similarly using alternative learning materials.
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Electronics is certainly a hard technology in the definition we are using in this
chapter and, as with other hard technologies, we have to consider whether their use
in the curriculum is appropriate across multiple subjects. Looking at the examples
we have highlighted we can see that the unique affordance of electronics is that
they allow technology to connect out into the real world, enabling students to create
artefacts that physically interact with learning contexts.

1.3.5 Robotics

Like electronic devices, the use of educational robots within the classroom has dra-
matically increased. This popularity has largely been driven by the affordance of
robots to be constructed and developed by students themselves (Alimisis 2013).
Robotics falls under the area of ‘mechatronics’, which combines mechanics and
electronics as a way to enable students to construct their own products (robots) that
enable hands-on learning. This hands-on interaction and building of artefacts draws
together the principles of constructivism and constructionism so learners develop
their own learning through construction (Socratous and Ioannou 2018).

According to Eguchi (2010), the use of robots in education has primarily been
applied in three ways;

• Theme-Based Curriculum Approach: robots are used to facilitate the exploration
of special topics typically focusing on a specific subject, such as mathematics or
engineering. The learning activity is focused on students learning through inquiry
and communication captured in the application and design of robots.

• Project-Based Approach: learning is focused on groups of students working
together on authentic learning experiences explored through the development
and experimentation of the robots. These projects are more likely focused on
the integration and application of a range of subjects with cross-curriculum
application.

• Goal-Oriented Approach: the applications of robots are typically used as extracur-
ricular tournaments or competitions, where children compete in challenges held
between schools, these include tournaments like RoboCup and other tournaments
such as the FIRST Lego League.

In general, robotics has been typically integrated within the teaching of traditional
STEM subjects. Most examples of robots in education have focused on the applica-
tion of these robots for problem-solving, construction, programming and debugging
designs (Alimisis 2013) within the teaching of science, engineering, technology,
mathematics, and computer programming (e.g. Menegatti and Moro 2010; Goldman
et al. 2004; Veselovská and Mayerová 2015). The application of robots to facilitate
the teaching of these subjects has shown that it fosters high student motivation and
develops learning skills such as problem-solving, collaboration, scientific inquiry
and critical thinking (Socratous and Ioannou 2018).
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Like electronics, robotics can be considered a hard technology from a learning
perspective.However, its applicationwithin the broader context of STEAMeducation
or integrated across the curriculum offers significant promise. Typically, the major
link within STEAM has been largely focused on the application of creative problem-
solving (Kim and Kim 2018). There is also a growing focus on how robotics can be
used more widely, such as for the development of artwork (Kim and Kim 2018) or
through artistic expression and brainstorming (Yoon and Baek 2018).

1.4 Analysis

From our initial discussion, and from the examples that we have presented, we
believe that there are a number of complementary dimensions that can be considered
in terms of how digital aspects can or should be integrated across the curriculum.
The first is digital technology integration into the curriculum, the understanding
that curricula need to consider the technology both as a discrete subject and as an
integrated skill set. We see a range of applications here from technology as a subject
area, through technology supporting STEMsubjects, technology supporting STEAM
subjects and technology integrated across thewhole curriculum. From our discussion
of international curricula, we have seen how this is a common focus.

Closely linkedwith integration is embedding digital technology in the curriculum.
This relates to howbroadly digital activities are integratedwithin and between subject
areas. We have outlined a dimension that goes from technology used for a stand-
alone activity within a subject, through technology used across activities in a single
subject, and on to problem-based learning as a way of integrating technology-based
activities across multiple subject areas. Incorporating technology successfully across
the curriculum has been rare (Brush and Saye 2017). Project-Based and Problem-
Based Learning (PBL) are seen as ways to authentically integrate digital technology
more widely and naturally across the curriculum with the technology supporting the
learning (Brennan 2015). Developed from the broader framework of constructivism,
PBL provides authentic learning experiences where learners are able to build their
own understandings in meaningful contexts. While it is recognised that problem- or
project-based learning can be done meaningfully without the use of technology, PBL
approaches provide genuine platforms to integrate technology authentically within
the curriculum (Brush and Saye 2017). Many of the examples of practice described
in the previous sections have links to PBL, and it may be that PBL provides an
overarching concept that can be used to help embed a range of digital technologies
across the curriculum.

The next dimension in our analysis is the placing of digital technology in the
curriculum. This relates to whether technology use is driven by leveraging digital
tools for new purposes, a ‘technology-out’ approach, or from a perspective of inte-
grating digital tools into pre-existing curricular frames, a ‘subject-in’ approach. The
‘technology-out’ approach is based on ideas that technologies have intrinsic charac-
teristics that render them relevant to disparate fields of study (Goldweber et al. 1997
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p. 8). While these natural links may be asserted, it is often harder to make convinc-
ing cases for how, for example, coding, electronics and robotics provide support for
learning areas beyond the purely technical. Similarly, the ‘subject-in’ approach may
enable students to use a range of software tools that already exist to create other
artefacts that relate to their learning across subjects, but may not allow full use of
the potential of digital technology, because the curricular frame is substitutional—
digital tools being used to do the same things as before in a slightly different, but
non-transformational, way. In either approach, it is important to acknowledge that
learners today should be able to utilise digital tools as designers and builders, not
just as end-users. In our dimension we have suggested that an ‘integration space’
(such as a makerspace or a problem-based project) may help to address the potential
drawbacks of both of these approaches.

The next dimension is the nature of digital technologies in the curriculum. As we
have discussed, not all technologies are alike, and hard technologies (e.g. mecha-
tronics) are qualitatively different from soft technologies (such as web-based appli-
cations). Integrating them in authentic ways across the curriculum is a greater chal-
lenge than the use of end-user software applications. A danger with hard tech-
nologies is that they may lend themselves to a technocentric approach, where the
learning is focused only on how to use the tool. Papert argued against techno-
centrism in the mid-1980s and warned that conversations should not start and end
with the technology or tools but on the learning itself (Brennan 2015; Emihovich
1990). It is important that the technology is pedagogically grounded and engages the
learner in meaningful learning experiences instead of the technology being the focus
(Bhattacharyya and Bhattacharya 2009). Teachers are more likely to effectively
integrate technology when the focus is teaching with technology and using new
approaches to traditional teaching practices rather than focusing on technology skills
(Kopcha 2010). Coding may be seen as a bridge between hard and soft technolo-
gies, in that coding tools are applications, but are needed to make hard technologies
perform useful tasks.

The final dimension is that of authenticity. Kafai andBurke (2014) explain authen-
ticity as comprising of four parts. The first being how the learning in the classroom
relates to how professionals use it in the real world. These authentic learning experi-
ences shouldmimic how professionals would themselves be using the tools. So rather
than sitting in a classroom learning abstract disciplines, they should be putting into
practice real applications. The second is personal authenticity and how it relates to the
learners’ own lives and what they are interested in, and what is meaningful to them.
The third is the need for authentic audiences, which reinforces the need for relevance,
and experiences that are meaningful to each other, not just the teacher, and the fourth
is designing for real-world audiences which enables genuine feedback and grounds
the learning in real-world contexts. However, education is not only about preparing
students for a current work context, but it is also about preparing them for the world
to come. Authenticity here is harder to achieve but acknowledges that things that are
unusual or challenging nowmaywell be the norm in the near future. Our authenticity
dimension, therefore, includes the future work context. Figure 1.1 summarises these
dimensions of integrating digital technologies across the curriculum.
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Fig. 1.1 Dimensions of integrating digital technologies across the curriculum

1.5 Summary and Future Work

In this chapter, we have highlighted the current trends towards school curricula
including digital technologies, not just as a discrete subject area but as a cross-
curricular skill set that is seen as essential for all students. To explore how digital
technologies can effectively be used across the curriculum, we have provided some
examples from various contexts that illustrate good practice and may help to inform
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educators who wish to contribute to or implement, curricula in the digital technolo-
gies area. We have provided an analysis that summarises some key dimensions that
we believe are important considerations when using digital technologies across the
curriculum.We believe that these dimensions can be useful in both developing future
curricula and providing teaching and learning experiences within existing curricula.
This chapter provides an initial proposal for ways that we can usefully categorise
aspects of learning in digital curricula, considering how technology is integrated into
the curriculum, how it is embedded into other subject areas, how technology is placed
in the curriculum, the nature of technologies that may be used, and the authenticity
of learning with those technologies. Further work is needed to apply these concepts
to real-world contexts and promote best practice in developing digital skills in all
students.

Glossary of Terms

Curricula/curriculum a set of learning goals as seen from the educator’s perspec-
tive.

Cross-Curricular involving curricula in more than one educational subject.
Constructivism a learning approach where learners actively construct their own

representations of the world, linking new information to prior knowledge, often
in a collaborative manner.

Digital Storytelling narratives and imagery shared through technology.
Digital Technologies in an educational context, the use of Information and Com-

munication Technologies (ICT) by both students and teachers to improve
learning.

Diorama a model representing a scene with three-dimensional figures used in
education to encourage learners to creatively express their learning.

Entitlement Curriculum a curriculum that all students are entitled to, in contrast
to a specialist curriculum that students opt into.

Hard Technologies technologies that are hardware-based, such as electronics and
robotics.

Makerspace a collaborative space used to support students’ making, learning,
exploring and sharing of products utilising technology and other materials such
as textiles.

Makey Makey an electronic invention tool and toy that allows users to connect
everyday objects to computer programs. This function allows the Makey Makey
to work with any computer program or webpage that accepts keyboard or mouse
click inputs. The Makey Makey was produced by research done at MIT Media
Lab’s Lifelong Kindergarten.

Mechatronics the application of mechanics and electronics in the design and
construction of products, such as robotics.
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Micro:bit The micro:bit was part of the BBC’s UK-wide 2015 ‘Make it Digital’
initiative which focused on supporting creative integration of digital technolo-
gies into the UK curriculum. The micro-bit is a pocket-sized programmable
microcontroller with integrated display, buttons, sensors, and Bluetooth.

PBL Project Based Learning and Problem-Based Learning (PBL) are seen as ways
to authentically integrate digital technologywhere learning is supported by active
exploration of real-world challenges and problems.

Soft Technologies technologies that are software based such asweb apps andmobile
apps.

STEM an approach to learning based on the idea of educating students in four
specific disciplines—science, technology, engineering and mathematics—in an
interdisciplinary and applied approach.

STEAM an approach to learning that uses Science, Technology, Engineering, the
Arts and Mathematics to guide student inquiry, dialogue and critical thinking.
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Chapter 2
Designing for Context-Aware
and Contextualized Learning

Christian Glahn and Marion R. Gruber

Abstract Contextualized and context-aware learning refer to active and passive
approaches of utilizing contexts in educational designs. Both are at the core of many
mobile learning solutions. For scaling mobile learning in educational institutions,
it is important to understand that mobile learning is neither an independent nor a
stand-alone educational approach, but part of a rich repertoire of tools and prac-
tices that shape complex learning processes and are embedded in increasingly smart
environments. Moreover, mobile learning combines solutions for a range of differ-
ent educational interventions. Educators have to choose and integrate each solution
into their educational concepts in order to utilize the ubiquitously available tech-
nologies for leveraging on the learners’ contexts. This requires a better conceptual
understanding on the role and function of context in educational design. Seam-
less learning addresses this understanding by generalizing contextual influences on
learning processes beyond mobile learning, which is lacking in conventional educa-
tional designmodels. However, seamless learning is not an educational designmodel
that educators can use directly for deducing design principles. Seamless learning is
rather a concept that best understood in relation to integrated approaches of context-
awareness and contextualization that contrast of existing educational design models.
Because much research on mobile learning focuses on the active role of contexts, the
question comes intomind, whether context is always an explicit design element? This
chapter addresses this question in two parts. First, by operationalizing the concept
of seamless learning for planning and orchestrating contextual and context-aware
mobile learning. Secondly by analyzing potential contextual affordances of a mobile
app with minimized contextual dependencies.
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2.1 Introduction

Digital natives (Prensky 2001) expect unconstrained access to information and
knowledge in all parts of their lives.Mobile technologies play an important role to sat-
isfy such expectations. These technologies are omnipresent in daily life and expand
their users’ abilities, open and connect different contexts, and create new perspec-
tives. From the viewpoint of designing educational technologies, mobile learning is
particularly challenging because it is often unclear how the new technologies influ-
ence and change learning processes and experiences (Traxler 2007; Sharples et al.
2009).

One barrier for mobile learning is that it challenges the educational design reper-
toire of educators and instructional designers. This creates uncertainties among edu-
cational practitioners because learning experiences are often designed in ways that
do not integrate well new functions of mobile technologies: Mobile learning breaks
the dichotomy of analog and digital learning experiences that is underpinning con-
cepts such as blended learning (Rovai and Jordan 2004; Garrison and Vaughan
2008). Newer developments such as ubiquitous learning (Hwang et al. 2015) and
seamless learning (Wong and Looi 2011) address this limitation and emphasize
the capability of networked mobile technologies to bridge between learning set-
tings and contexts. These developments include technological support for in-class
and out-of-class experiences (So et al. 2015) that go beyond the conventional sep-
aration of non-technologically-enhanced face-to-face and technologically-enhanced
self-study experiences. Such approaches depend on tools that rely on new forms of
human-computer interactions as well as mediated interactions between humans.

Our journey started with promoting mobile technologies into existing higher edu-
cation courses (Glahn et al. 2015). Lecturers found it hard to integrate mobile modes
into their educational approaches. This was not due to the technological novelty, but
because in their perception the new technology targets learning practices and settings
that were already well supported by other technologies. In the course of more funda-
mental educational transformation projects, we found similar perceptions hindering
the adoption of new pedagogical approaches, such as video lectures for the inverted
classroom (Lage et al. 2000). The perceived invariability of educational modes and
sequences as well as the apparent lack of contextual factors in educational designs
appeared as a common theme in these developments. Consequently, we recognized
seamless learning as an educational design concept for planning and orchestrating
contextual and context-aware learning. This operationalization is particularly rele-
vant for integrating new interactive technologies for learning aswell as for combining
such solutions into complex learning experiences.

This chapter explores the role of context as a design element and provides a brief
overview on it in educational design models, as well as by isolating and integrating
contextual factors into an extended activity theoretical perspective. On this foun-
dation, we analyze the question, whether context must be actively considered in
educational design or can educational design draw on context-related affordances
of learning resources? We answer this question on the grounds of the findings of
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a multi-year implementation of a mobile app that minimizes contextual dependen-
cies that allow learners to expand their learning environment into new or alternative
contexts independently from explicit educational interventions.

2.2 What Is Context?

Context is a complex concept in education. It coversmany different aspects that influ-
ence learning experiences and educational interventions. The aspects include learning
modes, educational settings, social relations, environmental identifiers, accessibility,
media and device modality, procedural and system dynamics, as well as cognitive
framing (Luckin 2010;Wong and Looi 2011). Learning experiences can be perceived
as transitions between settings that are defined by these aspects. It has been noted,
that the effectiveness of complex learning depends on the educational capability to
moderate and integrate the different contextual learning experiences, which leads to
seamless learning (Kuh et al. 1994). Mobile seamless learning centers on context as
a key educational design principle for mobile learning experiences (Wong and Looi
2011).

The role of context has been identified as an important functional driver for inter-
active technical systems. Systems that can identify and respond to the contexts, in
which they are embedded, are called “context-aware systems”. For such systems,
Dey (2001) defines context as “any information that can be used to characterize the
situation of an entity”, where this definition refers both, people as well as objects
as entities. Such situations are separate of an entity and of activities and processes
that are performed by an entity. However, context is not independent from the entity,
because presence, performances, and artefacts may influence the context. The influ-
encing information can be grouped into the categories: “individuality”, “activity”,
“location”, “time”, and “relations” (Zimmermann et al. 2007).

• Individuality refers to the characteristics of an entity, such as a person or an object.
Information related to this category helps identifying presence of persons or objects
in a given setting.

• Activity refers to the dynamics of and within a setting. The related data
allows determining action disturbances, e.g., through noise levels or amount of
movements.

• Location refers to the position in a setting and time is its temporal counterpart.
Data of both categories support to locate or trace actors or objects.

• Relations point to social relations, such as organizations, communities or hierar-
chies, relations between physical and social entities, such as ownership or access,
as well as relations between objects, such as structures or systems.

The contextual categories help the design of sensor networks that provide data
about an entity’s situation (Zimmermann et al. 2007).

The viewpoint of context-aware systems highlights that context is situational for
an entity: While different entities can share some situational characteristics, each
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entity may have other unique characteristics. Therefore, context is not objectively
identifiable and static, but dynamic and subjective, which is relevant for educational
settings and learning experiences: Context “is complex and local to the learner [and
educator]. It defines a person’s subjective and objective experience of the world in a
spatially and historically contingent manner. Context is dynamic and associated with
connections between people, things, locations and events […]. Technology can help
to make these connections in an operational sense. People can help to make these
connections have meaning for a learner.” (Luckin 2010: 18).

2.3 Context in Educational Design

Educational design describes approaches for creating educational arrangements that
ground on educational theories, while not a theory of learning itself (Laurillard
2012). The challenges of designing for new pedagogies and/or technologies become
apparent in contrast to the various educational designmodels and embedded concepts
of context. The following analysis excludes instructional production and life-cycle
models, such as ADDIE (Gagné et al. 2004) or RASE (Churchill et al. 2016), because
these models do not focus on educational rationale but on the production processes
for learning experiences.

Luckin (2010) provides an overview on the perceptions of context in education,
philosophy, culture and technology. The overview indicates a range of interpretations
of context and its influence on learning. These interpretations are also present in
experience-centric educational design approaches, which can be grouped into four
categories:

• Context agnostic;
• Context as delivery modes;
• Context as a passive environment;
• Socio-centric context.

The following review focuses on prominent educational design models with rele-
vance to technology-enhanced learning. These models are used as examples for the
related category.

2.3.1 Context Agnostic Models

Context agnostic educational design models lack an explicit representation of con-
text. Educational designers that rely only on context agnostic models can address
context only implicitly. One example for context agnostic educational design models
is the “four-component model for instructional design” (4C/ID-model). The 4C/ID-
model structures design elements of learning processes and their quality indicators
(Merriënboer and Kirschner 2013). The model isolates characteristic elements of
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educational processes that are relevant for educational designs: “learning tasks”,
“supportive information”, “procedural information”, and “part-task practices”. The
interplay of these elements leads to learning outcomes. The important aspect of the
4C/ID-model is the connection of learner performance in the learning tasks and edu-
cational interventions in the form of supportive and procedural information. Besides
the roles of the actors, the model is context free, which means that it has no explicit
notion of context or a learning environment.

2.3.2 Context as Delivery Modes

The second group of educational design models consider context as delivery or inter-
action modes. Such models do not typically mention context or the learning envi-
ronment explicitly but differentiate interaction modes that are implicitly connected
to an environment or setting.

The delivery modes imply contextual framing in which learners perform an activ-
ity. Gagné et al. (2004) suggest a sequentialmodel for educational design. Thismodel
takes a primarily resource-centric approach to learning activities that guide learners
through a learning process. Each learning activity contributes to learning outcomes
that are used for assessment. Instructional designer structure and arrange learning
resources for the various activities according to subject matter needs. Context is only
acknowledged in the form of different delivery modes, such as computer-supported
and online learning, and face-to-face activities. Many blended learning concepts rely
on shifting between analog and digital delivery modes, as it is found for example in
the inverted classroom approach (Lage et al. 2000).

A similar viewpoint is taken by UCL’s Arena Blended Connected (ABC) curricu-
lum design method (Evers 2018; Young and Perovic 2016). The ABCmethod builds
on the six activity types associated to Laurillard’s conversational model (Laurillard
2012). The ABC method arranges learning activities along a term-centric week-
schedule. Each activity is associated to an activity type, to which the interaction
modes of conventional teaching methods and digital technologies are associated. An
educational design may use either mode or mix them.

2.3.3 Context as a Passive Environment

The third type of educational design models consider context as environments that
frame or constrain learning activities. Models of this type have a notion of context
as framing, mode of interactions, or container.

Romiszowski’s instructional systems (1981) take a system-theoretical approach to
instructional design. Central to this model is the relation between educational objec-
tives and learner performance. In this model, learning activities are design elements
that help to indicate the achievements of anobjective through the learner performance.
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Different to Skinner’s concept of programmed instruction (Skinner 1958), the educa-
tional scripts in Romiszowski’s model are not stimulus-response interactions but for
dynamic system with feedback loops. Four main “quadrants” influence the design
of each learning activity. The quadrants include “prior knowledge”, “task frequen-
cy”, “performance consequences”, and “task organization”. The latter two quadrants
refer to environmental or contextual factors. Romiszowski distinguishes between a
system’s internal environment that educational design decisions can influence, and
a system’s external environment that cannot.

Reigeluth’s educational design model (Reigeluth 1983; Reigeluth and Keller
2009) defines educational processes as the integration of organizational strategies,
content strategies, instructional strategies, and assessment strategies. In this model,
learning environments are part of the organizational strategies. A learning environ-
ment defines the framing constraints for learning activities and thereby structures the
learning experience. This model explicitly emphasizes the learning environments’
role as an educational design element that arranges different resources (Reigeluth and
Keller 2009) or allows to integrate digital tools and online services into the learning
process (Koper 2003). However, the model only considers the learning environment
for locating learning activities (Reigeluth and Carr-Chellman 2009). This assigns a
passive-structuring role to the environment. The model suggests that social roles and
social relations are part of the instructional strategies. This model provides the the-
oretical foundation for IMS Learning Design that limits the learning “environment”
to a collector for bundling learning resources and tools without any influence on the
learning process or notion of variability (Koper et al. 2003).

Laurillard (2012) introduced the conversational model for abstracting design prin-
ciples for complex learning. While Romiszowski’s model focuses on the systemic
relations of different educational design practices and Reigeluth’s concept of educa-
tional design addresses the procedural nature of educational processes, the conver-
sational model provides a meta pattern for designing educational experiences. The
conversational model distinguishes between the teacher and the learner role, who
interact either directly on the conceptual level or through the “environment” on the
performance level. The model suggests that activity at the conceptual level generates
performances in the environment. In response, such performances refine the mental
concepts at the conceptual level. This dynamic is present and observable for both, the
learners and the teachers, and is the core of educational “conversations”: The model
attributes the teachers’ performance to the environment as “model performance” as
well as a source for feedback. The basic principles are extended to collaboration,
where peer “communication” takes place on the conceptual level and “peer model-
ing” is attributed to performances in the “environment”. The environment itself has
no other function than serving as the framing in which performances manifest and
teachers as well as learners can observe these performances and their outcomes.
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2.3.4 Socio-Centric Context

The fourth group of educational designmodels include socio-centric contexts. Socio-
centric refers to contexts that are determinedonly by social relations, such as networks
or hierarchies of people. The socio-centric perspective differentiates social contexts
from social interactions for determining different aspects of a learning experience.

A prominent model that includes socio-centric contexts is Engeström’s activity
theory (Engeström2015). Similar to the 4C/ID-model it focuses on the characteristics
of (learning) activities. The model attributes six components to activities that jointly
lead to an activity’s outcomes: “Subjects”, “tools”, “objects”, “rules”, “community”,
and “division of labor”. According to the model, these components structure the pro-
ductive part and the framing of an activity, where “subjects”, “tools”, and “objects”
are considered as productive, and “rules”, “community”, and “division of labor” as
framing. Community refers to the social context of an activity, that sets demands,
regulates and embeds the performances of the active subjects, and consumes the
activities’ outcomes. The social context of activity theory is not a passive framing
for an activity, but actively influences the possible performances.

Before educational designs can draw on Engeström’s model, the models’ compo-
nents need to be adapted to the educational application (Fig. 2.1). This change allows
to relate this model to other educational design models: The “subject” refers to the
actors in a learning activity and the “object” to the topic and learning objectives.
“Tools” refer to the technologies that support the actors’ interactions with a topic,
which includes learning resources, such as text material or infographics, and inter-
active tools, such as educational apps or working sheets. While rules and contexts
remain unaltered, “division of labor” is uncommon in educational settings. It refers
to the different tasks performed by the actors according to their roles in an activity.

Learning 
Resources

Actors
Topic/

Objectives

Rules TasksCommunity

Outcome

Production

Consumption

Exchange Distribution

Fig. 2.1 Engeström’s activity theory model with adaptations of educational design
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The socio-centric perspective on contexts can be also found in Dillenbourg’s
orchestration graphs (Dillenbourg 2015). The orchestration graph model focuses on
operationalizing social interactions in learning experiences. The model consists of
“activities” that are connected by “operators” and the activities’ outcomes. Activi-
ties can take place at different social planes, such as “individual”, “group”, “class”,
“cohort”, “friends” or “school”. The transition between social planes is coupled to
special operators. The operators consume the learning outcomes of preceding activi-
ties for triggering the following activities. The arrangement of activities and operators
across social planes is based on the design decisions of the educator. Different to
Engeström’s activity theory, the social context is not external to the activity, but
characterizes the possible performances and data sources for an activity.

2.4 Contextual Factors of Learning

The limited recognition of context in educational design does not imply that context
is new to the domain of education and learning on a broader perspective: Lave and
Wenger (1991) introduce context as a driver of situated learning in communities of
practice. The authors highlight that learning is always situated in contexts, which
are not naturally given, but the result of a communal process that sets rules and
responsibilities for communication and collaboration. Situated learning must not
get confused with episodic and spaced learning (Melton 1970). Instead, situated
learning refers to the set of socio-environmental practices into which learning is
embedded. This implies that educational designs can be context agnostic but never
context independent (Lave 2009). An integral part of situated learning processes is
related to resolving conflicts between situated practices and the underpinningmodels
along with six contextualizing dimensions: processes, peers, events, participation,
concepts, and environment (Lave 1993).

Wenger (1998) independently focused on the contextual influences on commu-
nal learning processes. In the author’s view, temporal, location-related, and social
aspects as well as boundaries for differentiating contexts characterize contexts and
the learning within. Wenger identifies 12 contextual factors that influence learning
processes. The combination of the factors influences the selection and impact of
supportive technologies for learning and socializing processes (Wenger et al. 2005,
2014). In return the selection of tools pre-structures contexts and their application
contextualizes the activities in a community.

The relation between Lave’s context dimensions to Wenger’s contextual factors
allows to move between different granularity levels (Glahn 2009). The relation also
shows a strong emphasis of Wenger’s concepts on social dimensions of peers and
participation similar to the notionof context inDillenbourg’s andEngeström’smodels
(Table 2.1).

The concept of “ambient information channels” (Specht 2009, 2015) addresses the
forms of adaptation for different technologies in order to support learning of mobile
actors through information technologies that are available in a setting. Information
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Table 2.1 Context dimensions and context factors

Lave (1993) → Process Peers Event Participation Concept World

Wenger (1998) ↓
Presence ✕ ✕ ✕

Rhythm ✕ ✕

Interaction ✕ ✕

Participation ✕

Values ✕ ✕ ✕

Connections ✕ ✕ ✕

Personal Identity ✕

Communal Identity ✕ ✕

Relations ✕

Boundaries ✕ ✕ ✕

Integration ✕ ✕

Community building ✕ ✕ ✕

channels are learning resources with contextual meta-data. The underpinning model
relies on interactive learning environments, that can draw on sensor networks as well
as mobile-, personal-, room- social-based, as well as Internet of Things technologies
as actuators. The learning experience is tailored to the learners’ context by matching
their contextual dimensions with those of an information channel and the conditions
of the present setting. This matching is different from activity rules because it is not
part of the educational design but inherent to the learning resources and the learners’
context.

The ambient information channels provide a framework for operationalizing
learning contexts and transitions between them. The framework presumes that con-
texts are defined by interactions of actors with their environment that are measurable
through sensors. It connects the technical level of sensors in mobile technologies
with Lave’s abstract context dimensions. This makes context accessible as a techni-
cal and educational design element and allows to operationalize seamless learning
concepts for designing learning experiences. By mapping the contextual categories
suggested by Zimmermann et al. (2007) to Lave’s (1993) educational dimensions,
we can link sensor-level context types to the educational framing (Table 2.2). The
mapping shows that not all educational context dimensions are directly mapped to
specific sensor types. Instead, it shows that some contextual dimensions of educa-
tional approaches depend on more than one sensor-level dimension. The mapping
supports the design of data collection and processing for orchestrating contextual
learning activities and interactions.

Sharples et al. (2009) indicate that Engeström’s “community” element can be
generalized as “context” so the model becomes suitable for designing mobile learn-
ing experiences. This broadens the perception of activity theory’s elements towards
activities that consider contextual dimensions beyond social relations. The authors
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Table 2.2 Relation between Lave’s context dimensions and Zimmermann’s context awareness
dimensions

Lave (1993) → Process Peers Event Participation Concept World

Zimmermann et al.
(2007) ↓
Activity ✕ ✕

Relations ✕ ✕ ✕ ✕

Time ✕

Identity ✕ ✕

Location ✕

illustrate this wider context definition for the “location” context in location-based
learning scenarios. However, broadening the model’s scope of context adds little to
guide the design of situated and contextualized learning experiences and the related
tools (Fig. 2.2).

The extended function of the context element becomes more apparent when
Engeström’s activity model is inverted as depicted in Fig. 2.3. By re-aligning the
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Fig. 2.2 Integration of context with Engeström’s activity theory model
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Fig. 2.3 Inverted activity theory model

productive triangle of the original model, we identified new relations between the
components in technology-enhanced activities: Our changed perspective emphasizes
the impact of technologies and context on learning activities that were previously
hidden behind to the dominant emphasis on the interaction of actors with a topic. It
also shows four tension areas for educational designs that were hidden in the original
presentation:

• “Procedures” define when and how actors can, should or must use learning
resources;

• “Operations” refer to the alignment of learning resources, tasks and learning
objectives;

• “Orchestration” focuses on tasks, resources, and rules that influence the flow of
learning processes;

• “Adaptation” targets the interplay between rules and tasks in and across contexts.

The tension area of “adaptation” includes adaptive variants such as personaliza-
tion, recommendation, localization, and synchronization:

• Personalization refers to adaptation along the identity dimension.
• Recommendation refers to adaptation along the activity dimension.
• Localization refers to adaptation along the location dimension.
• Synchronization refers to adaptation along the temporal dimension.

The inversion of the model highlights the functional design elements of seamless
learning with context as the focal point for design decisions. It visualizes that con-
textual designs depend more on learning tasks and rules in order to situate activities
in contexts or bridge between contexts.
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2.5 Contextualization Beyond Context-Awareness

The recent research on seamless learning indicates an active role of context in learn-
ing experiences. Interactive learning environments can source contextual informa-
tion by aggregating data from sensor networks in the learning environment. From
the perspective of designing seamless learning experiences this raises the following
question.

Is contextualization the result of explicit educational arrangements or exist
contextualizing aspects that are inherent to tools, rules, or tasks?

This question is of particular interest for designing interactive learning environ-
ments as well as educational experiences: If contextualization is constrained to active
design decisions, then the agency of contextualization is always with the educational
designer, teacher, or lecturer. Such designs require pre-arranged learning processes
for every supported context. However, the concept of situated learning suggests
that all learning is contextually situated (Lave and Wenger 1991). This implies that
arrangements in educational designs could have affordances towards certain contexts
without being explicitly tailored to them. Different to context-aware approaches,
which depend on tight context relations, contextual affordances would rely on the
learners’ situational perception of learning opportunities.

Answering the question requires educational design elements that minimize con-
textual dependencies. Such dependencies include context-specific tasks, rules, or
learning resources, as well as implicit contextual requirements such as presentation
requirements of multimedia resources, connectivity requirements for online activi-
ties, or the learning resources’ handling time. If minimizing contextual dependen-
cies for learning activities have no contextual affordances, then learners should pri-
marily perform these activities in the same settings as they would while using the
non-minimized counter parts.

To test the above assumption, an existing educational design could be extended
with amobile app that providesminimized variants of already existing learning activ-
ities. Themobile solutionwould be available and easily accessible in awide variety of
contexts, which allows for analyzing how learners experience their learning environ-
ment. The following analysis uses the Mobler app for presenting alternative learning
activities in an educational design of an introductory module at the University of
Zurich with five consecutive cohorts.

Mobler (Glahn 2013; Glahn et al. 2015) is a mobile learning app for Android
and iOS smartphones that implements the micro-learning approach. Micro-learning
describes learning processes that consist of short and complete learning activities
(Glahn et al. 2004; Gassler et al. 2004). Anymicro-learning activity has three phases:
an activity activation or task description, a performance with a measurable outcome,
and feedback on the learners’ performance. A micro-learning activity is only given
if an activity cannot get further divided into smaller activities that have all of these
phases (Glahn 2013).

The app is designed for facilitating practices and it uses test items that are provided
by a learning management system (LMS). Such test items would normally be used in
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Fig. 2.4 Mobler Screenshots (Android version)—from left to right: course selection, question
(task affordance phase), question answering (performance phase), feedback by showing the correct
response in comparison with the provided response

tests and e-assessments. Mobler relies on interoperability standards for exchanging
data with an LMS. While conventional e-assessments bundle test items and require
the learners to complete all items in one attempt, Mobler isolates each test item and
presents it independently. Based on the learners’ responses and overall progress the
app chooses the most suitable test items for the next activity. Immediately after the
learners complete a task performance, they receive feedback on their performance.
This feedback is automatically generated based on the test item’s scoring definition.
Educational designers can enrich the automated feedback with optional qualitative
information. All test items are arranged as an endless loop that learners can interrupt
at any time and continue at a later point. Figure 2.4 shows the user interface for these
steps.

The app uses no device sensors or push-notifications for active contextualization.
Mobler minimizes contextual dependencies through the following features.

• Offline caching of test items and learner performance;
• No gamification through challenge modes;
• Non-interactive data synchronization with the LMS;
• Isolating test items into independent micro-learning activities;
• Pseudo-random selection of test items based on the learners’ prior performance.

The features reduce the explicit activity context only to the framing course and the
present learning activity. The offline function and the non-interactive data synchro-
nization minimize network-related constraints that would otherwise restrict learners
to contexts with sufficient network bandwidth and latency. These features also allow
the learners to initiate and stop learning activities anywhere as long they have access
to their mobile phone. This minimizes the preference towards learning contexts.

The Mobler app has been used between 2014 and 2018 with five consecutive
student cohorts in an annually recurring introductory lecture on communication sci-
ences (Table 2.3). The app was a voluntary addition to the blended learning design of
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Table 2.3 Enrolled course participants and Mobler usage per cohort

Cohort (year) 2014 2015 2016 2017 2018

Enrolled students 410 343 323 342 327

Mobler adoption rate (%) 74 83.9 84.8 84.8 87.7

Mobler weekly use (%) 32 51.6 44.1 47.5 43.1

Mobler daily use (%) 24 26.9 30.5 27.1 36.9

Questionaire response rate (%) 12 27 18 17 20

the lecture. The test items presented in the app were also available to the students in
online tests for self-assessment. The adoption rate of this optional component started
at 74% and consistently grew to 87% in 2018.

After each term, an online survey asked the students about their perceived learning
behavior using the Mobler app. The survey was combined with the regular course
evaluation, which is implemented after the end of the lecture and after the exams. The
survey includes items on technology acceptance and ownership, the mobile media
consumption, the acceptance as well as learning habits using the Mobler app (Glahn
et al. 2015). The part on learning habits usingMobler includes items on the frequency
of themobile usage “at home”, “in transit (e.g., in public transport or car)”, “at work”,
“on campus/in the library”, and “during leisure time (e.g., while meeting friends)”.

The 332 student responses to the survey represent 19% of all 1745 students. The
surveys indicate a 100% smartphone adoption among the participants and show daily
usage of mobile apps in various contexts. The data indicate that the students use these
devices irrespective of the context.

A growing number of students answered that they have used Mobler occasionally
or frequently during the term, starting from 74% in 2014 increasing to 87.7% in
2018. The distribution app usage frequency is similar to the use of the telephony or
navigation features on the smartphone, with occasional use (at least once per week) at
around 45% and daily use growing from 24% in 2014 up to 37% in 2018 (Table 2.3).

The students were asked to indicate their use of Mobler in different contexts. The
data shows that students across all cohorts used the app primarily in two contexts: “at
home” and “in transit”. The other contexts were of lesser relevance irrespectively of
the cohort (Fig. 2.5). The home context has been expected for self-study experiences
because these pointed to the primary educational intention for the self-assessment.
“In transit” is a new learning context that was not planned as part of the courses’
learning experience. Other contexts were less relevant for the participants’ learning
experience with the app.

The findings indicate that the students attribute specific contexts to the app because
the students reported almost equal smartphone usage frequency for all contexts
and the app minimizes contextual dependencies. This suggests that the students
responded to contextualizing affordances in the mobile learning activities. The data
indicate clearly that these affordances are not intrinsic to the device, but are related
to the design of the app.
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Fig. 2.5 Repeated use of the Mobler app per cohort, by context

The results suggest that contexts can influence the learning experiences, even if
they are not explicitly part of an educational design. Instead, the affordances of a tool
or learning resource may allow students to expand their learning experiences into
new contexts. Different from active contextualization of context-aware systems, an
affordance-guided passive contextualization can be achieved through re-organizing
and re-arranging learning activities or resources.

2.6 Conclusions

This chapter focused on “context” as an educational design principle. Many educa-
tional design models do not consider context or consider context as a passive com-
ponent that structures learning resources. The increasing availability and integration
of sensors and actuators in mobile technologies and the Internet of Things questions
the passive perception of context. Concepts such as seamless learning highlight a
new perspective on context in educational designs and learning experiences.

The relation of context to existing educational design models is a major challenge
because the necessary concepts are often missing. Simultaneously, there are several
studies that focus on contextualization as a form of adaptation of interactive sys-
tems. This raises the question for educational design, whether only adaptation can
contextualize learning experiences. The findings presented in this chapter suggest
that contextual experiences are not only the result of such adaptation. Interactive
environments and learning resources can also offer passive forms of contextualiza-
tion by allowing learners to expand their learning environment into new settings.
One approach to achieve this form of contextualization is based on minimizing the
contextual dependencies of an educational tool.

Either approach to contextualization can be challenging for educational design-
ers because it involves greater awareness about the different contextual factors that



36 C. Glahn and M. R. Gruber

influence learning experiences. In order to abstract these underpinning relations, this
chapter proposes an inverted perspective on Engeström’s activity theory model. The
model provides a foundation for operationalizing seamless learning as the interplay
of active contextualization and passive contextual affordances of tools and learning
resources. The model’s key principles guide the integration of the Mobler app into a
higher education course curriculum.

The presented findings confirm the plausibility of the initial assumptions about
contextual influences on learning experiences. This points towards a new rationale for
educational designs and interactive systems that reflects context as an active factor
for learning experiences. Yet, further research must use our findings with caution
when deducing implications for educational design theories and models. Research
can overcome the shortcomings of the present study by addressing the following key
questions.

1. What are the relations between the different abstraction levels of contextual
dimensions and how do they influence learning experiences?

2. How do affordances of learning resources and tools, educational rules, tasks, and
contexts influence each other, and are there context-specific affordances inherent
to apps, devices or device types?

3. Are there universal design principles for context-awareness and contextualization
that are relevant for educational design?

Glossary

Affordance The quality or property of objects or tools that define their possible uses
or makes clear how they can or should be used.

Assessment Any form of comparison of performances with benchmarks or objec-
tives.

Blended learning All forms of combining different technology-enhanced learning
approaches with each other and with conventional educational practices and
interventions.

Context-awareness The use of context to provide task-relevant information and
services. In education, context-awareness refers to explicit use of context or
contextual factors for creating and moderating learning experiences.

Contextual affordance Properties of objects or tools that bind usages to contexts.
These properties are connected to contextual dimensions.

Contextual requirements The contextual preconditions that are necessary for
learners to perform learning activities or to make learning experiences.

Contextualization The use of context to change information and services. In educa-
tion, contextualization refers to the use of context for selecting learning activities
as well as for changing the conditions of one or more learning activities.

Device sensors The sensor-network built into digital devices, such as microphone,
camera, gyroscope, or compass.
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Digital natives Generationswho only experienced aworldwith ubiquitous presence
of digital technologies in daily life.

Educational design Planning and arrangement of learning activities into educa-
tional processes that include the assessment of learning objectives. It com-
plements learning design that focuses on the design of learning tasks and
instructional design that primarily addresses the design of learning resources.

Learning activity Educational tasks including necessary resources, environment,
intended performances, expected outcomes, as well as relevant feedback. Learn-
ing activities typically consider a learner role and a facilitator role but can also
addressmultiple roles in different social interactions. Learning activities abstract
beyond individual performances and refer to planned educational interventions.

Learning environment The setting of one or more learning activities. Learning
environments provide learning resources that are needed to perform a learn-
ing activity. Moreover, learning environments determine the context of learning
activities. A learning environment can bind a learning activity in terms of the
activity’s framing as well as it can be part of an activity in terms of structured
resources.

Learning experience The sensory and emotional impressions of learners when
performing a learning activity or being exposed to a learning environment.

Micro-learning Educational design patterns that utilize atomic learning activities as
fundamental building blocks. Learning activities consist of a task, performance
assessment, and performance feedback, learning activities are atomic, if they
cannot get further separated into sub-activities with this structure intact.

Perceived learning behavior The learners’ self-reported perception of their own
learning and/or of their personal engagement in learning activities.

Seamless learning Seamless learning happenswhen persons or groups experience a
continuity of learning, and consciously bridge the multifaceted learning efforts
across a combination of locations, times, technologies, or social settings. In
educational design, seamless learning refers to approaches that create continu-
ous learning experiences that leverage the diverse contexts of learners to shape
learning experiences. Mobile seamless learning refers to applications of mobile
technologies such as smartphones to facilitate learning in context and/or to bridge
between contexts.

Technology-enhanced learning Combines all approaches and applications, in
which digital technologies are used for supporting education and learning pro-
cesses. This includes but is not limited to e-learning, online learning, and
MOOCs, mobile learning, game-based learning, simulations, gamification, edu-
cational approaches to augmented and mixed reality, virtual and remote labs, as
well as virtual worlds.
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Chapter 3
Technologies for Lifelong and Lifewide
Learning and Recognition: A Vision
for the Future

Kumiko Aoki

Abstract In this rapidly changing society, it has beenwidely acknowledged that edu-
cation needs to happen continuously, lifelong and lifewide. The concept of lifelong
learning is well established and the need for learning at many intervals throughout
one’s life is well recognized. Lifewide learning refers to the learning which takes
place in a variety of different environments and situations covering formal, non-
formal, and informal learning. Ideally learning for an individual should be holistic,
not separating different contexts of his/her life. Learning can occur at many different
places including schools, homes, communities, workplaces, and public places, but
often times individuals lack awareness of their own learning when it comes to learn-
ing outside of formal schooling. In this age of open educational resources (OER) and
massive open online courses (MOOCs), the materials for learning are ubiquitous
and knowledge access is easy. Potentials for linking informal or non-formal learning
to formal learning have become salient. However, the means to assess and visualize
one’s own lifewide and lifelong learning paths organizing all those learning resources
are rarely discussed. With the current tremendous power of cloud computing, digital
storage and mobile devices, technologies afford us to keep all the personal learning
records throughout our lives as well as across different contexts of our lives. These
technologies also give the possibility of integrating and visualizing all the disparate
learning and recognizing it throughout one’s life. This paper discusses potentials of
the technologies to assist actualizing the vision.

3.1 Introduction

Traditionally education has been formalized and institutionalized due to the needs of
providing sequential standardized curricula to individuals and recognizing their age
finite learning. There have been distinct stages in one’s life that are solely dedicated
to receiving education and then individuals leave the stages for working life in which
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they leave the formal education behind. The educational periods are also divided into
academic years and semesters to maintain the formal structures.

In this rapidly changing society, it has been widely acknowledged that education
needs to happen continuously, lifelong and lifewide. The concept of lifelong learning
is well established since the late 1960s and the need for learning at many intervals
throughout one’s life is well recognized. In old days, one’s workplace or profession
did not change often throughout one’s life, and the preparation for the workplace
or profession could have been done before entering the field. However, nowadays,
workplace and profession often change due to the economic instability/development
and technological advancement/deployment. It is imperative for individuals to con-
tinue learning for their job security as well as their personal development for the
individual fulfilment in life.

In contrast to lifelong learning which spans in time, lifewide learning occurs in
different spaces. In other words, lifelong learning is a vertical integration of one’s
learning while lifewide learning is a horizontal integration of one’s learning (Crop-
ley 1980). Lifewide learning refers to the learning which takes place in a variety
of different environments and situations covering formal, non-formal, and informal
learning. Informal learning includes learning in a variety of spaces that is not neces-
sarily organized or formal in nature like a school or organization (Melnic and Botez
2014). It also includes activities that are carried out not primarily for the purpose of
learning, but as a bi-product of the attempts to accomplish something. Jackson (2013)
states that: “One of the goals of lifewide education is to make people more aware
of their learning in all its forms but particularly how it relates to the realization of
themselves as a person.” The lifewide dimension of human experience gives lifelong
learning ecological significance. Now with the mobile technologies, individuals are
increasingly using fragmented time to learn through fragmented resources, making
them so-called “learning nomads” (Barnett 2010). Ideally learning for an individ-
ual should be holistic, not separating different contexts of his/her life. Learning can
occur at many different places including schools, homes, communities, workplaces,
and public places, but often times individuals lack awareness of their own learning
when it comes to learning outside of formal schooling as it tends to be fragmented.

This chapter starts with a description of personal learning paths for keeping track
of one’s learning in the past, present and future. Then, it analyzes the potential tech-
nologies and services to keeping the personal learning paths in light of the learning
ecosystem. Finally, it examines the stakeholders of personal learning ecosystem that
help develop and maintain personal learning paths for individuals.

3.2 Personal Learning Paths

Digital environments provide individuals with ample opportunities for learning in
and out of formal school settings. A variety of contents for learning exist online
for free or at a minimal fee nowadays with the forms of open educational resources
(OERs) and massive open online courses (MOOCs) (Witthaus et al. 2016; King et al.
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2014; Baggaley 2013; Kay et al. 2013). “Personalized learning” or “personalized
learning environment” has become a buzzword for educational programs based on
the learners’ background and needs to reach their maximum potential (Miliband
2006; Grant and Bayes 2014; Roberts-Mahoney et al. 2016). However, the means of
keeping track of all the lifelong and lifewide learning in a coherent manner is not
existent, and the opportunities for assessing and recognizing what is learnt are still
scant though there is an increasing possibilitywith the prevalence and standardization
of digital credentials (Smolenski 2016).

If learning is initiated only for personal satisfaction, just accessing available learn-
ing content or resources of one’s interest may suffice. However, if learning is initiated
for career development or even for a fulfillment in life, a person may want to create
a plan not only to learn, but also to be assessed and recognized for the learning. In
addition, the person may want to know what is missing and what needs to be learnt
further to attain the goal he/she sets for the plan. To make it possible, the person
needs to develop a personal learning path (Chen 2008).

A personal learning path should be flexible as it may change depending on the
needs and interests in one’s life stage. It should also be multi-layered as it is not
usually a single path with a single goal, but comprises multiple paths with multiple
goals in one’s lifewide and lifelong learning. It is important to keep track of the
learning path based on the person’s learning profile. With digital learning and online
learning, it is possible to record and accumulate all the individual learning activities
and processes. Though so far all those learning records have been stored in the
databases of institutions that offer learning activities, it is ideal for individuals to
manage and take responsibility of ones’ own learning records as the learners are
at the heart of all the education systems. Personal learning should shift the role of
students frombeing simply a consumer of education to a co-producer and collaborator
of their learning pathway (Bates 2014). Learners need to be self-directed for pursuing
the goal of the learning instead of passive consumers of educational content and play
an active role in designing and executing their own personal learning path.

Learning analytics has been discussed mainly from the perspectives of educators
and educational institutions using data gathered from institutional learning manage-
ment systems (Siemens and Long 2011). However, learning analytics can be very
useful in analyzing personal learning records to identify strengths and weaknesses
of one’s own learning, to uncover shortcomings, and to suggest the directions an
individual can take in future towards achieving the goal of the individual. Prior to the
digital era, it was almost impossible to accumulate all the records of learning done
at different locations over time by one individual. Now with the digital learning, the
learning records can be stored digitally in one place. All the records stored in the
learning path should belong to the person, not the institution or organization that has
provided the learning experiences.

Personal learning paths encompass learning in and outside of formal educational
settings, and focus on not where and when the person has studied, but on how and
what the person has achieved through learning. A personal learning path should
contain a record of the past learning as an e-portfolio, a present profile including
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Fig. 3.1 Personal learning path

current interests and learning styles (Kolb and Kolb 2005), and a plan for the future
learning (See Fig. 3.1).

As all the learning records of a particular individual’s learning process as well as
learning performance is stored in one virtual place, the learner doesn’t have to be
assessed every time to gauge the person’s pre-knowledge prior to registering for a
course or enrolling in a program. Hence, the sequence of learning can be designed
efficiently and effectively.

In addition, the individual’s learning style and preference is also stored in the
personal learning path, which should be taken into consideration when selecting
the courses and programs for learning. Learning style and preference may encom-
pass multiple variables relating to study mode, learning contents, sequences, and
user interfaces. As the learning style and preference of an individual may change
throughout his/her life, the learning style and preference in the profile is continuously
assessed and modified in the course of learning. In the present profile, the current
circumstance of a learner in terms of available time, locations and environments of
studying, available devices used, and goals of learning is indicated.

The learning plan in the personal learning path should be adjusted and optimized
dynamically according to the past and present learning records and the current objec-
tive for learning. A learner should be presented with multiple options in terms of
future plans for learning and be in control of choosing the one he/she thinks most
suitable to make the person feel actively involved in making the plan for his/her own
learning.

With the personal learning path, an individual can pursue coherent learning even
without an extended time span available for learning as it keeps track of what the
person has learned and suggest the path to pick upwhere the individual left in the past.
The individual can easily mix and match learning activities, working, and personal.
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3.3 Personal Learning Ecosystem

For each individual to maintain his/her own personal learning path, the learning
ecosystem needs to be present that consists of: (1) learning content/resource provi-
sion, (2) assessment of learning, (3) recognition of learning, and (4) learning path
management as shown in Fig. 3.2.

Each component in the personal learning ecosystem is described in the following.

(1) Learning Content/Resources

The means of digital learning in different contexts and situations are well doc-
umented. In this age of digital educational resources (DER), open educational
resources (OER) and massive open online courses (MOOCs), the explosive growth
of learning resources and the sheer quantity of available resources is overwhelming
and the materials for teaching and learning are abundant. With the prevalence of
mobile devices, those learning resources are accessible anytime anywhere on the
go (Sun et al. 2018). However, in order for a learning experience to be effective,
the content or resources need to be monitored, selected and sequenced based on the
personal learning path instead of randomly accessing on a whim.

In an ideal world, every available learning resources is tagged with standardized
metadata so that the resource suitable to a learner’s needs, preference, and goal can
be searched and identified globally from the huge pool. Such repositories of learning
resources may be abundant today, but few are actually linked to allow a learner to
do a federated search of all the repositories. The technology of artificial intelligence
(AI), defined as computing agents that are able to perform tasks that normally require
human intelligence based on data received from the environment (Russell andNorvig
2016), shows a promise of a learning agent searching for suitablematerials in a timely
manner for the learner andweeding out useless information that could end upwasting
the learner’s time.

Fig. 3.2 Personal learning ecosystem
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It is ideal that learning resources may be customized based on the individual
learner’s needs and preferences in terms of contents, granularity of chunks, and
presentation styles to avoid cognitive overload and make learning efficient. In using
learning resources, it is also ideal that online tutoring is available when a learner
faces difficulty understanding the materials. Databases of skilled tutors should be
available that also contain information on the areas of study, academic backgrounds,
track records, user ratings, availability, cost, etc.

Learners of the same learning resource should be connected allowing connected
learning, collaborative learning and social learning though each learner may learn at
his/her own pace. Learners need to participate in learning activities that encompass
teamwork, collaboration, and peer-to-peer learning as learning tends to be passive
and limited if it involves only watching and reading of materials. Connected learning
and social learning enable formation of learning communities which serve as the
scaffolding in the learning processes and allow active learning in individual learning
processes (Kharbach 2012; Sun and Shen 2014).

(2) Assessment

In the personal learning path, practical learning for academic credentials or profes-
sional development and learning for expanding the mind co-exist. In learning for
expanding the mind, the learner may not care much about being assessed for his/her
learning as the learning is mostly intrinsicallymotivated. However, in practical learn-
ing which tends to be extrinsically motivated, mastery learning should be involved
and the learner needs to be assessed for his/her progress step by step to achieve the
final goal of learning.

Assessments could happen at various levels and in various granularity. It could
be done solely for self-assessment for reflection or for validation of learning. In any
case, assessment needs to be conducted so that it is valid for the learning objective.
In addition to summative assessments, ongoing formative adaptive assessments need
to be implemented in consideration of scaffolding in case if the learner could not
achieve the learning objective as scaffolding is essential for learners (Hmelo-Silver
et al. 2007).

Multiple choice quizzes are the most popular assessment formats seen in digital
learning environments as they can be easily programmed to give an automatic imme-
diate feedback to learners. They have the potential of motivating learners if they are
implemented in the right time and in the right interval. Essays and reports are still
difficult to be graded without human intervention. However, the development of arti-
ficial intelligence (AI) could automate assessment of essays and reports in limited
degrees in the near future. Performance assessment can be quite difficult as it usually
requires a complex rubric, but considered to be authentic in evaluating skills and
competencies.

Peer-assessment can be useful in learning communities as learners can further
learn by evaluating others’ works. However, in order for peer-assessment to be valid
and reliable, a rubric with detailed instructions need to be developed and commu-
nicated. Each learner can be assessed as a peer evaluator in multiple activities and
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rated based on his/her performance as an evaluator so that evaluation by a particular
evaluator can be weighted based on the past performance of evaluation.

Whatever the means of assessment, the assessment needs to be reliable and valid
so that a decision can be made whether the learner should continue learning or be
recognized for the learning and move on to the next stage of learning. Assessment
can be done in conjunction with the content/resource provision, or independently of
the provisions to assess the skills and knowledge acquired in the past.

(3) Recognition

After learning is assessed, it also needs to be validated and recognized. In digital
learning environment, recognition of learning whether it is formal, non-formal, or in
formal in the forms of digital badges is possible. Digital badges can link all the neces-
sary information to authenticate the learning and be presented to an appropriate party
on demand. Digital badges also visualize the progress in learning accomplished in the
personal learning path so that they motivate learners to learn further. Digital badges
can be issued at a variety of granularity and can be quite useful in identifying the
gap in learning if the personal learning path is planned in detail. For example, digital
badges can be issued for completing informal, non-formal, or formal courses, on-
the-job trainings, and conference workshops, etc. (Abramovich et al. 2013; Gibson
et al. 2015).

Traditionally a student needs to obtain a transcript or a certificate from the insti-
tution or organization who has issued it if the student needs to show the proof to
a potential employer. With digital badges, an individual can manage and present
his/her own credentials earned over years without asking the credential issuers. In
addition, a potential employer can obtain a detailed information about the credentials
earned by the individual.

With the premise of blockchain, which is basically a distributed ledger, it is not
totally impossible to imagine that every person will have a lifelong digital portfolio
or e-portfolio which permanently stores all the credentials, achievements, and certifi-
able experiences and activities the individual has consciously earned and completed
throughout his/her life, and share some of those data when needed. The biggest
advantage of such a portfolio is its independence of any single institution’s resource
as blockchains are distributed across networks. The owner of the e-portfolio has full
control over it and not at the mercy of institutions in using their own data.

With blockchain-based e-portfolios or credentialing, individuals can easily and
instantly share their credentials or digital badges with the parties they wish to share
and the parties can recognize those credentials as genuine as those are verifiable
with original issuers of the credentials without actually contacting them. In addition,
with blockchain technology, even after the original issuer of credentials or digital
badges disappears, still the credentials or digital badges can be validated (Grech and
Camilleri 2017).

Blockcerts, the open standard for issuing and verifying records on the blockchain
developed by the MIT Media Lab and Learning Machine, has already been used to
issue diplomas at MIT, Southern New Hampshire University, Central New Mexico
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Community College, East Coast Polytechnic Institute (Learning Machines 2019),
the University of Melbourne, and the University of Nicosia.

The current challenge lies in the proliferation of blockchain technologies in edu-
cation which may not be interoperable and, hence, beat the purpose of universally
sharable transparent credentials. It is empowering individuals if the blockchain tech-
nologies give truly decentralized yet valid and reliable means of demonstrating indi-
viduals’ academic and professional achievements without being vulnerable to any
particular institutional policies and regulations.

(4) Learning Path Management

The last section of the personal learning path is the management of the learning
path itself. In a limited scope of learning within an institution, the learning path
management is already possible on learningmanagement systems (LMSs). However,
those LMSs tend to be closed within an institution, and only a limited amount of
information about students is shared across different institutions.

If an individual owns and manages his/her own personal learning path, the prob-
lem of inter-institutional incompatibility does not occur and an individual can present
necessary information to the target educational institution for receiving educational
services based on the individual’s needs. The recent development by the U.S. govern-
ment initiative, the Advanced Distributed Learning (ADL), called Experience API
(also known as Tin Can API and xAPI), enables nearly dynamic tracking of activities
from any platform or software system—from traditional LearningManagement Sys-
tems (LMSs) to mobile devices, simulations, wearables, physical beacons, andmore.
Experience API is an open source, and through its backend database called Learning
Record Store (LRS), all the activities and records of an individual learner can be
stored and shared regardless of types of devices and platforms anytime anywhere.

A personal learning path records all the resources accessed in the past as well
as the learning activities the individual has engaged. It also keeps all the current
characteristics, preferences, environments and attributes of the learner in his/her
personal profile. In addition, it has to recommend the most appropriate resources and
activities to be engaged in the future and the appropriate sequence of the engagement
for a given learner based on his/her past and current data (Kurilovas et al. 2014). That
is the aspect of learning path management in the personal learning ecosystem.

3.4 Conclusion

For lifelong and lifewide learning to be meaningful for the learner as well as the
society as a whole, it is important to recognize all the learnings that occurred one’s
lifetime including not only formal learning, but non-formal and informal learning.
In the concept of a personal learning path, an individual’s past record of learning,
current profile, and future plans are stored in a personal cloud and any data that
the individual wishes to present to a third party will be shared as needed. As the
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individual has the sole ownership of all the date in his/her personal learning path, the
privacy protection will not be much of an issue as any data of the individual cannot
be shared without the individual’s consent.

Personal learning ecosystem consists of the stakeholders that contribute to indi-
vidual personal learning paths: learning contents and resources, assessments of learn-
ing, recognition of learning accomplishments, and management of the learning path.
Each of those components can be independent services or more holistic educational
providers that encompass multiple components.

With the technologies of cloud computing, digital certificates, blockchain, and
artificial intelligence (AI) and standardization efforts like Experience API, techno-
logically it is now possible to create the personal learning path and the personal
learning ecosystem, in which individual learners are at the center of controlling what
to learn, how to learn, where to learn, and how to use what the individual acquires
from all the learning. Educational institutions will be the ones who help individu-
als progress in their personal paths and ensure the quality and the integrity of the
personal learning paths.

The technological possibilities have to come with policy making, cross-sector
collaboration, and organizational rearrangements that have long tradition of institu-
tionally centered cultures. With the possibility of personal learning paths, individual
learners will be empowered, but at the same time it requires individuals to be con-
scious decision-makers of their own learning at every stage of their personal learning
paths. The necessary role of current and future educators must be to guide individuals
to be autonomous, self-directed learners who can take charge of their own personal
learning paths.

Glossary of Terms

Open educational resources (OER) freely accessible, openly licensed text, media,
and other digital assets that are useful for teaching, learning, and assessing as
well as for research purposes.

Massive open online courses (MOOCs) online courses aimed at unlimited partic-
ipation and open access via the web.

Lifelong learning learning throughout one’s life.
Lifewide learning learning which takes place in a variety of different environments

and situations covering formal, non-formal, and informal learning.
Formal learning education normally delivered by trained teachers in a systematic

intentional way within a school, higher education or university.
Non-formal learning various structured learning situationswhichdonot either have

the level of curriculum, syllabus, accreditation, and certification associated with
‘formal learning’.

Informal learning learning in a variety of spaces that is not necessarily organized
or formal in nature like a school or organization.
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Self-directed learning a process in which individuals take the initiative without the
help of others in diagnosing their learning needs, formulating goals, identifying
human and material resources, and evaluating learning outcomes.

Learning analytics the measurement, collection, analysis, and reporting of data
about learners and their contexts, for purposes of understanding and optimizing
learning and the environments in which it occurs.

Learning styles a range of theories that aim to account for differences in individuals’
learning.

Artificial intelligence (AI) computing agents that are able to perform tasks that nor-
mally require human intelligence based on data received from the environment.

Connected learning a type of learning where a person has an opportunity to pursue
a personal interest and passion with others so that learning is linked to academic
achievements.

Social learning learning within a social context.
Learning community a group of people who share common academic goals and

attitudes, who meet semi-regularly to collaborate on classwork.
Mastery learning an instructional strategy and educational philosophywhichmain-

tains that learners must achieve a level of mastery in prerequisite knowledge
before moving forward to learn subsequent information.

Summative assessment the assessment of participants where the focus is on the
outcome.

Formative adaptive assessment a range of formal and informal assessment proce-
dures conducted during the learning process.

Peer-assessment an educational activity in which learners judge the performance
of their peers.

Digital badges a validated indicator of accomplishment, skill, quality or interest
that can be earned in various learning environments.

Blockchain distributed ledgers which are linked using cryptography.
e-portfolio a collection of electronic evidence assembled and managed by a learner,

usually on the Web.
Learning management systems (LMSs) software applications for the administra-

tion, documentation, tracking, reporting, and delivery of educational courses,
training programs, or learning and development programs.

Learning Record Store (LRS) a data store system that serves as a repository for
learning records collected from connected systems where learning activities.
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Chapter 4
“Smart” Practices: Machine Intelligence
for Transforming Pedagogy and Learning

Kelli Buckreus and Mohamed Ally

Abstract Advances in machine intelligence (MI) have coincided with recent shifts
in education, across all levels and contexts, towards constructivism. As a pedagogical
tool,MI promises new opportunities for adaptive learning that may help to fully actu-
alize constructivist learning theory, transforming how learners interact with teachers,
other learners, content and (technology) tools. Richer multi-modal environments for
interaction, adaptive information aggregation and curatorial support, and person-
alized learning through analytics-informed responsive instruction, are among the
possibilities, with teachers positioned in more strategic pedagogical roles vis-à-vis
these teaching machine partners. So far, however, MI implementation in education
has failed to live up to its promise. This failure has little to do with technological
possibilities, and rather stems from limitations in how learning theory, pedagogy
and imagination have informed the application of MI within education contexts. As
Russell (The no significant difference phenomenon: As reported in 355 research
reports, summaries and papers. Raleigh, NC, North Carolina State University, 1999)
contends: Pedagogy, not technology, makes a “significant difference”. As education
transitions to become a lifelong learning process within the twenty-first century’s
“information age” context, outcomes must focus on domain knowledge as well as
adaptive process skills, such as communication, critical thinking, self-direction and
collaboration. In this chapter, the authors consider howMI implementation and peda-
gogical reform may address 21st learning goals. These will advance simultaneously
with broader systemic changes, and shifts in institutional mandates towards dig-
ital resiliency. Purposeful and strategic implementation of MI at a societal scale
will require careful long-term planning and new objectives, including education
that supports development of MI user skills throughout the workforce and general
population.
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4.1 Introduction

Far from emulating what is imagined in science fiction literature and film, machine
intelligence (MI)1 has emerged to address some of the mundane and routine tasks
of daily life (Reddy 2017; Rizzotto 2017). Nonetheless, MI promises radical shifts
to our socioeconomic structures, such as those occurring in North America’s work-
force with the introduction of autonomous vehicles (Marshall 2017). Purposeful and
strategic integration ofMI on a societal scale will require careful long-term planning,
a critical aspect of which will be developing MI user skills throughout the workforce
and general population, evoking new objectives for education (Luckin 2016; Mur-
phy 2018; Rizzotto 2017). As a pedagogical tool, MI offers new opportunities for
adaptive, interactive and experiential learning that may help to fully actualize social
constructivist learning theory (Veletsianos 2014;Woolfolk et al. 2011), transforming
how learners engage with teachers, other learners and content (Garrison et al. 2010;
Richardson et al. 2017; Zimmerman 2012).

The most important step forward will be increased personalization of learning
(Dodgson and Gann 2017; Leopold 2017; Luckin 2016; Rizzotto 2017). MI-enabled
learning analytics and instructional design offer potential for fluid and individual-
ized approaches to curriculum, freeing teachers to pursue more strategic pedagogical
tasks, while educational institutions simultaneously flex to serve growing number of
learners, deliver increasingly diverse/complex curricula and “do more with less”
operational resources (Richardson et al. 2017; Rizzotto 2017; Weller and Anderson
2013). To date, MI’s application in education has been largely limited to rudimentary
intelligent tutoring systems (ITS) and simulations, discussion forum bots and learn-
ing analytics focused on predicting student attrition rates (Luckin 2016; Lang et al.
2017; Maderer 2016; Qiu et al. 2014). Still untapped is MI’s real potential for adap-
tive, personalized learning that provides timely interventions and improves construc-
tivist learning, combined with new types of interactive relationships (O’Reilly 2017;
Rizzotto 2017). For instance, Rizzotto (2017) envisions a virtual reality (VR) tutor
embodying personal appearance, powered by MI to provide responsive, experiential
and engaging real-time learning.

Critical advances for twenty-first century education will come from how MI is
leveraged in conjunction with Internet communications technology (ICT) and con-
nected mobile devices, two innovations that together have fundamentally reshaped
learning and work contexts around the globe (Reddy 2017; Rizzotto 2017). Bound-
aries and conceptions of “otherness” that once existed have given way to collective
knowledge creation and the sharing of ideas, with technologymediating the time–dis-
tance phenomenon to bring us together at the touch of a virtual button.Within distance
learning contexts in particular, ICT has fostered important shifts towards balanc-
ing asynchronous and synchronous interaction, supporting individualized learning
and learner self-direction, and bridging learner–teacher and learner–learner distance
(Dodgson and Gann 2017; Leopold 2017; Luckin 2016; Rizzotto 2017).

1Throughout this chapter, we use the term “machine intelligence (MI)” instead of “artificial
intelligence (AI)”, as MI is a more apt descriptor of intelligence type.



4 “Smart” Practices: Machine Intelligence for Transforming … 55

Widespread integration of MI across learning environments may render the his-
toric distinctions between face-to-face (f2f) and distance education (DE)2 contexts
immaterial, with technology-introduced “distance” leveraged to enhance learning in
both contexts, aswe havewitnessedwith the trend towards blended learning.Many of
the benefits of f2f teaching and learning will be translated into virtual environments
across vast geographic distances through the integration ofMI,while the unique affor-
dances of DE (such as enhanced learner independence and self-direction) will remain
embedded (Dodgson and Gann 2017; Leopold 2017; Luckin 2016; Rizzotto 2017;
Simonson et al. 2012) These changes will advance simultaneously with broader sys-
temic changes, and shifts in institutional mandates towards digital resiliency3 (Weller
and Anderson 2013).

As education in the twenty-first century transitions to increased lifelong learning
(across formal, informal and workplace learning environments), a foreseeable tra-
jectory is that MI-powered ITS will become more integrated with other connected
systems as they become ubiquitous and ambient (Roll and Wylie 2016; Rizzotto
2017). We have begun to witness the widespread presence of both rudimentary and
sophisticated MI in our everyday interactions mediated by the Internet, and this will
expand in concert with the Internet of Things (IoT). Within teaching and learning
contexts, MI advancement and integration will focus on the development of more
sophisticated ITS, with intelligently designed en pointe learning analytics protocols.

4.2 Intelligent Tutoring Systems (ITS) as Teaching
Machines

The idea of ITS is not new, nor is the technology. From the 1940’s, Alan Turing and
other early innovators of computing systems envisioned these intelligent machines
would be used to teach humans, with personalized learning being a specific ped-
agogical affordance of the technology (Ferster 2014, 2017; Woolf 2010). Histor-
ically, development and implementation of intelligent tutoring systems (ITS) has
aimed towards mimicking or substituting for what has been considered the “gold
standard” in education: one-on-one learner–teacher interaction (Baker 2016; Fer-
ster 2014, 2017; Roll and Wylie 2016; Woolf 2010). This “gold standard” remains
a persistent challenge within distance education (DE) contexts, though recent ICT

2The traditional conception of “distance” refers to any separation between learner and teacherwithin
learning contexts (Simonson et al. 2012). While geographic distance is typical, virtual distance
(i.e. separation both created and mediated via digital networks) has proliferated, independent of
geographic distance, as face-to-face learning contexts have adopted blended learning via networked
technology (Garrison et al. 2010).
3Many institutions have invested in online learning for in-house education programmes, open edu-
cation initiatives, or partnered with massive open online course (MOOC) providers such as edX,
Coursera and Kahn Academy, as critical transitional steps towards digital resiliency (Mireles, n.d.;
Weller and Anderson 2013).
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advances have helped solve some of these challenges, enabling more direct learner–
teacher (and learner–learner) interaction (Garrison et al. 2010; Simonson et al. 2012;
Woods and Baker 2004). How might ITS build on this progress?

An important question that has shaped inquiry regarding the role of ITS and
MI in education and learning is, “Can machines teach?”, followed closely by the
question “Should machines teach?” (Ferster 2014, 2017). Challenges in answering
these questions may stem from the embedded assumption: “Can (should) machines
replace teachers?”. If we ignore this hidden question, and deal with the explicit
question alone, the answer is conceptually straightforward: Yes, machines can and
do (and, within the twenty-first century context, should) teach. Consider the question
from a basic behaviourist perspective: Working one-to-one with an ITS, a student
inputs an answer to the question or problem the ITSgenerates, and receives immediate
feedback from the ITS, which leads the student to modify their actions (Ferster 2014,
2017; Laurillard 2012). In this scenario, the teacher (and teacher intervention) is not
eliminated, but rather repositioned, and how the ITS is implemented will impact to
where (i.e. repositioned to what point in the learner-ITS-teacher interaction cycle)
(Laurillard 2012). The important question then becomes: “How can/shouldmachines
(ITS) teach?” (Baker 2016; Ferster 2014, 2017; Roll and Wylie 2016; Woolf 2010).

The basic concept is simple: ITS is meant to stand-in for direct one-to-one
learner–teacher interaction (the “gold standard”), providing proxy teacher interven-
tion through automated immediate feedback and scaffolding that is responsive to
the learner’s individual needs, capacity and pace, as the learner (typically) works
independently (Baker 2016; Ferster 2014, 2017; Roll and Wylie 2016; Woolf 2010).
ITS therefore has the potential to solve two persistent problems arising from the
industrial model of education: (1) learner–teacher ratios that do not enable consis-
tent one-to-one learner–teacher interaction; (2) reliance on a one-way knowledge
transfer (teacher to learner) format (Ferster 2014; Jonassen 1999; Mitrovic, n.d.).
Both problems shape teacher presence (per the Community of Inquiry framework)
and inhibit learning by limiting the frequency and processes of social interaction,
which social constructivism and situated cognition describes as the means through
which learners construct knowledge (Bredo 1994; Garrison et al. 2010; Jonassen
1999; Perera 2011; Simonson et al. 2012; Woolfolk et al. 2011). Historically, teacher
presence and interaction have been particularly challenging problems in distance
education (DE) contexts (Garrison et al. 2010; Simonson et al. 2012).

The implications of answering “Yes, machines can (should) teach” become more
salient when the goals for contemporary education are considered, along with expec-
tations for changing teacher roles within this new paradigm (Baker 2016; Ferster
2014, 2017; Roll and Wylie 2016; Woolf 2010). Roll and Wylie (2016) describe
learning outcomes shifting from product (i.e. domain knowledge) to process (e.g.
metacognition, critical thinking, self-regulation, collaboration, motivation), across
diverse formal and informal learning environments that people traverse throughout
their lifetime (p. 589). Rather than being the primary source of domain knowledge,
teachers take on a supportive role, guiding learners in constructing their own learning
(independently and/or collaboratively) through seeking, evaluating and synthesizing
knowledge from diverse sources (Roll and Wylie 2016; Siemens 2005). Amidst this
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new learner–teacher relationship, machines can serve as an intermediary source for
accessing domain knowledge, and as supportive tools helping teachers create/design
learning experiences to adapt to individual learner level (Baker 2016; Roll andWylie
2016).

ITS implementation has differed across countries and regions, however. Kronk
(2018) describes that while in North America, ITS serves a primarily supplemen-
tal/supportive role vis-à-vis the teacher, in China, ITS (with more sophisticated MI)
has taken over the teacher role completely in some cases. For instance, the ITS
LAIX (pronounced “Likes”), a new Chinese start-up for English language learning,
is completely teacher-free in its delivery (Kronk 2018).

Mitrovic (n.d.) describes that ITS applications facilitate communication and
knowledge construction, with a high degree of control situated within the hands of
the learner. In other words, ITS helps foster personalization and learner-centeredness
through learning tailored to individual learner differences; supporting motivation;
supporting self-direction; and pacing learning with individual learners’ capacity and
existing knowledge and skills (Ferster 2014, 2017; Laurillard 2012; Reigeluth and
Carr-Chellman 2009). Mitrovic (n.d., slide 11) identifies common ITS features that
foster learner-centeredness:

• Adaptive sequencing

• Adaptive problem generation

• Student diagnosis

• Adaptive feedback generation

• Fading of scaffolding

• Adaptive dialogue management.

The one-to-one interaction “gold standard” is clearly reflected in conventional ITS
structure, which embeds a student model comprising a qualitative rendering of the
individual learner’s persona (behaviour, emotions, existing skills and knowledge),
which informs how the ITS applies the domain model and tutoring model (Baker
2016; Brusilovsky 1999; Ferster 2014, 2017; Huang and Chen 2016; Mitrovic, n.d.;
Nye 2015; Roll and Wylie 2016).

Figure 4.1 provides a sense of how these three models intersect and are mutu-
ally informing. Ferster (2017, para. 12) describes that ITS contains “a semantically
connected conceptualization of the content to be taught, a way of knowing what
the learner does and doesn’t understand, and a delivery method that adapts that
instruction accordingly”. Figure 4.2 depicts this in application.

Applications of ITS align well with constructivism and the ideal of personalized
learning by leveraging technological affordance for integrating multi-model learning
objects and tasks (Perera 2011; Rizzotto 2017). For example, Shufti, an ITS devel-
oped at theUniversity ofAlberta inCanada, for students learning to identify lesions in
radiologic images, capitalizes on kinetic user input to foster the learner’s development
of both visual and psychomotor skills (Johnson and Zaiane 2012, 2017). The learner
is presented with a radiological image and moves either their finger or the curser
around the image on the screen to identify lesions. A virtual thermometer appearing
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Fig. 4.1 Conventional ITS structure (modified from Bourdeau & Grandbastien, 2010). Note
Domain Model = content knowledge; Student Model = compilation of data regarding student
behaviour, existing knowledge and skills, emotions, etc.; Tutoring Model = pedagogical strategies

Fig. 4.2 Typical ITS framework (The framework becomes more complicated with specific
approaches to modelling, such as constraint-based modelling (Bourdeau and Grandbastien 2010;
Brusilovsky 1999; Desmarais and Baker 2012; Huang and Chen 2016; MacLellan 2017; MacLellan
et al. 2015; Westerfield et al. 2015) (from Brusilovsky 1999, with modifications). Note We have
added the “Teacher/Design Team” element to Brusilovsky’s framework, to capture the shift towards
collaborative instructional design and how it may be positioned within the typical ITS framework
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on-screen adjacent to the radiologic image provides an adaptive visualization of the
learner’s identification accuracy: As the student’s finger or cursor gets closer to the
lesion in the image, the thermometer’s virtual mercury rises and approaches red on
the blue–red spectrum (red = warmer = closer; blue = colder = farther away). The
ITS prevents the learner from advancing to the next level in the activity, until the
learner has demonstrated mastery of the targeted identification skills at that level.
Not only does Shufti support the visual and psychomotor skills needed for working
with radiological images, but also enables students to gain experience using a tool
that is used in clinical practice4 (Johnson and Zaiane 2012, 2017).

Shufti is an example of technological and pedagogical integration that redefines
learning (per Puentedura’s SAMR5 model) (Puentedura 2014). In other words, Shufti
enables learning that would not be possiblewithout the use of the technology. Shufti’s
interface allows for authentic kinetic user input and is responsive to this input with
a sensitivity that no human teacher could achieve. This would be especially true in
a strictly DE context, wherein the teacher could not easily observe the minutia of
the student’s psychomotor skills as the student is working (Baker 2016; Johnson and
Zaiane 2012, 2017; Roll and Wylie 2016). Shufti demonstrates how the technolog-
ical affordances of learner–machine interaction via ITS can be leveraged to foster
constructivist learning.

However, as an application of MI, ITS in general have failed to leverage the affor-
dances of MI for constructivism in human learning, and, as Baker (2016), Ferster
(2014, 2017) and Woolf (2010) suggest, ITS have fallen short of their promise to
revolutionize education. These failures have little to do with the technological pos-
sibilities, and rather stem from limitations in how theory, pedagogy and imagination
have informed both ITS programming and implementation.

Figures 4.1 and 4.2 clearly reflect that the conventional ITS structure and imple-
mentation framework privileges domain knowledge, rather than focusing on the pro-
cess learning that Roll and Wylie (2016) describe as a critical goals for twenty-first
century education (discussed below).

In general, the focus has been on how ITS can promote learner-centredness and
enable personalized learning as solutions to the logistical challenges of one-to-one
learner–teacher interaction within the backdrop of the industrial education model
(Baker 2016; Ferster 2014, 2017; Roll andWylie 2016). However, this focus foments
a teacher-centred approach, with the embedded assumption that one-to-one learner–
teacher interaction is the “gold standard” (Baker 2016; Roll and Wylie 2016). As
ITS development and implementation move forward with more sophisticated appli-
cations of MI, this assumption must be abandoned, so that focus can be resituated to
how learner-ITS interaction might more fully support learning towards the twenty-
first century education goals that Roll and Wylie (2016, p. 508) identify: skills in

4Shufti2, the second iteration of this ITS, has been implemented in clinical settings and is utilized
for clinical diagnostics by radiologic imaging technicians and radiologists (Johnson and Zaiane
2012, 2017).
5Substitution → Augmentation → Modification → Redefinition.
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communication, metacognition, critical thinking, self-direction, motivation and col-
laboration. This will require changes in how ITS interacts with both teachers and
learners, and in how ITSmediates learner–teacher interaction. Roll andWylie (2016)
ask why would we limit ITS use to mimicking human teachers, when ITS can do in
learning contexts what humans cannot do?

4.3 It’s Time for Intelligent Tutors to Live up to Their
Promised Potential

ITS and MI have historically been intertwined, though to date, ITS has been slow to
leverage the affordances that MI offers. However, the 2018 New Media Consortium
Horizon Report for Higher Education (Becker et al. 2018) estimated a two-to-three
year time to adoption for adaptive learning technologies and MI, linking this to
expanding capacities for personalized learning. Complementing this, training tar-
gets around the world aim towards producing skilled MI programmers, as well as
supporting educators in gaining MI competencies (Baker 2016; Crowe et al. 2017;
Nye 2015). The time is right, and the opportunity is here, for ITS to be re-imagined.

4.4 Learning Outcomes and Pedagogical Competencies
for Emerging Learning Environments

Roll and Wylie (2016) assert that the following three areas should inform ITS
development, and ITS and pedagogical integration:

(1) Educational goals

To address the needs of twenty-first century learners and our global society, learn-
ing outcomes must transition from domain knowledge6 to adaptive process skills:
communication, critical thinking, metacognition, motivation, self-direction and col-
laboration (Roll and Wylie 2016, p. 589). New learning taxonomies and assessment
strategies must also be developed and implemented, to effectively evaluate these pro-
cess skills and to better enable assessment outside formal education environments
(Roll and Wiley 2016).

For instance, since much domain knowledge resides in databases and is instantly
accessible through connected devices (including mobile devices), learning and

6Roll andWylie (2016) note thatmuch of the ITS research conducted to date has focused on domain-
level learning, whereas research on motivation has been limited to measuring learner satisfaction,
rather than other aspects of motivation such as self-efficacy.
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assessment must support learners in developing skills for finding, evaluating,7 inter-
preting,8 synthesizing, sharing and using information when needed, rather than the
acquisition of factual knowledge (Floridi 2013, 2014; Roll andWylie 2016; Siemens
2005).

(2) Teacher/Facilitator (Classroom) Practices

Teacher competencies and education research must focus on how technology influ-
ences pedagogy, in concert with twenty-first century learning goals, including what
aspects of teaching may be replaced by technology. Pedagogy, across learning con-
texts, must place greater emphasis on experiential learning, focusing on authentic
learning content (e.g. everyday tasks and challenges), settings (e.g. at home, in the
workplace, in public spaces), multi-modal language (such as text, music and code),
and manner (learner and peer actions and interaction) (Floridi 2013, 2014; Roll and
Wylie 2016).

In conjunctionwith this, Roll andWylie (2016) suggest the complexity of learning
activities and assignments must also increase, to include problem-based learning,
collective knowledge construction, information seeking and technology/information
literacy. This shift will require teachers to attain new pedagogical competencies,
including facilitation (rather than domain knowledge transfer), interpersonal skills
(e.g. emotion-based responses), intuition, digital skills and collaborative skills for
working as part of instructional design teamsorworking collaborativelywith students
(Floridi 2013, 2014; Mitrovic, n.d.; Roll and Wylie 2016; Siemens 2005).

(3) Environments

Roll and Wylie (2016) describe two dimensions relating to learning environments:
First is the technology ecosystem, which embeds multiple spaces (contexts) that both
learners and teachersmove across in their everyday lives. Pedagogymust shape learn-
ing to parallel “organic” technology-mediated processes, fostering digital literacy
that is relevant across the ecosystem.

Second is technological affordance for context awareness and novel forms of
(collaborative) learning engagement (Roll andWylie 2016). As an example, Roll and
Wylie (2016) describe mobile device sensors (such as GPS) and novel input devices
(such as cameras), which can foster direct interaction among learners as they move
within distal contexts. In this example, an ITS could analyse how learners interact and
how devices interact, and either directly adapt tasks to foster collaborative learning,
or report to the teacher who would then provide design intervention (Baker 2016;
Roll and Wylie 2016, p. 594).

A takeaway from the above is that social constructivism is enhanced through sup-
port/guidance, and that appropriate support/guidance for twenty-first century learn-
ing entails a partnership between teacher and machine (Baker 2016; Roll and Wylie
2016).

7Including the ability to evaluate knowledge half-life (Siemens 2005).
8Including multimodal interpretation (Floridi 2013, 2014).
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Compared to traditional f2f contexts, distance learning has historically required
a higher degree of learner independence, due to the inherent separation between
learner and teacher (Simonson et al. 2012). Within contemporary distance learn-
ing contexts, the process skills that Roll and Wylie (2016) identify, and technol-
ogy literacy in general, are iteratively constructed as learners engage in learning
activities, synchronously and asynchronously, independently and collaboratively
(Floridi 2013, 2014). Crowe et al. (2017) point to both curriculum and adminis-
trative teacher/developer task support as an important benefit that ITS may offer for
DE contexts.

4.5 Moving Practice Forward: Learning Analytics & ITS
Reporting to Leverage Human Intelligence

Baker (2016) argues that intelligent machines should not be the end-goal of
technological advancement in education:

Perhaps instead what we need, what we are already developing, is stupid tutoring sys-
tems. Tutors that do not, themselves, behave very intelligently. But tutors that are designed
intelligently, and that leverage human intelligence. (p. 603)

In other words, Baker envisions intelligence amplification, whereby human
decision-making is informed by machine-mediated data mining and learning ana-
lytics (Baker 2016; Siemens 2013; Siemens and Baker 2012; Sin and Muthu 2015).
The idea is that, rather than designing sophisticated machines that embed complex
student modelling that automates personalized learning (see Fig. 4.1), the machines
are instead designed as tools that intelligently collect and report complex data to
humans for analysis, to inform instructional design and teacher intervention.

Baker (2016) notes that ITS has unique affordances that could facilitate this
approach, within both f2f and DE contexts, such as the ability to report to multi-
ple human decision-makers simultaneously; and the ability to report to teachers in
real-time, so that teachers can immediately implement interventions.

One implication is that ITS development focus on intelligent system design that
aids human decision-makers to identify when intervention is needed, what interven-
tion is needed, how to implement the intervention, and why the intervention works
(Baker 2016). Designing systems that capture the richest possible data from learn-
ers, to inform teachers, instructional designers, etc., would be one aspect of this. The
critical point here is that decision-making is situated within the hands of a human,
rather than being an automated solution determined by the ITS (Baker 2016).

Baker (2016) points to the ASSISTments ITS as an example where this itera-
tive approach has been successful in supporting personalized learning and learner
achievement. Teachers receive daily reports summarizing data drawn from student
work during the previous day (such as frequent A/B tests, which Baker describes
serve asmini randomized control trials), anduse this data to tailor subsequent learning
content and activities (Baker 2016).
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The impetus for exploring a different trajectory for ITS development and
implementation stems from a number of observations of current ITS limitations:

• MI in facilitating learner-ITS interaction has not been as robust as anticipated;
• ITS has not been effectively trialed in semantically complex subjects, such as
English or history;

• ITS privileges domain knowledge;
• ITS does not yet integrate easily with learning management systems, because the
programming requires specific technical expertise;

• ITS development is labour-intensive; and,
• Automated systems (and interventions) tend to be brittle (Baker 2016; Ferster
2014, 2017; Nye 2015; Roll and Wylie 2016).

Roll and Wylie (2016) describe that:

Presently, [ITS] developers develop their own content. One rare exception is ASSISTments,
which uses homework assignments from existing textbooks. However, this is very labour
intensive. In addition, this effort is decontextualized by nature and harder to adapt and adopt.
Instead, we suggest to build [ITS] that operates as a shell or an envelope for existing learning
objects. (p. 594)

Roll and Wylie (2016) suggest these existing learning objects might include open
content from MOOCs, Wikipedia, open educational resources (OER) repositories,
browser add-ons, and open assessment tools. Baker (2016) contends this approach
might help with system scalability, something that has been problematic for systems
that embed complex structural models.

Both system complexity and lack of openness are aspects that contribute to
automated ITS being brittle (Baker 2016). Baker (2016) describes that:

[A]n automated system cannot recognize when amodel is clearly wrong; and if an automated
intervention is not working, it is difficult for the system to recognize and correct for this.
(p. 607)

and,

[S]tudents change over time; automated systems need to be checked and revised over time.
(p. 608)

Baker (2016) points out that humans are flexible, however; and suggests that ITS
be designed to foster a human–machine partnership leveraging the affordances of
each: “What humans cannot do is sift through large amounts of data quickly, but,
once informed, can respond quickly” (p. 608).

4.6 How Can (Should) ITS Teach? New Pedagogies for New
Types of Interaction

There is a critical disconnect between ITS development/implementation and con-
temporary learning theory. Although existing ITS has been effective in supporting
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personalized learning, acquisition of domain knowledge has remained privileged
as a primary learning outcome, and this is clearly reflected in the conventional ITS
model-based structure (Fig. 4.1) and application framework (Fig. 4.2). This structure
is consistent with constructionism, in which knowledge is individually constructed
through a learner’s interaction with their prior experience, and with constructivism,
in which knowledge is individually constructed through a learner’s interaction with
their environment (Jonassen 1999; Perera 2011). However, in focusing on the indi-
vidual, ITS structures to date have been inconsistent with (1) social constructivism,
in which learning is a collaborative process wherein individuals construct knowledge
through interacting with others’ experience as part of the learning environment; and,
(2) situated cognition, in which knowledge is linked to action and specific context
that is constituted through interaction with others (Bredo 1994; Jonassen 1999; Per-
era 2011). It is collaborative environments that both Baker (2016) and Roll andWylie
(2016) envision for the future of ITS for both learners and teachers, to address the
process learning that is critical for the goals of twenty-first century education (Baker
2016; Roll and Wylie 2016).

Laurillard (2012) describes teaching as a design science, an approach that is
particularly appropriate for technology-mediated learning environments. The idea is
for a teacher-design team to design learning experiences (leveraging the affordances
of media/technology, matched to task and learning outcome) that enable the iterative
cycles of interaction and knowledge construction/modification depicted in Fig. 4.3,
with teacher intervention inserted at regular points in the cycle. Although learner–
teacher interaction is not direct, teacher presence nonetheless remains present. Of

Fig. 4.3 Laurillard’s Conversational Framework (from Laurillard 2012)
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Fig. 4.4 Conventional ITS framework mapped to Laurillard’s (2012) Conversational Framework

note, this framework also encompasses interactionwith other learners and interaction
with technology.

The ITS framework depicted in Fig. 4.4 centralizes interaction in a way that is
consistent with both social constructivism and situated cognition, embedding the
process skills that are relevant to twenty-first century education and lifelong learn-
ing (Bredo 1994; Jonassen 1999; Perera 2011; Roll and Wylie 2016). However,
expanding on Laurillard’s (2012) Conversation Framework, Fig. 4.4 depicts how
knowledge is constructed through interaction with both others and with machines,
wherein machines contribute to the creation of context/environment when they are
incorporated into the learning experience. In other words, machines become part
of the “social” environment and contribute to learners’ collective and individual
knowledge construction.

Approaching ITS development and implementation from this perspective may be
particularly important for DE contexts, wherein immediacy and teacher presence
might be enhanced through aspects of ITS design premised on the iterative cycles of
interaction andknowledge constructiondepicted inFigs. 4.3 and4.4:Learner–teacher
and learner–learner interaction may not need to be direct, if learner-ITS interaction
is able to provide a collective environment comprising all (Garrison et al. 2010;
Laurillard 2012; Simonson et al. 2012). Distance, therefore, may not be the barrier it
once was in DE, and may actually represent an enhancement that f2f contexts adopt
through implementing ITS, if richer environments are able to be created through the
use of technology.
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Another shortcoming of conventional ITS structure is thatmost application frame-
works privilege technical components, and omit the collaborative teacher/design
team component, which is added to Fig. 4.2. The addition of this teacher/design
team component to Fig. 4.2 is a simple way to help developers re-imagine ITS
possibilities for teaching and learning, providing a vision of where human decision-
makers might be integrated within learner-ITS interaction, in line with Baker (2016)
and Roll and Wylie (2016). Baker (2016) goes so far as to envision ITS that embeds
intelligent automated supports for teachers, aggregating best practice guidelines or
crowd-sourced recommendations, and flagging these to teachers when deviation is
detected.

4.7 Some Cautionary Reflections

Britain’s industrial revolution between the 1700s and 1900s saw technological and
industrial advancements that rapidly moved human development (economic and oth-
erwise) forward, while at the same time creating new dimensions of social disenfran-
chisement and human suffering (Industrial Revolution Industrial Revolution 2018).
Advances in MI have brought us to the precipice of our next techno-industrial leap
promising revolutionary changes to the human condition, but with perhaps even
greater potential for human tragedy (as technology invades further into private,
personal spheres) if we are not mindful and purposeful as we proceed.

4.8 Threats to Personal Freedoms

Our initial experiences with the scale and spread of Internet ventures powered by
machine-mediated data mining andMI have provided society with some experiential
learning on the kind of threats to privacy that data mining poses. With the student
model continuing as a critical programming structure enabling ITS MI to support
personalized learning, and with learning analytics feeding into this, ITS will have
the capacity to embed an increasingly detailed psychological profile of the student,
including reflections of the student’s private thoughts (Pardo and Siemens 2014;
Rizzotto 2017; Slade and Prinsloo 2013).

Aside from obvious issues regarding data security, protection of and access to
personal information, andhow theuse of personal informationmay impact the person,
important issues relating to new types of learner–teacher interaction may arise from
ITS MI advancement. For instance, what potential is there for the creation of (new)
hierarchy within the learner–teacher relationship, privileging the teacher who has
access to the student’s detailed psychological profile? (Buckreus 2018). And how
might this hierarchy influence student engagement in terms of social presence? For
instance, how might an environment of surveillance influence student motivation?
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Haridy (2018) describes how social presence is impacted in one f2f Chinese
classroom where an MI-enabled device is used for behaviour management. The
device scans the room every 30 seconds, and records and provides metrics to the
teacher, which may be used to inform intervention. One student from this classroom
describes his experience:

Previously when I had classes that I didn’t like very much, I would be lazy and maybe take
a nap on the desk or flick through other textbooks. But I don’t dare be distracted since the
cameras were installed in the classrooms. It’s like a pair of mystery eyes are constantly
watching me. (Haridy 2018, para. 5)

It is easy to envision how surveillance strategies like this could support teacher
responsiveness and personalized learning overall, especially in distance learning
contexts. However, the student quote above reminds us that, as MI development
and implementation proceeds, we must be mindful of potential costs that may end
up counteracting our benevolent purpose (Pardo and Siemens 2014; Rizzotto 2017;
Slade and Prinsloo 2013). The example described here demonstrates how ITS MI
privileges extrinsic motivation, and has encouraged the student towards less-than-
authentic social presence (Haridy 2018; Garrison et al. 2010).

4.9 Threats to Meta-skills and Metacognition

Siemens’ (2005) connectivism framework emerged to account for learning relating to
new meta-skills that are relevant to our current and future information-based global
society. These meta-skills include:

• delineating patterns and connections within a mass of technology-mediated knowledge
that is rapidly changing/increasing and only tenuously under the learner’s control;

• evaluating the value of content (i.e. whether information/knowledge is worth being
learned); and

• determining when and what knowledge should be retired and replaced with updated
knowledge (the meta-skill of unlearning obsolete knowledge). (Buckreus 2014, para. 3)

As described above, the goals of education overall are shifting towards commu-
nication, critical thinking, self-regulation and metacognition, all of which align with
connectivism (Roll and Wylie 2016; Siemens 2005). One support that MI offers is
the ability to scrub the Internet to aggregate and tailor content to match individual
learner needs, a time-saving affordance for both learner and teacher. (This integrated
capacity could be especially supportive for DE learners, who may not have easy
access to traditional institutional supports, such as subject matter librarians.)

An important meta-skill for our current and future information-based society—
across learning, workplace and personal contexts—will be learning how to use MI-
enabled machines to perform these tasks for us (Siemens 2005; Rizzotto 2017).
However, fostering development of this meta-skill in the learner, without attending
also to the development of curatorial and evaluative meta-skills, may pose a risk to
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metacognitive development by situating too much of the strategic decision-making
in the virtual hands of a machine (Floridi 2014; Siemens 2005). If the MI revolution
is to position us, as members of society, to take on more strategic roles vis-à-vis
machines, as Rizzotto (2017) describes, then one scenario might be an ITS MI that
scrubs digital content and reports options to the learner, but with decision-making
left to the learner regarding what content to select to best match their task-at-hand
and learning goals (a process that itself could become a loci for skills assessment).
However, it will be ideal if the machine can be taught how to select genuine and
appropriate learning materials and strategies to match the level of the learner.

4.10 Threats to Digital and Educational Equity

DE and mobile learning (mLearning) in particular have supported critical education
gains in developing nations/regions, and ITSMI offers great potential for this trajec-
tory continuing, with “the right” implementation strategies informed by diverse user
contexts, and the use or creation of flexible and modifiable platforms (Nye 2015).

In a recent systematic review,Nye (2015) reported that themajority of ITS research
has focused on developed regions (Europe and North America) and on computer-
based interfaces. Research bias, such as this, informing ITS development and privi-
leging the already privileged, could neutralize the gains towards equity that DE and
mLearning have fostered (Nye 2015). Not only could developing regions be excluded
from access to important technological advances, but also from the twenty-first cen-
tury learning these technologies support (Nye 2015; Roll and Wylie 2016). Broader
ramifications could include reducing developing regions’ hard-won competitiveness
within the global economy. A caveat to this is that technological and socioeconomic
inequities persist even within developed regions,9 which DE and mLearning could
play a critical role in addressing.

ITS and MI research and development must proceed, informed by equity as a
constitutive goal. In doing so, not only might worldwide digital and educational
inequity be addressed (for common socioeconomic benefit), but technological and
pedagogical innovationsmay be discovered that are relevant for learners in developed
and developing regions alike (Nye 2015).

4.11 Conclusion

The future ofMI and ITS in educationwillmove towardsmore integration in the Inter-
net of Things era with connected digital systems, offering new affordances for both
learner and teacher, and leveraging new types of technology-mediated relationships
that enhance immediacy and teacher presence to support learning. Development will

9e.g. First Nations and Inuit communities in Canada.
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need to address the process skills relevant to twenty-first century education, within
more personalized learning contexts. Learning analytics will aid in this personaliza-
tion and will influence teacher roles relative to ITS and MI, supporting teachers in
decision-making by collecting and reporting on data that teachers otherwise would
not be able to (efficiently) access. With the use of neural networks and deep learning
technology, machines will be able learn as they interact with learners to adapt the
learning for individual learners. There will be a shift from designing “learning for
all” to designing “learning for you”.

Though conventional ITS structure and implementation to date has largely focused
on constructivist learning (conceiving of knowledge construction centred on the indi-
vidual), shifting to target the process skills comprising twenty-first century education
goals will move ITS development more towards social constructivism and situated
cognition, which emphasize interaction as the means for knowledge construction.
Coinciding with this shift, MI will take on an expanded role as a social actor in
learning interactions, vis-à-vis learners and teachers.

In DE contexts in particular, newMI-powered technologies that foster interaction
with fidelity, and that create richer experiential learning environments, will help
mitigate the impact of separation between learner and teacher, rending the distinctions
between f2f and DE contexts immaterial.

Glossary of Terms

Machine Intelligence (MI) Non-human intelligence, primarily residing in
computer-based systems.

Artificial Intelligence (AI) See: Machine Intelligence.
Intelligent tutoring system(s) (ITS) A computer-based agent utilized for deliver-

ing personalized learning.
Learning analytics Indicators of the learner’s progress towards learning objec-

tives/outcomes, aggregated from micro-phenomena data observed/collected
(usually by a computer-based technology) about the learner’s activities and
context, then analysed and reported to support responsive instruction and
personalized learning.

Social presence Per the Community of Inquiry framework, the degree of authen-
ticity in the online identity a user creates and utilizes in online interac-
tions towards developing relationships and identifying with the community.

Twenty-first century learning/teaching/education Learning, teaching and educa-
tion comprising skills and knowledge necessary for learning, working and living
in an information-based society and emerging technology era.

Personalized learning Learning (including environments, tasks/activities, objec-
tives/outcomes, content and pedagogy) adapted to the needs, strengths, capacity
and pace of the individual learner.
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Responsive instruction For the purpose of delivering personalized learning, ped-
agogy that adapts in response to indicators regarding the individual learner’s
progress towards learning objectives/outcomes.

Digital resiliency An institution’s or organization’s capacity to adapt to compete
within twenty-first century’s digital economies and environments.

mLearning Learning engagement via networked mobile device interfaces.
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Chapter 5
More Than a MOOC—Seven Learning
and Teaching Scenarios to Use MOOCs
in Higher Education and Beyond

Martin Ebner , Sandra Schön and Clarissa Braun

Abstract Since 2010, Massive Open Online Courses (MOOCs) have been one of
the most discussed and researched topics in the area of educational technology. Due
to their open nature such courses attract thousands of learners worldwide and more
andmore higher education institutions begin to produce their ownMOOCs. Even the
(international) press is full of reports and articles of how MOOCs can revolutionize
education. In this chapter, we will take a look from a meta-level. After years of
experiences with different MOOCs, we recognize that many MOOCs are used in
different ways by teachers, lecturers, trainers and learners. So, there are different
learning and teaching scenarios in the background often not visible to the broader
public. Therefore, we like to address the following research question: “How can
MOOCs be used in Higher Education learning and teaching scenarios and beyond?”
In the study, the authors will focus on the seven identified scenarios how particular
MOOCs were used for teaching and learning and therefore illustrate, that a MOOC
can be “more than a MOOC”. MOOCs are one of the key drivers for open education
using Open Educational Resources. The use of open licenses for MOOC resources
are the mechanism for potential innovations in learning and teachings scenarios.

Keywords MOOC · Inverse blended learning · Online learning · Curriculum ·
Flipped classroom

5.1 Introduction

Massive Open Online Courses, short MOOCs, are well known for many years and
is an important part of the research area of Technology Enhanced Learning. More
than 8 years ago, George Siemens and Stephen Downes started their first online
course on open global online learning (McAuley et al. 2010; Perry 2010). Just a
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couple of months later, famous universities like Stanford, Harvard or MIT attracted
thousands of learners all over the world with theirMOOCs on theirMOOC platforms
(Carson andSchmidt 2012). In 2012wecelebrated the “Year of theMOOC” (Pappano
2012). Due to Sebastian Thrun,who attractedmore than 160,000 participantswith his
course on Artificial Intelligence in the summer of 2011, MOOCs gained attention
and got wide publicity (Fred 2012). Since then an online course with more than
150 participants (Dunbar number) was called MOOC if the crucial elements were
fulfilled: The course must be open to anyone, online accessible and finally presented
within a course framework (start- and end-time of the course, weekly new content,
etc.).

In parallel, a lot of studies were carried out on how to improve online courses as
well as the learning process (Khalil and Ebner 2016a, b). Especially the phenomena
of a high drop-out rate was an issue and got more understandable (Jordan 2013;
Khalil and Ebner 2014). In recent years, the topic “Learning Analytics andMOOCs”
was one of the most investigated ones, due to the MOOCs’ nature dealing with a
huge amount of data (Leitner et al. 2017).

In this chapter, we like to go a step further and take a look from ameta-level. After
more than 5 years of experience in development and implementation of MOOCs as
well asMOOCplatformprovider,we sawdifferent stories behindMOOCsandhelped
to carry out different learning and teaching scenarios. We realized that MOOCs are
in many cases not only used as online resource. We have as well recognized that a
single MOOC is often used in different scenarios by teachers, trainers, lecturers as
well learners. Nevertheless, most of these scenarios are not very visible or transparent
from the public perspective, as, e.g., the participation on that learning and teaching
approach is not open to all. Therefore, we like to address the following research
question: “How can MOOCs be used in Higher Education and beyond?”. In the
study, we will focus on learning and teaching scenarios on how particular MOOCs
were used for teaching and learning and we will then give practical insights and
outcomes.

5.2 iMooX—a MOOC Platform

iMooX is the first and until now the only MOOC platform in Austria. It was founded
in 2014 by the University of Graz and Graz University of Technology aim to bring
online courses to a broad public (Kopp and Ebner 2015).

Figure 5.1 is a screenshot of the actual start screen of the platform iMooX. Cur-
rently, about 50 different courses are available with a broad range of topics. Fur-
thermore, more than 15 universities as well as three federal ministries in the area of
German speaking countries in middle Europe are associate partners of the platform.

It is important to note that every course on iMooX uses Open Educational
Resources explicitly, so, each single learning object holds open licenses (creative
commons) (Ebner et al. 2016a). In contrast to other big MOOC platforms like Udac-
ity or edX, iMooX interprets “open” in the sense of offering Open Education based
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Fig. 5.1 iMooX—Austrian wide MOOC platform

on open-licensed learning objects and also does not delete or hide an ended course.
So, each course is also available after its run for self-paced learning.

Each MOOC on iMooX follows more a less the same structure:

• Each MOOC is offered by a number of weekly sections. Usually, a MOOC lasts
6–10 weeks typically.

• The main content of each MOOC consists of a number of learning videos. At least
one per week, often more than two.

• Each MOOC offers additional learning content (presentations, documents or
hyperlinks) for in-depth study.

• Each MOOC holds a discussion forum for the exchange between presenters and
students or students and students.

• Finally, each MOOC has a self-assessment for each section. If those are done with
a success rate of at least 75% for each assessment the learner gets a certificate
for the whole course. Additionally, in each week so-called badges can be earned
(Kopp and Ebner 2017).
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It can be summarized, that iMooX offers so-called xMOOCs extensively for years
now and gathered a lot of experiences to implement MOOCs for a broad public in
the sense of Open Education (Neuböck et al. 2015).

5.3 Research Design

In this research study, we are following a heuristic approach. We have examined all
offeredMOOCsdone on iMooXsince 2010by conducting interviewswith 11MOOC
experts, which also include instructional designers and platform providers as well
as the corresponding lecturers in winter 2018/2019. We asked them how they finally
integrated the MOOC within the corresponding curriculum and learning setting. We
also examined how they embedded the MOOC in their daily teaching practice and
how the MOOC was integrated. Afterwards, we clustered the examples and carried
out a typology of seven different learning and teaching scenarios of MOOCs.

5.4 Typology of Learning and Teaching Scenarios
with MOOCs

As a result of the conducted interviews, we clustered the possible ways howMOOCs
were used and tried to get an overall approach. In summary, we found seven different
ways to use MOOCs for teaching and learning. We, therefore, identified several
features we used to distinguish diverse types, as face-to-face phases, MOOC or LMS
usage and final assessment.We used these as well in our visualization of the different
learning and teaching scenarios: Fig. 5.2 points out the legend for the following seven
MOOC types.

For every MOOC type, we visualized a start and endpoint of the MOOC. Fur-
thermore, any face-to-face part is pointed out as well as optional assessments to get
credits for the course. “Forum: A/P” indicates either an active discussion forum in
whichMOOCparticipants are explicitly requested to post something in it or a passive
forum which is only offered if learners have questions or comments on the course.

Fig. 5.2 Legend for MOOC
types
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Fig. 5.3 The conventional
MOOC

MOOC is the abbreviation for Massive Open Online Course and LMS stands for
Learning Management System.

Type 1: The conventional MOOC

The first type of MOOC is a conventional one. It is an online course which reaches
a massive amount of people. There is no further face-to-face interaction and often
only mere online tutoring in the background (see Fig. 5.3). Sometimes, a face-to-face
assessment is offered to get formal credits for the course. Due to the online nature
of these courses, many learners can be found there, in other words, the course is
characterized by thousands of learners worldwide.

A sampleMOOC for the conventional type on the iMooX platform is for example
“Pocket Code”. This MOOC should help children between the age of 10–14 years
to learn how to program a first game on their smartphones. The course itself is—as
far we know—typically used completely online and it took 5 weeks in total to finish
it (Grandl et al. 2018).

Type 2: The Pre-MOOC

In type 2, the pre-MOOC scenario, the MOOC starts and ends before the face-to-
face education. This type of MOOC is used when students (or other learners) need
to have some prior knowledge. This makes it easier for the lecturer to work with
them in the face-to-face session (see Fig. 5.4). In some cases, there was an additional
assessment before the face-to-face interaction and in some cases the lecturer decided
to administer the assessment after the face-to-face session.

A sample MOOC on the iMooX platform is the “eMOOCs pre-conference
MOOC”. Here, a new concept for enhancing discussions at a scientific conference
was introduced. The “best-paper-awarded” participants were asked to provide a short

Fig. 5.4 The Pre-MOOC
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Fig. 5.5 The blended MOOC

video (about 10–15 min long) showing their results. Before the conference started,
the videos and additional documents were provided. This concept was then sent
out as a pre-conference MOOC. At the conference, a discussion session was given
instead of classic paper presentation session.

Type 3: The Blended MOOC

The third type of MOOC follows the typical Blended Learning approach, therefore,
we name it “Blended MOOC”. It starts with a face-to-face meeting mainly to intro-
duce learners to each other and is directly followed by a MOOC part. In the middle
of the course, another face-to-face interaction takes place, followed by the second
part of the MOOC. The whole learning scenario finishes with the final face-to-face
session with an optional assessment in the end (see Fig. 5.5).

A sampleMOOCon the iMooXplatform is “Climbingwith 360° videos” (original
title in German: “Klettern mit 360° Videos”). This lecture followed the traditional
Blended Learning concept. Students get theoretical skills via video at home and are
now prepared for on-site training. Every week they went to the climbing hall and
trained face-to-face with their teacher at the climbing wall. Students gave very good
feedback on the MOOC arrangement: they stated that they had more time to practice
climbing right at the wall because they have already done the theoretical parts online
(Gänsluckner et al. 2017).

Type 4: The In-Between MOOC

The In-Between MOOC can be seen as a special form of the Blended MOOC, with
the MOOC as only online phase (see Fig. 5.6). This type seems to be used very often
in the area of continuing education.

Fig. 5.6 The in-between MOOC



5 More Than a MOOC—Seven Learning and Teaching Scenarios … 81

Fig. 5.7 The
inverse-blended MOOC

Sample MOOC on the iMooX platform is “E-Learning & Law” (original title in
German “E-Learning & Recht”) where students got an offline introduction session
on the topic for about 8 h. Afterwards they had to do the MOOC and also complete
the self-assessment with additional exercises. A final presentation of their results was
provided two weeks after the end of the MOOC.

Type 5: The Inverse-Blended MOOC

The Inverse-Blended-Learning MOOC is following the design approach of “Inverse
Blended Learning” (IBL) which is the opposite of Blended Learning. Instead of
enhanced face-to-face education with online events, IBL enriches online course
with face-to-face meetings by offering additional offline learning events on a regu-
lar basis. The offline sessions are not arranged like typical classroom lessons (see
Fig. 5.7). They should be a place for exchanging learned issues during the MOOC.
This approach should help so that learners can get guided training sessions to reflect
on their knowledge and skills. Typically, these sessions are held offline in very small
groups all over the world. In some cases, learners also used online webinar tools to
participate in these “offline”—sessions.

A sample MOOC on the iMooX platform is “AEmooc—a digital tool for train-
ers in adult education” (original title in German “EBmooc—Digitale Werkzeuge
für ErwachsenenbildnerInnen”). In this case, more than 40 different accompanying
offline learning events were offered at different locations in German-speaking areas.
The events differ arbitrarily in frequency (from weekly to occasionally), in duration
(from half an hour up to two hours), in costs (5-299e) as well as in terms of content
(from repetition to reflection of the content) (Ebner et al. 2017).

Type 6: The Flipped MOOC

The Flipped MOOC mainly follows the teaching scenario of flipped or inverted
classroom (Li et al. 2015). Students study the content of the lecture at home by
regularly using aMOOC as learning tool. After watching the videos, they come back
to class for discussions, practical examples, and exercises. A final examination can
be done if necessary (see Fig. 5.8). The Flipped MOOC could as well be seen as a
variation of Type 3, a blended MOOC, with a focus on a special didactical approach:
the MOOC is used for sharing knowledge to get room and time to apply, train or
discuss these within the face-to-face meetings. Nevertheless, we see not so clear
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Fig. 5.8 The flipped MOOC

offline and online phases for Flipped MOOCs, as typically MOOC and face-to-face
settings are used as parallel offers and not phases.

A Sample MOOC on the iMooX platform is the MOOC “Entrepreneurship for
Engineers”. Therefore, the lecture content was prepared by using videos in presen-
tation style as well as interviews with experts. Students watched the whole MOOC
at home and came to class every week to discuss their personal experiences with the
lecturer, asking questions or giving feedback.

Type 7: The Lecture MOOC

This last MOOC typology is typically used in university lectures, where the MOOC
itself is used as the online resource and a second system for the tasks. In order to
get grades, the students have to do tasks which they also find online. Sometimes the
MOOC is interrupted with face-to-face events and if necessary there can be a final
examination at the end (see Fig. 5.9).

A sample MOOC on the iMooX platform is “Social Aspects of Information tech-
nology” (original title in German “Gesellschaftliche Aspekte der Informationstech-
nologie”). In this lecture, a MOOC was done by providing interviews with experts
as MOOC content on a weekly basis. The students watched the videos for 10 weeks
and wrote short essays about the MOOC’s topics in parallel with it. The essays have
been uploaded to the university-wide learning management system. Here, the whole
lecture description, a discussion forums, and further support have been given to the
students for further studies. In the end, students also had to upload the final certificate
which verifies successful participation in the MOOC. The final grades were given

Fig. 5.9 The lecture MOOC
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by additionally grading the essays. Typically, this scenario of a MOOC only works
for students at a particular university, where they are currently enrolled. Of course,
external participants can use the MOOC in the conventional mode (type 1).

5.5 Summary and Discussion

Within this contribution, we presented a typology of MOOC integration in current
educational scenarios from higher education and beyond. We, therefore, identified
the following seven types

• Type 1: The conventional MOOC—a purely online course for many users
• Type 2: The Pre-MOOC—an online course as preparation for the following
learning event

• Type 3: The Blended MOOC—a MOOC that is integrated in-between several
face-to-face learning events

• Type 4: The In-Between MOOC—is a special form of type 3, where the MOOC
is in-between two face-to-face-events

• Type 5: The Inverse-Blended MOOC—a type of MOOC which is enriched by
face-to-face meetings and events

• Type 6: The Flipped MOOC—a MOOC is used to flipped/inverted classroom
concept: theMOOCprepares parallel for the face-to-face phaseswhich are focused
to discuss, train or apply knowledge

• Type 7: The Lecture MOOC—is accompanied by online activities in the LMS of
an educational organization, which allows, e.g., additional non-public discussions
and tests.

Of course, this new typology of MOOC application in educational scenarios is
only a description of all potential usages. We see, for example, in several of the types
the face-to-face meeting could be as well organized as an online meeting for a certain
group (for example, in an LMS.). But we tried to focus to develop an overview of
types, which does not describe any potential application but describes typical (new)
usages of MOOCs in learning and teaching scenarios. This includes the possibility
of needed changes and adaption of this typology in the future.

In summary, we as well provided insights and examples that MOOCs are not only
and always conventional MOOC, even if there is no obvious different scenario or
integration in higher education (or other educational sectors) visible at a first sight
(e.g., the MOOC platform). So, we showed that a MOOC is in many cases “more
than a MOOC”.
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5.6 Conclusion

Toput it in otherwords,we learned that the lecturers use theMOOCs inmanydifferent
ways and situations. This brings flexibility in their teaching because different learning
scenarios with different learning and teaching scenarios, e.g., Flipped Classroom,
Inverse Blended Learning, can be used. Can MOOCs be seen as drivers to innovate
learning and teaching scenarios?

For us, this is a very obvious thing. The existence of these open andpublic available
offers allows a lot of other usages as well as integrations in educational settings—
even with the same MOOC, e.g., by several organizations such as universities) or
within several branches (e.g., adult education as well as higher education) and within
several scenarios (e.g., as in-between MOOC and pre-MOOC).

MOOCs should, therefore, not only be reduced as online available course materi-
als, as theMOOCaswell have the feature of a public available resource. EachMOOC
is available to the general public which is a nice add-on for learners. MOOCs allow
for discussions which have the potential for more perspectives, including interna-
tional perspectives or interdisciplinary exchanges. This is an interesting feature for
the presenter/facilitator and the hosting organization as well. If a lecturer wants to
spread her/his knowledge a MOOC allows a very fast knowledge transfer from uni-
versity to those who are interested in it. When we think about the European Bologna
process and the idea to guarantee a fast and uncomplicated exchange of students,
MOOCs will be highly enabling for this transfer. In a whitepaper about “Digital
Bologna”, MOOCs are playing an important role there.

iMoox’ Open Educational Resources approach is such an enabler for many of
new scenarios, especially if they are not provided by the original MOOC developers
(and copyright holders). The open licenses allow to reuse any content anywhere. We
saw that with more or less the same content different MOOC usages were provided.
So, OER can be seen as a motor for the development of this (and potential future)
new scenarios in higher education (see Ebner et al. 2016b).

It can be summarized that MOOCs have a very high potential to assist not only
mere online learning situations but also to assist amixbetween face-to-face andonline
learning scenarios. If the content is also available as Open Educational Resources,
the exchange between other institutions and usage of external organization becomes
rather simple and legal—OER works as motor. MOOCs can be a great driver for
open education in a long run.
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Glossary of Terms

MOOC massive open online course: a course of study offered over the Internet
which is free and has a very large number of participants.

Inverse Blended Learning (IBL) Instead of enhanced face-to-face education with
online events, as in Blended Learning, IBL enriches online course with face-to-
face meetings by offering additional offline learning events on a regular basis.

Flipped Classroom is an instructional strategy and a type of blended learning that
reverses the traditional learning environment by delivering instructional content,
often online, outside of the classroom. It moves activities, including those that
may have traditionally been considered homework, into the classroom.

OER Open Educational Resources are teaching, learning and research materials in
any medium—digital or otherwise—that reside in the public domain or have
been released under an open license that permits no-cost access, use, adaptation
and redistribution by others with no or limited restrictions.

Pocket Code is learning tool for kids and teens aged from 10 to 17 to playfully
discover how programming works. They can for example program their first
own games interactive music videos, animations or other apps.
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Chapter 6
An Emergent Pedagogical Framework
for Integrating Emergent Technologies
into Curriculum Design

Norine Wark and Mohamed Ally

Abstract The current educational climate is in a state of flux. Emergent technolo-
gies is ushering in a new era, facilitating a dramatic shift from information scarcity to
information abundance, while rendering the historically-dominant knowledge trans-
mission model increasingly irrelevant as learners transform from passive knowledge
recipients to active knowledge innovators, curators, and disseminators. The dilemma
that educational stakeholders, especially learners, face is determining what educa-
tional paradigmmost empowers them to thoughtfully and perpetually integrate emer-
gent technologies for learning on demand during this tumultuous period and in the
nebulous future beyond. Two disparate educational paradigms and three approaches
to learning are considered herein. Next, a critical review of technology integration
frameworks, models, and taxonomies indicate that none are sufficient for guiding
stakeholders in helping learners develop the mindset that is required to learn within
such dynamically-changing contexts. Thus, a Paradigm Framework is introduced.
The framework encapsulates the traditional behavioural and emerging perceptual
paradigms, as well as the shift between them. It also includes pedagogical and andr-
agogical approaches to learning, as well as the emerging heutagogical approach.
This framework helps stakeholders to identify existing learning contexts, as well as
intentionally select or design contexts that cohesively bind theory with practice. The
Omni-tech taxonomy included in the framework ensures that emergent technologies
are also coherently integrated according to the theoretical and practical elements that
define specific learning contexts. A practical example of how the framework can be
used within an online graduate student context concludes the chapter.

Keywords Emergent technologies · Pedagogical framework · Curriculum design ·
Heutagogy · Pedagogy · Andragogy

N. Wark (B) · M. Ally
Athabasca University, Athabasca, Alberta, Canada
e-mail: norinewark@gmail.com

© Springer Nature Singapore Pte Ltd. 2020
S. Yu et al. (eds.), Emerging Technologies and Pedagogies in the Curriculum,
Bridging Human and Machine: Future Education with Intelligence,
https://doi.org/10.1007/978-981-15-0618-5_6

89

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-0618-5_6&domain=pdf
mailto:norinewark@gmail.com
https://doi.org/10.1007/978-981-15-0618-5_6


90 N. Wark and M. Ally

6.1 Introduction

The proposed chapter provides a theoretical framework for integrating emergent
technology into any K-12 or higher education curriculum design within the con-
text of learners’ dynamic real and virtual worlds. The chapter begins with a broad
overview of the current educational landscape. It outlines the global race by educa-
tional stakeholders to keep abreast of the dizzying array of exponentially-emerging,
unpredictable technologies in their effort to harness the potential of these technolo-
gies for enhanced learning. The chapter then moves on to consider how best to
prepare learners for lifelong and life-wide learning within the fluxing milieu of this
educational landscape.

Two disparate educational paradigms, their related systems, contexts, and
approaches to learning are described and a Paradigm Shift Model is presented. Next,
an analytical summary of various technology integration frameworks, models, and
taxonomies is provided before the Paradigm Shift Framework (Wark 2018) is intro-
duced. The Paradigm Shift Framework (consisting of the Paradigm Shift Model and
Omni-tech taxonomy) assist educational stakeholders in assessing current learning
contexts by determining what educational paradigm and learning approach to emer-
gent technology integration are being used in delivering curricula, and how this
affects what is being learned about the identified technology. Perhaps more impor-
tantly, the framework is also designed to create and implement curricula that foster
the mindset learners need to move beyond formal schooling competency measures
to the lifelong, life-wide capacities characteristic of self-determined learning (Hase
and Kenyon 2001, 2013).

Lastly, highlights from an exploratory transformative mixed methods dissertation
(Wark 2018) offers readers with a practical illustration that employs the Paradigm
Shift Framework to (1) assess one group of voluntary online graduate students’
current learning environments and mindsets, and (2) determine how these factors
affected their ability to integrate 16 emergent technologies included in the study.

6.2 Emerging Technologies and Learning Contexts

Any educational contextmay employ amyriad of emerging technologies, such as new
device hard- and software, communication technologies (for example, the Internet
and wireless connectivity), and old technologies that are used in innovative manners.
Yet, emergent technologies are not just tools. They are much more than that, encom-
passing “concepts, innovations, and advancements utilized in diverse educational
settings to serve varied education-related purposes” (Veletsianos 2010, p. 33). This
more inclusive definition of emergent technologies may assist educational stakehold-
ers in realizing that who is involved in a learning context, as well as where, when,
how, andwhy learners use these technologies to learn matters significantly more than
what technologies are chosen. In other words, emergent technologies can be used



6 An Emergent Pedagogical Framework for Integrating Emergent … 91

equally well to replicate and advance traditional educational contexts or to create
and cultivate new ways of perceiving and interacting in the world (Wark 2018).

6.2.1 From Formal to Personal Learning Contexts

Major epochs in the evolution of humanity are typically precipitated by the
widespread adoption of general-purpose technologies (GPTs; Brynjolfsson and
McAfee 2014). One need only consider the Stone, Bronze, and Iron Ages, the stir-
rup, gun powder, and electricity to recognize the profound influence that technology
has on our world. Oral and written language, Guttenberg’s press, and the pencil,
for instance, have had indisputable impacts on learning. Emergent technologies like
the Internet, social media, and wireless communication are once again transform-
ing the world of education. These innovative technologies are not only blurring the
lines between traditional face-to-face (f-2-f) and distance education (DE), but also
between formal and informal learning contexts, prompting growing recognition that
learning extends beyond formal schooling and is, indeed, a lifelong and life-wide
process (Collins and Halverson 2010; Palalas and Wark 2017a, b; Wark 2018).

An increasing number of post-secondary institutions are changing admission poli-
cies and using prior learning assessment recognition (PLAR) evaluation processes
to award formal academic credit, based upon non-formal and informal knowledge
and skills learners have earned through workplace learning, self-study, and infor-
mal DE (Collins and Halverson 2010; Conrad 2008). Certificates, digital badges,
open badges, and micro-certificates are also awarded for industry-specific training
achievements by technical organizations and companies and in online educational
contexts, such as MOOCs (massive open online courses; Collins and Halverson
2010; Friedman 2014). Certificates and badges could be perceived as a threat to the
traditional educational system that currently holds the monopoly on formal creden-
tialing (Jacobs 2012). Nevertheless, the existence of these certificates and badges
does highlight how views on learning are changing, as well as the role that emerging
technologies play in enabling on-demand access to the specific knowledge, skills,
and education that learners seek.

While translating the conception of education into a holistic system that merges
formal and informal learning contexts into practical reality is a complex and mul-
tifaceted process, demanding rational and innovative thinking to circumvent unfor-
tunate consequences for learners and society, there are substantive benefits to such
an endeavour (Collins and Halverson 2010; Wark 2018). Research demonstrates
that learners become more actively engaged, intrinsically-motivated, self-regulated,
and therefore self-determined learners who demonstrate increased learning capacity
when focused on personally-meaningful and relevant topics (Deci and Ryan 2002;
Hase and Kenyon 2001, 2013; Jeno et al. 2017; Palalas and Wark 2017a, b; Pink
2009; Ryan and Deci 2000a, b; Sha et al. 2012).

Transformation to a holistic learning system can be facilitated by the use of indi-
vidual educational plans (IEPs) with the support of other emergent technologies.
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Such technologies enhance learners’ abilities to connect and interact with human
and non-human resources, and to form personal learning networks (PLNs), while
dynamically and seamlessly merging their unique real and virtual worlds. Thus,
by merging technology-enabled formal and informal contexts, learners are empow-
ered “to customize, contextualize, and control their learning experiences according
to increasingly individualized needs, time/space parameters, interests, and goals”
(Wark 2018, p. 80), creating a personal learning environment (PLN) .

6.2.2 Omni-Learning

Over half of the world’s population (51.8%) is now using the Internet and nearly 60%
of households have Internet access (as opposed to 20% in 2005; ITU 2018). Less than
half of households have a computer, though, which indicates that the Internet is also
being accessed throughmobile devices at home.Mobile access to telecommunication
systems is also burgeoning.Mobile cellular subscriptions currently exceed the global
population, although the spread is not as pervasive in developing countries as it is in
the rest of the world. Furthermore, almost everyone lives within range of a mobile
cellular network signal. Most of the population has access to networks of 3G or
higher quality. Mobile networks are expanding faster than the percentage of people
using the Internet. Finally, Internet traffic and international bandwidth are growing
more rapidly than access to information communication technologies (ICTs) and the
percentage of people using the Internet, indicating that people stay online longer
and are engaged in activities that consume greater amounts of data (e.g., streaming
videos, engaging in online gaming).

As the rapid spread of wireless ICTs across the globe continues, nearly limitless
access to information and learning networks may soon be available to learners across
the globe (Harsh and Sohail 2002; Idiegbeyan-ose et al. 2015). For instance, on-
demand, even urgent, learning opportunities in the most isolated places imaginable
are currently being made possible through advances in remote augmented reality
(RAR; Ally and Wark 2017; ScopeAR 2019). Emergent technologies are indeed
transforming the world of learning by “offering access, communication, inclusion,
and sharing on a hitherto unknown scale. In short, these technologies are rapidly
creating a global context for “omni-learning“ (Wark 2018, p. 81).

Omni-learning is defined as “the ability to learn anywhere, anytime, with any-
one, on-demand, typically with the support of emerging technology“ (Wark 2018,
p. 81). Such technologies assist learners in choosing what, how, where, when, why,
and with whom they learn while fostering intrinsic motivation, promoting learner
empowerment, and enhancing learner-determination. The adoption of an omni-
learning mindset is becoming increasingly crucial during this turbulent era wherein
nation-governed formal education contexts and knowledge transmission technolo-
gies are being supplanted by global learning contexts and exponentially-emerging
multimedia knowledge capturing, innovating, curating, investigating, and commu-
nicating technologies (Bates 2005; Moore 1965/1998; Wark 2018). The task set
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before educators is to determine what educational paradigmmost enhances learners’
omni-learning capacity during this global knowledge shift and the unforeseeable
future beyond. The Paradigm Shift Framework presented herein provides stake-
holders with a theoretically-grounded foundation to foster the development of a
learner-determined omni-learning mindset.

6.3 Shifting Paradigms

The previous section establishes the role that emergent technologies are playing
in precipitating the shift of knowledge creation and ownership from formal learning
contexts orchestrated by national political and educational leaders to self-determined
learners within their PLEs. This section moves on to the theoretical foundations,
systems, and approaches to learning that generate and sustain these contexts. A
review of two educational paradigms and three approaches to learning are presented
first. A Paradigm Shift Framework is then introduced.

6.3.1 Behavioural Versus Perceptual Learning Paradigms

The term, paradigm, was originally defined by Kuhn (1962) to identify camps,
schools of thought, or “worldviews” among specific scientific groups, although the
term is now applied to other disciplines as well. Paradigms are founded upon unique
epistemologies, values, assumptions, theories, methodologies, and instruments. A
paradigm shift involves the movement or change from one worldview or paradigm
to another (Kuhn 1962). Brynjolfsson and McAfee (2014) point out that the inven-
tion of a GPT (like the stirrup, gunpowder, or the written word) typically catalyzes
a paradigm shift which, in turn, dynamically transforms existing social, economic,
political, cultural, educational, and other institutions in a given society. When the
term, paradigm, is used in this discussion, it relates to specificworldviewson learning.

Two disparate paradigms are explored herein.Written accounts of the epistemolo-
gies underlying each one trace back to the Greek philosophers, Plato (427–347 BC)
and Aristotle (384–322 BC). Plato, the rationalist, surmised that truth and knowl-
edge were found within the individual. The empiricist, Aristotle, countered that truth
and knowledge were only obtainable through sensory interaction with the external
world (Hammond et al. 2001). Aristotle’s epistemology was eventually adopted as
the foundation for the behavioural paradigm, while Plato’s became the foundation
for the perceptual paradigm.

These opposing epistemic stances and resultant paradigms aremanifested to vary-
ing degrees in the learning theories and approaches that have evolved from these
notions over millennia. In practice, though, the most prevalent differences are who
has ownership over knowledge, how that knowledge is distributed and ultimately,
who controls learning (Emery 1981; Wark 2018).
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The most prevalent paradigm of our day is behaviourism; it is also the first major
paradigm to be adopted by twentieth-century educational institutions. Based on the
Industrial Age model, the role of these “traditional” educational institutions is to dis-
seminate government-controlled and funded mass public education. The educational
system operationalizing the behavioural paradigm reflects a top-down hierarchal dic-
tatorship. The curriculum is abstract, fractured, linear, one-size-fits-all, ageist, and
determined by ranking power. The institution and instructor control instructional
time, pace, place, content, resources, delivery, and evaluation. Transmission of sanc-
tified, objective knowledge and facts is verified through measurable behavioural
competencies and tangible product evidence. Learners are prompted to passively
regurgitate accepted knowledge through a system of external rewards and punish-
ments (e.g., letter grades) meted out by those in power. Learning officially occurs in
the formal schooling context (e.g., face-to-face, laboratory-like classroom settings),
typically during the learners’ youth (Atkisson 2010; Gregory 2016; Hammond et al.
2001; Hauser n.d.; Kazamias 2009; Laliberte 2009; Tomic 1993; Wark 2018; Wark
and Ally 2018).

The perceptual paradigm (also referred to as the “learner-determined paradigm”)
is based upon the belief that innate perceptions are the key to learning (Emery 1981).
Thus, only learners can control their learning. Moreover, learning occurs naturally
in any setting throughout life (Benson et al. 2007; Dewey 1897, 1903, 1916/2007,
2011; Emery, 1981; Hase and Kenyon 2001, 2013; Wark 2018). Through a con-
tinual process of synthesizing and generalizing individual perceptions (or “pattern-
making”), people conceptualize and perceive in variances that help them to dynam-
ically interpret the fluctuating world as they interact with it (Emery 1981; Wark
2018).

In a perceptual learning system, the institution is a networked democracy emu-
lating principles of autonomy, diversity, openness, interactivity (Downes 2010), and
responsibility (Freire 1970/1993). The curriculum is holistic, individualistic, and
based upon a learner-determined IEP. The learner controls their learning throughout
life within their unique PLEs with the support of their PLNs. Through this learn-
ing process, the learner hones their capacity for transformative learning and lead-
ing (Wark 2018). (Transformative learning is a dynamic blend of rational thought,
involving logic and affective thinking, and creative intuition, leading to change in
perception;Kant 1781/2013;Mezirow1981; Peat 2000;Vygotsky 1986;Wark 2018.)

6.3.2 Three Approaches to Learning

The beliefs, values, and theories underlying these opposing paradigms are translated
into praxis through varying methods and practices, or “approaches” to learning. This
chapter considers three approaches to learning: pedagogy, andragogy (Knowles 1970,
1984), and heutagogy (Hase and Kenyon 2001).
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6.3.2.1 Pedagogy

Pedagogy is derived from paidogogos, a Greek word meaning “leader of a male
child.” Thus, pedagogymay be understood as the art and science of teaching children
(Palaiologos 2011). While the term, pedagogy, is often used as a general term encap-
sulating all approaches to teaching and learning (see, for instance, Freire 1970/1993;
Murphy 1996), within this context pedagogy is considered as one specific approach.

Pedagogy emerged in monastic schools during the seventh century. Reinforced
by the behavioural paradigm of the twentieth century, pedagogy became, and has
remained, the dominant approach to teaching in all areas and levels of formal school-
ing (Emery 1981; Holmes and Abington-Cooper 2000; Keller 2008; Murphy 1996).
The aim of this patriarchal approach is to transmit sanctified truths, facts, and logic
from the politically, socially, and culturally dominant to the masses; learners’ infor-
mal or incident knowledge and experience are rejected (Bourne 1917; Emery 1981;
Freire 1970/1993). The government-standardized curriculum guides the transmis-
sion of age- or level-appropriate snippets of knowledge and skills (Murphy 1996),
which may hold sparse relevance to the learners’ real-world needs, interests, abil-
ities, or contexts. Concentration is on the development of instrumental reasoning:
rote memorization, description, classification, and tangible, measurable application
of new learning to demonstrate understanding, solve problems, or operate as trained
to (Murphy 1996). Teachers need to maintain strict control over sources and timing
of environmental stimuli to ensure that learners absorb the “correct” associations and
generalizations.With the incentive of externally-delivered rewards and punishments,
students are expected to passively and compliantly regurgitate what may be beyond
their capacity to understand. In such settings, student discipline and literacy precede
knowledge acquisition (Emery 1981; Hase and Kenyon 2001, 2013; Murphy 1996;
Wark 2018).

6.3.2.2 Andragogy

In 1833 Kapp coined the term, andragogy, to describe Plato’s educational theory
(Nottingham Andragogy Group 1983). Knowles later defined andragogy as the “art
and science of helping adults learn” (Holmes and Abington-Cooper 2000).

Knowles (1973) asserted that pedagogy was teacher-driven content-transmission
model concentrating upon what skills and information must be taught, whereas
andragogy was a teacher-facilitated process-driven enterprise that helped learners
to acquire skills and information with decreasing teacher support. Thus, the purpose
of adult educators was to facilitate and support the development of self-directed adult
learners (Holmes and Abington-Cooper 2000; Knowles 1984).

As envisioned by Knowles (1973), the andragogical classroom environment is
less formal than the pedagogical one. The teacher is no longer the ultimate author-
ity figure and source of knowledge; instead, mutual respect and collaboration are
modelled. Learning becomes a shared teacher-learner process involving diagnosis
of learning needs, development of plans, and engagement in experiential learning
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and problem-solving. Negotiated meaning and shared understanding are derived
from discourse and interaction with the teacher, students, and possibly other experts.
However, while the learner may control some aspects of the learning environment,
the teacher retains final authority over the learning process, tasks, and assessment
(Knowles 1970; Palalas and Wark 2017b). Given that andragogy represents a transi-
tional process wherein control of learning oscillates between teacher and learner, it
appears to represent a shift between the behavioural and perceptual paradigms.

6.3.2.3 Heutagogy

Heutagogy is defined as “the study of self-determined learning” (Hase and Kenyon
2001). It is a humanistic learning (not teaching) approach embodying “construc-
tivism, neuroscience, cognition, affect, motivation (Pink 2009), active learning and
reflection (Argyris andSchön1978; 1996),ComplexityTheory (Lissack1999; Stacey
et al. 2000; Waldrop 1992) and systems thinking (Blaschke and Hase 2016; Emery
and Trist 1965; Emery 1993; Hase and Kenyon 2001, 2013)” (Wark 2018, p. 42).

While pedagogy focuses upon what to learn (the product) and andragogy centers
on how to learn (the process), heutagogy encompasses the what, how, when (timing),
where (context) , why (the meaning), and who (who is involved and who controls
the power) of learning (Hase and Kenyon 2013; Wark 2018).

In a heutagogical learning environment, learners must relearn how to accept their
“own perceptions as a direct form of knowledge and [learn] to suspect forms of
knowledge that advance themselves by systematically discounting direct knowledge
that people have in their life-sized range of things, events and processes” (Emery
1981, p. 41). Learner needs, goals, and PLEs dictate the learning process, timing,
and outcomes. The educator (or “learning leader”; Hase 2014, 2015) is a transient
facilitator who creatively and dynamically assists the learner in assuming control
and responsibility for their own learning. The acquisition of transmitted knowledge
and skills demonstrated through competency measures in formal schooling contexts
is replaced by active, relevant, and meaningful engagement in the learner’s PLE
that fosters learning capabilities (defined as “deeper cognitive processes… using
competencies in new contexts and challenging situations”; Hase and Kenyon 2013,
p. 25). The aim of heutagogy is to: enhance higher levels of cognition, deeper levels
of reflection, positive emotional development, creativity, and the intrinsic motivation
to be lifelong self-determined learners (Blaschke 2012; Blaschke and Hase 2016;
Hase and Kenyon 2001, 2013).

The following Paradigm Shift Model encapsulates both paradigms and all three
learning approaches.

6.3.3 Paradigm Shift Model

Expressed graphically as a Venn diagram (Fig. 6.1), the Paradigm ShiftModel assists
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Fig. 6.1 Paradigm shift model illustrating movement between a teacher-directed and student-
determined approach to learning.P indicates a pedagogical,A an andragogical, andH a heutagogical
approach to learning

educational stakeholders in identifying existing paradigms, approaches, and contexts,
and in the intentional generation of future theoretically- and practically-cohesive
learning contexts.

The acronym, PAH, is used in the diagram to represent the relationships between
various learning paradigms and approaches. To illustrate, the large P, mid-sized A,
and smallH in the left circle indicate that the behavioural paradigm and pedagogical
teaching approach are most prevalent in this learning context. The mid-sized A indi-
cates that some shift between paradigms and an andragogical approach to learning
may be present in this context as well. Finally, the small H suggests that little, if
any representation of the perceptual paradigm and heutagogical approach would be
found in this context. The center oval suggests a shift between paradigms and an
andragogical approach to learning would be most prevalent in this learning context,
while P and H would likely be less obvious and nearly equally represented. Lastly,
the large H in the right circle indicates that the perceptual paradigm and heutagogical
approach to learning would be dominant in this learning context, A would be less
prevalent, and P would be virtually non-existent.

Each of these three contexts primarily manifests the prevalent paradigm and
approach in terms of who controls the curriculum as well as the instructional time,
pace, place, content, resources, delivery, and evaluation of learning.

Themodel is not expressed as a continuum for numerous reasons. First, it does not
reflect the individual learner’s paradigm or approach to learning. For instance, a self-
determined student who adopts a heutagogical approach to learning can be found
in a predominately P environment. That student may have even made the choice
to be in that environment because it meets their self-determined needs and goals.
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Second, an A environment can quickly become either a P or H environment simply
by changing the balance of power between teacher and learner. Third, a continuum
would suggest that learners would necessarily begin in aP environment, move to anA
environment, and eventually graduate to anH environment. Yet literature on howpre-
school children learn suggests that they are naturally self-determined learners (Dewey
1897, 1903, 1916/2007; Hase and Kenyon 2013), suggesting that they would learn
best in anH environment. Moreover, the current diagram strives to convey the notion
that learning is not linear or hierarchal in nature, but is rather a messy, dynamic, and
complex process (Garnett and O’Beirne 2013; Hase and Kenyon 2013; Wark 2018).

6.3.3.1 Reflection as Agency

The model includes consideration of three forms of reflective thought. In a P-
dominate environment, the educational focus is primarily upon reflection; how to
improve the efficiency and effectiveness of performance (Finlay 2008; Schön 1983,
1987; Smyth 1992). An A environment fosters critical reflection or the individual
analysis of existing conceptions in light of new knowledge or experience (Fook et al.
2006; Rose 2013). Finally, an H environment encourages reflexivity; the introspec-
tion of self, praxis, and human nature (Freire 1970/1993; Ryan n.d.; Smyth 1992).
To clarify, these are the prime forms of reflective thought encouraged within each of
these contexts. However, while an educator may be facilitating critical reflection in
an A environment, for example, it is quite possible that a student in this environment
may be engaging in reflective or reflexive thinking instead.

6.4 Technology Integration Frameworks, Models,
and Taxonomies

A number of technology integration frameworks, models, and taxonomies are
reviewed in this section for their ability to help learners integrate emergent tech-
nologies within P, A, andH contexts. These include: the Framework for the Rational
Analysis of Mobile Education (FRAME; Koole 2009) model, the Bring Your Own
Device (BYOD; Stead 2012) framework, the Padagagy Wheel (Carrington 2015),
the Substitution,Amplification,Modification, andRedefinition (SAMR;Puenterdura
2006, 2013) taxonomy, the Replacement, Amplification, and Transformation (RAT;
Hughes et al. 2006) framework, and theReplacement, Amplification, Transformation
and Leadership (RATL; Hesselbein 2014) model.

The FRAME, BYOD, and Padagogy Wheel blend theory with practice providing
an umbrella approach tomerging various individual, technological, and social aspects
ofmobile learning.All three reflect a shifting paradigm that focuses predominately on
cognitive development, with the Padagogy Wheel offering the greatest opportunity
for enhancing self-directed learning.
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While the FRAME, BYOD and Padagogy Wheel focus specifically on mobile
learning and are theoretically dense in nature, the SAMR, RAT, and RAT(L) tax-
onomies are less theoretical and intended to facilitate the integration of generic
technologies for specific activities or situations. All three taxonomies adhere to a
behavioural paradigm and pedagogical approach, although the RAT(L) does contain
one level aimed at developing teacher leadership.

Wark’s (2018) review of the aforementioned frameworks and taxonomies led to
the following conclusions: (1) no literature clearly defined or operationalized all
features, aspects, concepts, or terms, (2) all had little to no academic scrutiny or field
research conducted on them, (3) the relationship between theory and practice was
incomplete, confusing, or inconsistently applied in the reviewed frameworks, (4) all
were intended to be usedwithin aP or anA environment, (5) all focused exclusively or
primarily upon the development of cognitive skills, especially instrumental reasoning
(e.g., efficiency and effectiveness of technology integration). Ultimately, none were
adequate for integrating emergent technologies within anH environment, or flexible
enough to be used within the contexts of P, A, and H environments.

6.4.1 Omni-Tech

The omni-tech taxonomy defines the teaching and learning emergent technology
integration goals within the P, A, and H environments (Fig. 6.2). Students acquire
and practice developing efficient and effective use of emergent technologies within
the P environment. In the A environment, instruction shifts from how to use partic-
ular technologies to more fully and seamlessly integrating technology as the learner
connects to and interacts with human and non-human resources. The H environment
addresses emergent technology integration in a holistic manner, responding to the

Fig. 6.2 Omni-tech taxonomy. Illustrates various levels of technology integration anticipated in
relation to a behavioural/pedagogical (left column), shifting/andragogical (middle column), and
learner-determined/heutagogical (right column) educational paradigms
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learner’s self-determined needs, drives, and goals within their PLEs, and with the
support of their PLNs.

The arrows in Fig. 6.2 conveys the notion that learning is not linear. Neverthe-
less, the linear nature of government-imposed curricula in P and A environments is
based upon the behavioural assumption that skill development starts with acquisition,
moves to practice, and culminates in competency (Ertmer and Newby 2013; Garnett
and O’Beirne 2013). The arrows reflect this mandated curricular approach, while
simultaneously expressing the reality that learners can, for instance, demonstrate
competency with a particular technology in one context, while still practicing how
to use that technology in other contexts. The endlessly-looping circle in the H envi-
ronment portrays the messy learner-determined curricula and double-loop learning.
The learner accesses information from their PLEs and PLNs, practices, masters, and
innovatively uses emergent technologies on an omni-learning basis, while employ-
ing instrumental reasoning, rational thought, and creative intuition as needed. The
learner models leadership “by actively engaging in their learning, learning from and
with others, and sharing what they have learned” (Wark 2018, p. 92).

Figure 6.3 provides a closer look at the transformative learning and leading
segment of the omni-tech model. As explained in Wark (2018):

A learner’s emergent technology integration perceptions and experiences dynamically influ-
ence each other through reflexivity and by innate drives to find purpose, achieve mastery,
gain autonomy, and innovate within the learner’s natural, holistic omni-learning context. The
learning process engages instrumental reasoning, rational thought, and creative intuition on
[the learner’s] demand. These mental processes not only help the learner to interpret experi-
ences, but when used reflexively, may transform perceptions, alter experiences, and change
reality, while enhancing intrinsic motivation to achieve higher levels of purpose, mastery,
autonomy, and innovation (p. 93).

A learner’s intrinsic drives are unique and dynamic. To illustrate, one learner may be
driven tomaster the integration of a new technology simply for the challenge, another
may be driven to master technology integration for social reasons, and a third may be
driven by both desires. Furthermore, the motivational drive to achieve mastery may
change for a learner depending upon, for instance, evolving perceptions, purposes,
and contexts. Learning leaders must understand a learner’s emergent technology
integration perceptions and experiences in order to help the learner clarify: (1) why
the learner views the integration as being important, (2) what learning is needed, (3)
how the technology can be used (including possible consideration of novel solutions
and opportunities), (4) where and when to learn, and (5) who should be involved in
the learning process (Wark 2018).

The development of reflexive thinking gives learners the ability to challenge per-
sonal and collectivemoral reasons for integrating (or not integrating) a particular tech-
nology, as well as the opportunity to possess the imagination, means, and courage
to transform reality. The learning leader’s foremost goal, therefore, is to help the
learner foster the mindset needed to challenge the purpose and value for integrating
the emergent technology. Part of this process includes aiding the learner in identifying
extrinsic and intrinsic motivations for integrating the technology, and learning how
to enhance intrinsic motivators while reducing dependency upon extrinsic ones. In
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Fig. 6.3 Integrating emergent technology naturally. A learner’s emergent technology integration
perceptions and experiences dynamically influence each other through reflexivity and by innate
drives to find purpose, achieve mastery, gain autonomy, and innovate within in the learner’s natu-
ral, holistic omni-learning context. The learning process engages instrumental reasoning, rational
thought, and creative intuition to help the learner interpret experiences and reflexively transform
perceptions, while enhancing intrinsic drives

doing so, the learning leader helps the learner hone instrumental reasoning, rational
thinking, and creative intuition, thereby promoting reflection, transforming percep-
tions, and changing reality for the learner and perhaps others, including the learning
leader (Wark 2018).

6.4.2 The Paradigm Shift Framework

The Paradigm Shift Framework (Fig. 6.4) merges the Omni-tech taxonomy with
the Paradigm Shift Model. The paradigmatic shift is complete when the P or A
learner realizes that they alone control their learning path. At this point, they move
permanently into the H realm, fully reclaiming their natural, holistic ability to learn.
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Fig. 6.4 Paradigm Shift Framework, illustrating the merger of the omni-tech taxonomy (dark blue
technology integration arrow at the top of this image) with the paradigm shift model

6.4.3 Illustrating the Paradigm Shift Framework in Action

The Paradigm Shift Framework was employed to determine what key factors and,
ultimately, what paradigm most empowered online graduate students to integrate
emergent technologies for learning on demand. During the Spring 2017 term, volun-
teer students completed pre- and post-term questionnaires and participated in mid-
and post-term interviews. This information was combined with course instructor
interviews, public University website information, and researcher observations. The
Paradigm Shift Framework was used to determine that the participating class con-
texts were very similar in nature, offering A and H opportunities within the larger P
setting of the University (Wark 2018).

Results indicated that at the beginning of the term there was a nearly even split
between the preference for aP,A, orH learning environment among the respondents.
When asked to rate their level of integration with the 16 emergent technologies
included in the study, participants indicated that, on average, they were beginning to
practice integration with these technologies.

During the term, three-quarters of the participants indicated a change in their
paradigmatic preferences; some increasing their preferences for P, others for A, and
the remainder for H environments. Even those who expressed a consistent prefer-
ence for one paradigm indicated fluctuations in motivational drives. These findings
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support the claim that learning is a dynamic, complex, and messy process (Garnett
& O’Beirne 2013; Hase and Kenyon 2013).

By the end of the term, there was a moderate preference for an H environment
among participants. Those who preferred a P environment indicated a slight drop
from their pre-term practice level with the 16 emergent technologies. They did not
set any emergent technology integration goals for the term. Participants who showed
a preference for the A environment reported a slight to moderate increase, although
they remained at the practice level when the term was over. The A participants
who set goals experienced a slight increase in their practice level, while those who
set and changed their goals during the term reported a moderate increase. Lastly,
those aligning with anH environment reported a significant increase, achieving early
competency in their technology mastery level. All H respondents reported setting
goals.

Interestingly, P and H respondents felt that they required less scaffolding and
experienced less of a learning curve in relation to emergent technology integration
during the term than their classmates did. It seems logical that the P respondents
did not require emergent technology integration scaffolding or experience much of
a learning curve, because they did not set emergent technology integration goals or
report an increase inmastery with emergent technologies during the term. The reason
whyH respondents did not require much scaffolding either, despite setting goals and
achieving the highest level of technology integration mastery during the term was
because these learners were self-determined learning leaders who relied upon trial-
and-error experimentation, as well as their expansive PLEs and PLNs to help them
integrate technologies. The respondents who felt that they required themost scaffold-
ing and experienced the greatest learning curve were the A respondents who set and
changed their goals during the term. This was explained by their shifting dependence
for learning from the instructor to themselves throughout the term. Ultimately, most
respondents felt that, in the future, an AH or H environment would most empower
them to integrate emergent technologies for learning on demand throughout life.

6.5 Conclusion

Exponential growth in emergent technologies is rapidly and dynamically changing
the world. Some of these technologies have precipitated a shift in the knowledge
economy from millennia of information scarcity to information explosion. These
technologies offer humanity with the potential to transform learning by replacing
the prevalent knowledge transmission model with a knowledge capture, curation,
investigation, communication, and innovation model. Educational stakeholders are
tasked with determining what paradigm and approaches to learning best facilitate the
mindset learners need to purposively and perpetually integrate emergent technologies
for learning on demand.
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A review of existing emergent technology integration frameworks, models, and
taxonomies indicates that none are capable of assisting stakeholders in identify-
ing, selecting, and designing educational contexts that cohesively and coherently
bind theory with practice from more than one paradigmatic stance. Most of the
reviewed frameworks, models, and taxonomies subscribe to a behavioural paradigm,
a few reflect a shift between paradigms, and none exemplify the emerging perceptual
paradigm.

The Paradigm Shift Framework assists educational stakeholders, including learn-
ers, in identifying what prevalent paradigm, as well as what approaches to learning
and emergent technology integration are being adopted in any learning context. The
framework also enables stakeholders to intentionally design or participate in the
learning context that best meets desired learning goals and objectives. Moreover, the
framework can assist stakeholders in shifting from one paradigm and approach to
learning to another.

The framework is not meant to be interpreted as a continuum; it based upon
evidence that learning is messy, dynamic, and individualistic (Garnett and O’Beirne
2013: Hase and Kenyon 2013; Wark 2018).

Finally, the framework has been field-tested in one exploratory study (i.e., Wark
2018). It is anticipated that further testing will result in revision, refinement, and
evolution of the framework.

Glossary of Terms

Andragogy An adult learning theory, most commonly associated with Knowles
(1970) that includes the notion of the “self-directed” learner, who becomes
increasingly less dependent upon the instructor for learning needs, while
typically fostering greater participation in and reliance upon professional
communities of practice.

Behaviourism An educational paradigm founded on the belief that the external,
objective world is the only source of knowledge. Sensory interaction with this
world evokes learning.

Context The collective sum of all environmental, social, and/or other circumstances
and conditions found in a particular place or situation, or related to a particular
notion or statement; the setting.

Emergent technology New or existing technologies, including “concepts, inno-
vations, and advancements” (Veletsianos 2010, p. 33) that are being used in
innovative manners and Contextfor educational purposes.

Emerging paradigm A previously obscure or unknown school of thought, based
upon unique beliefs, and related practices, which is gaining popularity. Examples
include twenty-first-century learning and “connectivism” (Siemens 2005a, b).

Formal learning Learning that occurs within structured educational systems and
contexts, which is usually certified by official governing bodies. Examples
include public schools, universities, and technical institutions.
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General Purpose Technology (GPT) Widespread or pervasive use in a society of
a particular technology, such as the steam or combustion engine, or electricity
(Brynjolfsson & McAfee 2014).

Heutagogy A term coined by Hase and Kenyon (2001), to describe a learning
approach derived from the perceptual learning paradigm. Heutagogy is based
upon the belief that learning is learner-determined (that is, learners control their
learning) and promotes the development of learner capacity for lifelong, and
life-wide learning.

ICT Acronym for “information communication technologies”; technologies that
transmit information (e.g., telephony or Internet connection technologies).

IEP Acronym for “individual educational plan.” IEPs are typically generated dur-
ing meetings that involve the learner and their learning team (e.g., educators,
caregivers, other professional experts). IEP components include: short, mid-,
and long-term educational goals; learner characteristics, preferences, strengths,
weaknesses, barriers, and incentives; human andnon-human resources; and time-
lines. The ideal IEP is learner-determined; other team members are considered
to be transient resources. IEPs are typically reviewed, revised, and updated on a
regular basis (e.g., every semester).

Informal learning Learning that occurs outside of formal, structured learning
institutions or contexts; casual or incident learning.

Learner-determined learning Learning in which the learner controls the learning
task, process, and context; also referred to as “self-determined learning” (Hase
andKenyon 2001, 2013). Learner-determined learning is not to be confusedwith
“self-directed” learning (see also).

Omni-learning “Always learning”; the ability to learn anywhere, anytime, on the
learner’s demand (Wark 2018); mobile, augmented reality (AR), and wearable
technologies enable the possibility of omni-learning.

Paradigm Or “worldview”; a term initially intended to identify particular scien-
tific camps or schools of thought based upon specific theories, values, beliefs,
assumptions, methodologies, and instruments (Kuhn 1962), but has since been
extended to other disciplines as well.

Paradigm shift The change or movement from one paradigm (see also) or world-
view to another (Kuhn 1962). The invention of a general-purpose technology
(GPT; for instance, the printing press, electricity; Brynjolfsson and McAfee
2014) usually precipitates a paradigm shift which, in turn, significantly alters
existing social, economic, political, cultural, educational, and other institutions
of a particular society.

Pedagogy The original Latin term for a man leading a boy in learning; adheres
to the behavioural paradigm, and teacher-directed approaches to learning most
commonly used with children and novice learners.

Perception The identification, interpretation, and organization of sensory infor-
mation in the brain used to represent, understand, and interact with the
environment.



106 N. Wark and M. Ally

Perceptual learning The dynamic interplay between the environment and
one’s senses, cognitive thought, affective reasoning, emotions, and neuro-
physiological functioning; the foundational tenet of a learner-determined or
perceptual paradigm (see also).

Perceptual paradigm A learning paradigm based upon the belief that the source
of knowledge is innate and individually unique; also referred to as “learner-
determined paradigm.” See also “perceptual learning.”

Rational thought A process in which the meaning attached to one’s sensory per-
ceptions of the world is challenged by some experience incongruent with this
meaning (Kant 1781/2013; Adorno 1951/2005). This incongruence is critically
(i.e., morally and cognitively) analyzed, and judgment is made by the mind
before action is taken.

Reflective thinking Review of knowledge, value, or belief in relation to evidence
that supports or refutes it, and the conclusions resulting from this review;
originally defined by Dewey (1910, 1933).

Reflexivity Typically associated with research; the process of examining one’s
knowledge, beliefs, values, and actions in relation to the research process;
involves reflection on how the researcher’s axiology affects research decisions,
and how the researcher/research respondent relationship affects the research
project.

Self-directed The learner may control some aspects of the learning context, but the
teacher usually controls the learning process and task; also referred to as “learner-
directed learning” (Knowles 1970); not to be confused with “learner-determined
learning“ (see also).

Shifting paradigms A process of movement or change between one paradigmatic
mindset or worldview and another. For instance, the behavioural and percep-
tual paradigms represent two disparate views on the source of learning. The
behavioural epistemology rests upon the belief that the source of knowledge
is external and sense-based, whereas the perceptual epistemology asserts that
the source of knowledge is innate human perception. Theories, approaches, and
practices that manifest elements of both paradigms, such as constructivism and
andragogy, indicate a shifting state between these paradigms.

Teacher-directed A learning context in which any curricular, instructional design,
instructional delivery, activities, assessment, learning resources, and environ-
ment are determined by the instructor.

Technology Merger of Greek roots, techne, meaning art, craft, skill, or the means
to obtain something, and logos, the outward expression of an inner thought
or feeling; “tools devices, systems, or procedures …[that] order and transform
matter, energy, and information to realize certain valued ends” (Funk 1999).

Technology integration Seamless inclusion of technologies in learning contexts
wherein the use of a given technology comes naturally to the learner in support
of their learning, rather than being the focus of their learning; also defined as
a process where the learner is becoming accustomed to using a technology for
learning also defined as a process where the learner is becoming accustomed to
using a technology for learning.
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Traditional learning Formal learning theories, contexts, and practices typifying the
Industrial Age educational system, and based upon the behavioural paradigm;
characterized by patriarchal management, face-to-face teacher-directed inter-
actions, knowledge transmission (e.g., rote learning), passive learning (e.g.,
independent seat work), and strict rules and routines, set within the context
of brick-and-mortar buildings and laboratory-like classrooms.

Transformation Dramatic alteration in appearance, form, and/or function meta-
morphosis.
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Chapter 7
A Teacher Professional Development
Program on Teaching STEM-Related
Topics Using Augmented Reality
in Secondary Education

Lasica Ilona-Elefteryja, Maria Meletiou-Mavrotheris
and Konstantinos Katzis

Abstract Science, Technology, Engineering and Mathematics (STEM) Education
is a field in which schools invest considerable resources and time to bring inno-
vative solutions within their curricula. At the same time, Augmented reality (AR)
is an emerging technology in the Immersive Learning Landscape. The EU-funded
Erasmus + project Enlivened Laboratories in STEM (EL-STEM) aims to introduce
a new approach, through the provision of integrated inquiry-based STEM learning
approaches supported by Augmented Reality in school classrooms and laborato-
ries. A multifaceted Teacher Professional Development (TPD) program has been
designed within EL-STEM to familiarize teachers with the potential of AR technol-
ogy for enhancing the teaching and learning processes in secondary STEM educa-
tion. Teachers can, therefore, employ this technology, to further encourage student’s
engagement and strengthen their twenty-first-century skills. This chapter highlights
the necessity of designing and implementing such a TPD program, provides an
overview of the pedagogical framework underlying the current state of the suggested
EL-STEM TPD program and outlines its content and structure.

7.1 Introduction

During the past twenty years, the “STEM pipeline” problem (Cannady et al. 2014;
Sanders 2009) as well as the need of Europe (and not only) for human resources
equipped with twenty-first-century skills (i.e., critical thinking, inquiry, creativity,
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problem-solving, collaboration) (Xue and Larson 2015) have been highlighted in
the research community. In addition, cross-national studies concerning students’
achievements (e.g., TIMSS, PISA) indicate that there is a significant number of
underachievers in STEM-related courses in all educational levels, including sec-
ondary education, while attractiveness, motivation, and engagement in STEM, also
appear in low rates (Gasiewski et al. 2012). Statistics are also discouraging concern-
ing students’ tendency towards STEM studies and careers (Aeschlimann et al. 2016;
Wang and Degol 2013). This situation calls for urgent action since STEM skills
(Bybee 2010) are among key competencies needed in a knowledge-based society
for employment, personal fulfilment and development (EU Skills Panorama 2016;
OECD 2016).

One aspect that could contribute to the improvement of the abovementioned is the
growth of recent technological advances, which provide the opportunity to develop
innovative learning environments in STEM education by upgrading the educational
process. One promising approach recently explored, is the potential of integrating
Augmented (AR) andMixedReality (MR)within secondary education, as ameans of
making STEM-related subjects more understandable and attractive for students. AR
is an emerging technology in the Immersive Learning Landscape and has gained
a growing interest among researchers during the last two decades (Bacca et al.
2014; Ibáñez and Delgado-Kloos 2018; Lee 2012; Lytridis et al. 2018). Despite
the increased interest towards this field, the amount of available research concerning
AR integration into teaching and learning is still relatively small due to the novelty of
the technologies (Bacca et al. 2014; Ibáñez and Delgado-Kloos 2018). Nonetheless,
the majority of existing studies point towards numerous positive attributes that have
the potential to enhance both learning and teaching (Bacca et al. 2014; Akçayir and
Akçayir 2017).

AR is being treated as a concept rather than a sole technology (Wu et al. 2013)
offering new learning opportunities but also, creating new challenges in the edu-
cational process (Wu et al. 2013; Akçayir and Akçayir 2017). For its successful
integration within STEM education, it should be accompanied by innovative peda-
gogical approaches and re-contextualized learning environments focused on inquiry
and problem-solving. Teachers are key persons in realizing the “how, what and why”
of AR within STEM education, as they can provide the necessary instructional sup-
port to students, maximizing the impact of this technology (Lasica et al. 2018). How-
ever, a number of studies have asserted that changing teaching practices is proving
difficult, while many teachers remain unprepared to effectively employ technology-
enhanced teaching practices (McNair and Green 2016). Thus, the provision of high-
quality preservice and in-service teacher training that will equip teachers with the
required knowledge and skills to effectively apply AR into teaching and learning is
of utmost importance (Delello 2014). Teachers should be encouraged to recognize
the true potential and the added value that AR could have on teaching, learning, and
assessment, and should be informed concerning best practices in their exploitation
as instructional tools (Dunleavy and Dede 2014). Many teachers reject new tech-
nologies for reasons such as fear and lack of confidence in their use, lack of time
or motivation for acquiring new technological skills and adapting new pedagogical
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strategies, lack of existing educational resources, and the fact that they feel uncom-
fortable with student-centered approaches enhanced by new technologies (Delello
2014; Dunleavy and Dede 2014; McNair and Green 2016).

Changes in teaching cultures that will improve students’ performance and atti-
tudes, and reduce disparities in STEM outcomes between different EU countries are
required. For this purpose, training that involves applying AR and other innovative
technological tools through standards-based pedagogical approaches seem to be a
priority. The current chapter presents a renovated TPD program to familiarize teach-
ers with the potential of AR technology for enhancing the teaching and learning
processes in secondary STEM education.

7.2 Teacher Professional Development Concerning
STEM-Related Issues and Innovative Technologies

Teachers’ professional development (TPD) programs targeting the instruction of
twenty-first-century skills (Ertmer et al. 2014) supported by learner-centred forms of
pedagogy, focusing on inquiry and problem-solving based learning (Sanders 2009),
are of critical importance.There is a gapwithinSTEMeducationbetween the required
skills and knowledge to teach a STEM topic and the way STEM topics are actu-
ally taught within classrooms (Corlu et al. 2014). Usually teachers, when teaching
a STEM-related topic, tend to focus instruction on the subject of their expertise.
STEM education, however, requires teachers to “excel in utilizing natural and active
exchanges of knowledge, skills, and beliefs among STEM disciplines” (Corlu et al.
2014, p. 76).

Integrating recent technologies within STEM education should also be accom-
panied with innovative pedagogical approaches and re-contextualized learning envi-
ronments in order to be successful (Pedaste et al. 2016). The challenges arising are
for the teachers to gain the “knowhow” concerning the: (i) identification of the new
technologies that are appropriate for them from those that are available, and (ii) use
of these technologies in a specific STEM-related topic for improved understanding
(Kriek 2016). To convince teachers applying new technologies in their courses, they
need to realize their added value and benefits in enhancing teaching and learning
(Overbay et al. 2010). Teachers, who have not experienced new methodologies as
teachers or as learners, require a different skillset compared to conventional teaching,
while trying a new approach can put additional pressure and be intimidating (Dotong
et al. 2016; Ertmer et al. 2014). A critical challenge remains the fact that European
countries lack a single policy concerning TPD (OECD 2016) and as a result, many
teachers remain unprepared to effectively employ new technologies in their teaching
practices (Howard and Mozejko 2015). Without such frameworks, the application of
technology within the classroom is often superficial and unproductive and teachers
hesitate to proceedwith innovative applications within their classrooms (Ertmer et al.
2012).



116 L. Ilona-Elefteryja et al.

In an increasingly knowledge-based economy, EU needs well-prepared STEM
teachers who can raise the current generation with a capacity to innovate (Corlu et al.
2014), prepared through appropriate TPDprograms, so as to effectively integrate new
technologies within the instructional process.

7.3 The EL-STEM Project

Responding to the needs described above, the Enlivened Laboratories for STEM
Education (EL-STEM) project has developed, and is currently pilot testing an inno-
vative Teacher Professional Development (TPD) program targeting EU secondary
school STEM teachers, that offers high-quality in-service training on the effective
integration of AR/MR technologies within existing school curricula. EL-STEM is
an Erasmus + Action 2 program funded by the EU, with nine partners from five
EU countries (CY, EL, EE, FIN, PT). The project’s objective is to develop a new
approach, combining AR/MR technologies with Remote and/or Local Laboratories,
for encouraging 12–18 year-old students’ STEM engagement.

In particular, it targets students of lower and upper secondary education and irre-
spective of the expected varying individual inclination to STEM subjects, aiming to
(Mavrotheris et al. 2018): (a) attract students who currently might not be interested
in STEM-related studies/careers and enhance the interest of those who have already
chosen this field of studies/careers, and (b) improve students’ performance in courses
related to STEM education.

7.4 Designing the TPD EL-STEM Program

The theoretical framework underpinning the EL-STEM in-service TPD program is
grounded on and structured under the interrelated bodies of Problem-Based Learning
and Inquiry-Based and Contemporary Learning Approach, promoting scaffolding
and collaboration in STEM education (Pedaste et al. 2015).

Moreover, TPACK(Technological Pedagogical andContentKnowledge) has been
applied as a research framework for facilitating and assessing teachers’ professional
development in the use of ICT in STEM education. TPACK is a dynamic conceptual
framework (Mishra andKoehler 2006) that was proposed as a response to the absence
of theory guiding the technology integration into education. According to TPACK,
teachers’ training on innovative technologies cannot be treated as context-free, but
should be accompanied with emphasis on how technology relates to pedagogy and
content. The aim is to move teachers beyond technocentric strategies that focus
on technology, and to promote their critical reflection on the use of AR in STEM
education. Concurring with Phillips (2013), the suggested TPD program considers
TPACK not as an individually acquired attribute but as an embodied phenomenon
shaped by social, organizational, and cultural factors extending beyond individuals,
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putting emphasis on the socially mediated contexts in which in-service teachers
develop their knowledge.

As far as the effective integration of ICT within the educational process is con-
cerned (in particular AR technology), a deep understanding (by the teachers) of the
relations between the three components (Technology, Pedagogy, and Content) of the
TPACK framework is required. The contexts’ definition could contribute positively to
this direction and to the effective implementation of the TPACK framework (Philips
2016) within the TPD program suggested. Table 7.1 (Lasica et al. 2018) describes
the necessary knowledge axes of the TPD program (Jimoyiannis 2010) to the related
knowledge that lies at the TPACK framework intersections (PCK, TCK, TPK).

To ensure the successful implementation of TPACK, the suggested TPD program
involves teachers in both the design of the educational activities (through the Lesson
Plans) and the creation of AR Learning Objects (LOs) (supporting the Lesson Plans
designed) that theywill then apply in their own classrooms and/or school laboratories.
In addition, the familiarization with AR (tools, applications, etc.), could be achieved
through the teachers’ involvement in solving hypothetical educational STEM-related
problems during the face-to-face meetings. The authors, in collaboration with the
rest of the EL-STEM consortiummembers, have been coordinating the whole effort,
supporting the teachers in tackling any difficulties, concerns, and obstacles they
might encounter. The effectiveness of the educational activities will depend on their
structure and instructional design phases based on inquiry learning and scaffolding.

Table 7.1 Matching of TPACK knowledge intersection with knowledge axe within secondary
education in the suggested TPD program (Lasica et al. 2018)

TPACK Knowledge Knowledge Axes within secondary education

PCK Awareness of curricula concerning STEM-related courses (Mathematics,
Physics, Chemistry, Computer Science etc.)

Scientific Knowledge of STEM-related topics/concepts

Awareness of difficulties and misconceptions in STEM-related topics

Pedagogical Models—Teaching Approaches concerning STEM
courses—Willingness for collaboration between teachers of different
courses—promotion of student-centered approaches

TPK Pedagogical Models—Teaching Approaches based on ICT, especially
AR technology

Promotion of Inquiry-Based learning and interdisciplinary within STEM
courses, supported by AR

Self-esteem and real experience acquirement concerning the usage of
AR during the educational process

TCK Familiarization with AR (tools, applications, existing libraries, etc.)

Knowledge and skills on the effective integration of AR within the
educational process in the context of STEM-related courses

Technical Issues prediction and/or resolution
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7.5 Implementing the Theoretical Framework: Design
of the EL-STEM in-Service TPD Program

Having recognized the promising prospect of AR for upgrading STEM education,
the design of the EL-STEM in-service TPD Program is described below, on how to
effectively implement inquiry-based instruction within the school curricula through
the functional integration of AR with existing core curricular ideas. Drawing upon
the relevant literature, the suggested TPD program applies adult appropriate teaching
strategies (Lieb and Goodlad 2005; Ruey 2010). For this reason, a blended approach
has been adapted, to offer teachers time flexibility, provide easy access to additional
content (articles, videos, etc.), encourage communication, and develop a personal
contact with the participants. In the context of this approach face-to-face training
seminars as well as the EL-STEM project online course is being provided.

The TPD program is divided into two phases: (i) Fall 2018-Spring 2019, when
teachers participate in both face-to-face training seminars and the online course,
to get equipped with the required knowledge and competences to scaffold their
students in engaging with problem-solving, inquiry-based activities and innovative
technologies that can help raise their interest in STEM and promote the attainment
of important twenty-first-century skills, (ii) Spring 2019-Fall 2019, the guided field
practice, when at a final stage, teachers will undertake a teaching experiment. During
the second phase (already running by some teachers feeling confident with the use
of tools to create AR educational content), teachers customize and expand upon the
digital tools and the instructional material provided to them, and apply them in their
own classrooms, through appropriate Lesson Plans and AR Learning Objects. The
researchers in collaboration with the EL-STEM project consortium members, act as
mentors, providing their support to teachers.

7.5.1 Objectives and Target Groups

The main aim of the TPD program designed is to develop a supportive culture,
motivating teachers of STEM-related courses on effectively integrating AR with
core STEM curricular ideas to transform their classrooms and/or laboratories into a
smart-learning environment both by (a) using existing AR Learning Objects (LOs)
and (b) creating their own AR LOs and Lesson Plans (LPs) with appropriate tools
(Lasica et al. 2018). Teachers are trained on how to implement inquiry-based learning
LPs in the fields of STEM, supported by AR, in order to engage their students in
authentic problem-solving activities. They also get familiarized with different tools
for developing AR LOs within STEM-related courses and existing repositories of
AR LOs, such as HP Reveal, ARTutor, ZapWorks, EON Experience, Scratch and
Unity. These LPs and LOs will be pilot tested with their students during a follow-
up classroom experimentation. The AR LOs are not expected to be designed to
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enhance extra-curricular activities, but instead, to become an important part of the
main curricula and consist of reusable educational material for teachers in EU.

Secondary Education in-service teachers of STEM-related courses, not exten-
sively using laboratories and innovative technologies within their courses consist
of the core target group selected for participating in the in-service teacher train-
ing, in order to motivate them to change their teaching cultures. Also, teachers of
STEM-related courses already using laboratories, applying innovative approaches
within their courses and/or willing to include AR technologies are also included in
the training to obtain full benefits of AR, and to act as pioneers in their countries.
Priority has been given to teachers serving in classes with a particularly high pro-
portion of students from low socio-economic backgrounds. However, since the TPD
program sparked interest among other teachers as well (primary education teachers),
they have also been encouraged to join the TPD program. The school management
team has a critical role in the implementation of the TPD program, being responsible
for promoting the program and encouraging the school teachers to attend it, as well
as encouraging the guided field practice in their schools. Finally, students attending
STEM-related courses are a directly related target group, after the in-service TPD
program completion. It is also necessary to involve the students’ parents through
additional informational activities so that the school has their approval and support
(Hornby and Lafaele 2011).

7.5.2 Face-to-Face Training Seminars

The seminars consist of a combination of mini-workshops that include presentations
by experts, AR-based and hands-on activities in small groups, familiarization with
AR tools/applications, role-play, and discussions. Following the design of the EL-
STEM TPD program, the face-to-face training seminars are currently taking place
in each partner country of the EL-STEM project with around sixty (60) participating
teachers fromCyprus, Greece, Estonia, and Finland. The face-to-face training started
during Fall 2018, with a series of hands-on professional development seminars and
the project’s staff training, are currently running and will continue during Spring and
Fall 2019.

During the face-to-face training seminars, teachers are currently provided with
ample opportunities for interactive and collaborative learning through the use of con-
temporary technologies and related equipment and are engaged in authentic collabo-
rative educational activities. The personal contact developed between the researchers
and the teachers is critical for their future applications in their real classrooms.

The instructional strategies of the suggested TPD program, include open-ended
investigations, AR visualizations, collaboration and reflection on one’s own and on
others’ ideas and experiences, providing a learning environment that helps partic-
ipating teachers gain a better understanding of AR supported education, inquiry,
and interdisciplinarity. Moreover, the learning environment is expected to serve as
a model to the teachers they should also employ in their own schools with their
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colleagues, and then, in their own classrooms and school laboratories, to promote
studentmotivation towards STEM-related studies and careers. The face-to-face train-
ing seminars have been culturally differentiated for each country of the EL-STEM
consortium, to accommodate local conditions in each participating country.

7.5.3 EL-STEM Online Course Content

As alreadymentioned, the course aims to enrichEuropean secondary school students’
(aged between 12 and 18) experiences in STEM-related topics, through developing
their teachers’ knowledge and skills in teaching using the EL-STEM approach. It
has been designed to promote teaching STEM-related topics as a transversal skill for
all secondary education teachers regardless of discipline. Teachers taking the course
develop their knowledge and skills in teaching and learning using the EL-STEM
approach through exposure to innovative learning methodologies and resources, and
cross-cultural exchange of experiences and ideas. Central to the course design is the
functional integration of technology with existing core curricular ideas, and specifi-
cally, the integration of Augmented Reality and other technology-enhanced tools and
resources provided by the EL-STEM platform. Online moderated discussions allow
participating teachers across partner countries to share content, ideas, and instruc-
tional strategies. Moreover, educational content in various formats is shared (online
text, videos, manuals, additional readings, tutorials, etc.) allowing teachers to deepen
their knowledge.

The Enlivened Laboratory Methodological Guidelines (ELMG) consist of the
“heart” of the EL-STEM approach and the core content of the online course. They
provide guidelines to the teachers on how to apply the methodology of the Enlivened
Laboratories (EL-STEM), in order to create their own Lesson Plans andARLearning
Objects within their STEM-related courses. More specifically, they provide answers
to core questions, including: (a) whom they are addressed to and to whom they can
be applied, (b) where they could be implemented, (c) why they should be applied
within the context of STEM-related disciplines, (d) what approaches, and which
tools could be used and finally, (e) how they could be applied to teach STEM-
related disciplines in secondary education using AR technologies. These guidelines
are explained in-depth through the online course’s content, made of seven modules,
covering the following topics:

• Module 1: Introduction to the EL-STEM project, which is an introduction to the
project and the TPD program.

• Module 2: Enlivened Laboratory Methodological Guidelines (ELMG) (Part 1—
Who, Where, Why), which consists of a module to motivate teachers to use
student-centred approaches in their STEM-related courses and apply innovative
technologies, such as AR in their classrooms and school laboratories.

• Module 3: Enlivened Laboratory Methodological Guidelines (Part 2—What),
which consists of the main theory of the online course, including STEM-related
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concepts/Instructional&LearningApproaches related to STEMeducation andAR
environments/Understanding the differences of Virtual, Augmented and Mixed
Reality, as well as the value of laboratories within STEM education/Features and
Affordances of AR in education/Case studies of AR/MR in STEM education.

• Module 4: Enlivened Laboratory Methodological Guidelines (Part 3—How),
which includes all the necessary guidelines and tools/application on (a) how to
create a Lesson Plan applying the ELMG (teachers are also provided with Lesson
Plans examples and ideas on how to integrate the EL-STEM approach into the
school classrooms and laboratories) (b) how to create an AR/MR Learning Object
applying the ELMG (teachers are also provided with reusable educational con-
tent to be used in different STEM-related courses) and (c) tips for applying and
promoting the ELMG.

• Module 5: Using the EL-STEM Platform, including tutorials on how to share the
Lesson Plans and AR Learning Objects created, through the EL-STEM platform.

• Module 6: Evaluating the Augmented Reality STEM Teacher, which describes
the quality assurance strategy for the Augmented Reality STEM teacher training
evaluation, while assessment instruments for the inquiry-based STEM learning
outcomes are provided.

• Module 7: Getting Ready for the Pilot AR/MR STEM Laboratories! (guided field
practice), where teachers are guided for teaching their courses as “Augmented
Reality STEM teachers”.

A special emphasis of the EL-STEM TPD program is on building an online
community through collaboration tools promoting dialogue (such as forums, chats,
social media, etc.) for the exchange of ideas, educational content, tools/applications,
and instructional approaches among the European secondary education teachers,
participating in the training.

7.6 Data Collection During the TPD Program

In the context of the suggested TPD program, data collection is being implemented
since the design-preparation phase, currently, while the TPD program is running
and will continue when the teachers are going to implement their own interventions
in their classrooms/laboratories (guided field practice). Part of the EL-STEM TPD
program consists of the case study in Cyprus. Case studies are widely applied in
education and offer a personal engaging approach to collect data (Marrelli 2007;
Stake 2003). They are of added value in exploratory research areas where there
is limited previous work, similarly to the current study. During a case study, the
researchers are in close contact with the target groups (i.e., teachers and students)
to collect the necessary information. Through the deep and personal perspectives
obtained, they can identify issues that are not easily detected through other data
collection methods. It is important in data collection efforts including personal views
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of the target groups, to use two or more methods of obtaining data to ensure a broad
perspective (Marrelli 2007).

In this research, since teachers’ stated beliefs towards technology integration do
not always align with their instructional practices (Lawless and Pellegrino 2007),
they should be triangulated with (a) the responses to teachers’ questionnaires con-
cerning AR acceptance, (b) interviews’ content, (c) designed lesson plans, and (d)
researchers’ observation of the instructional practices in authentic environments,
to achieve better understanding. Similarly, when referring to students, since their
stated motivation towards STEM-related disciplines does not always align with their
performance and twenty-first-century skills acquired, they should be triangulated
with (a) the students’ performance assessment (worksheets, achievements, tests, etc.)
(b) interviews’ content and (c) researchers’ observation of the learning process in
authentic environments to achieve better understanding.

Gall et al. (2007) identified five different tools of collecting research data in the
context of case studies in educational research: self-report measures, questionnaires,
performance assessments, interviews, and observations. Taking this into consider-
ation, the current research uses multiple data collection tools with the purpose of
(a) triangulation while seeking convergence of findings and (b) expansion to extend
the breadth and range of inquiry. Because of the complex nature of this study, both
qualitative and quantitative data are necessary to reach more in-depth results.

7.7 Concluding Remarks

There are already numerous studies highlighting the benefits of Augmented Reality
technology to teach STEM-related concepts. Providing teachers with professional
development opportunities that will equip them with the required knowledge and
skills to effectively infuse AR into teaching and learning is of utmost importance. In
order to bring the necessary changes in teaching cultures that will enable teachers to
effectively implement inquiry-based instruction within the school curricula through
the functional integration of AR with existing core curricular ideas, in the context
of the EL-STEM project, a high quality in-service TPD program has been designed,
developed and currently running, based on STEM-related theoretical frameworks,
with emphasis on Phillips’ revised TPACK framework.

The innovation of this framework lies on the adoption of a more systemic
approach, putting emphasis on the socially mediated contexts in which in-service
teachers develop their TPACK. Our anticipation is that the TPD program described,
will contribute to the efforts within STEM education for effective integration of AR
technologies. The utilization of the socio-cultural context in which teachers’ profes-
sional development occurs, will promote teachers’ and other key stakeholders’ active
participation, and the development of a culture of dialogue. This, in turn, could con-
tribute towards the creation of a flexible environment that supports the exchange of
ideas, experiences, cooperation, and experimentation as processes of added value.
Through the use of these strategies, we provide a blended learning environment that
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can help participants gain better understanding of STEM education, inquiry and
interdisciplinarity, as well as innovative technologies, such as AR. Moreover, the
learning environment serves as a model to the teachers concerning the learning sit-
uations, technologies, and curricula they should employ in their own classrooms to
promote student motivation towards STEM studies and careers.

To sum up, the abovementioned TPD program suggested for in-service teachers of
STEM-related courses, aims not only to enhance the competencies of the participants
in the context of the EL-STEM project, but also set the foundations for designing
EU in-service TPD programs focused on AR technologies. The TPACK framework
is expected to create a positive and supportive culture concerning AR and finally,
lead to the effective integration of these technologies within STEM-related courses.
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Glossary of Terms

Augmented Reality (AR) an enhanced (augmented) version of the real environ-
ment overlaying digital information/objects being viewed through a device (such
as a smartphone and/or tablet camera).

ELMG The Enlivened Laboratories Methodological Guidelines (ELMG) consist
of the “heart” of the EL-STEM approach, useful for enhancing the teaching
and learning processes in the context of STEM-related disciplines by using the
innovative technologies of AR and MR.

Learning Object online resources or interactive software used for learning.A single
image, a page of text, an interactive simulation, or an entire course could all be
examples of learning objects.

STEM Science, Technology, Engineering, and Mathematics.
STEM pipeline the decrease in the number of students pursuing STEM-related

studies and careers.
STEM Skills those skills expected to be held by people in the subjects of science,

technology, engineering, and mathematics.
Teachers in-service lower and upper secondary education teachers of STEM-related

courses, teaching Mathematics, Physics, Chemistry, Computer Science, etc.
(unless stated otherwise).
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Chapter 8
Emerging Technologies: Impacting
Learning, Pedagogy and Curriculum
Development

Margarete Grimus

Abstract This chapter explains the relationship and interconnection of general
issues involved in the development of digital skills as an essential precondition for
lifelong learning. While technology is changing faster than ever, it is necessary to
develope skills early in education with inclusion of appropriate core skills for digital
citizenship. This includes formal education (from early learning to higher educa-
tion), with implications on curriculum development and educational policies. Even
more important is an ongoing curriculum adaption in the field of teacher educa-
tion and professional development. It includes rethinking the roles of teachers and
learners and transforming the learning environment. New pedagogies are supporting
individual learning strategies for knowledge development and self-directed learning.
Since education systems are rationally developing slowly, examples are presented for
supplementing personalized learning with open pedagogy and integration of educa-
tional technologies. In higher education, new tools and strategies offer a wider range
of personalized learning opportunities, for example, massive open online courses
(MOOCs) and open educational resources (OER). These tools offer new ways for
self-directed learning and at the same time demand educational institutions and lec-
turers to cooperate and reorganize learning material, curricula and study plans. Fur-
thermore, it challenges governments to provide appropriate infrastructure in general
and especially in institutions for education.

Keywords Digital citizenship · Digital skills · Innovative pedagogy · Curriculum
development · Policies in education
The use of emerging technology and software is commonplace in everyday life, and
digital competence is vital for participation in today’s society and economy. Digital
technology has led to an increased interest in considering its potential applications in
education. Learning in aworld of emerging technologies challenges theories of teach-
ing and learning. The move from instructor- to learner-based education is a major
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paradigm shift, both fueled and supported by advances in technology. The affordabil-
ity of low-cost mobile technology has induced intense interest and experimentation.
The challenge is to make effective use of new technologies while preparing stu-
dents for productive lives in the twenty-first century (Spector 2014). This is putting
high pressure on governments and stakeholders. It implies changes in education
systems, policies (adapting the curriculum to future needs), educational leadership
(coordination of institutions) and taking advantage of emerging fields (e.g., learn-
ing analytics, adaptive learning, flipped classrooms, next generation of MOOCs and
artificial intelligence). Furthermore, it challenges the education ecosystem in terms
of investments in ICT infrastructure and developers of software and content (Reeves
2009). Learning analytics, for example, is still evolving and gaining traction within
higher education (Johnson et al. 2015).

8.1 Background

The impact of globalization and technological innovation on all areas of human life
is creating both new demands and opportunities for emerging markets. Everybody
needs to become a responsible member in the digital citizenship. ‘Digital citizenship
is the responsible use of technology to learn, create, andparticipate in today’s society.’
James et al. (2019) brieflyworded as ‘the way a person participates in society online’
(Mossberger 2009).Twenty-first-century skills are a sample of learning skills, literacy
skills and life skills (Thoughtful Learning n.d.). They must be tackled in general,
but especially in a significant transformation in the development of education and
learning skills (Auer et al. 2018; Bates 2015).

The half-life-time of skills is rapidly falling, placing huge demands on learn-
ing. The exponential acceleration of technological developments and the need for
flexibility and agility are challenging learners over all ages. There is increasing
understanding that new areas of knowledge, competences and behaviors need to be
integrated into curricula if young people are going to function well in an increasingly
complex global society (Hughes and Acedo 2016).

Digital competence of young people is crucially important when technology is
changing faster than society. The labor market increasingly demands higher-order
skills.Development of soft skills such as creative problemsolving, conflict resolution,
communication and teamwork build the connections between classroom and real-
world learning. Businesses seek to keep up to date with rapidly changing technology
through training, and students must be prepared for lifelong learning to keep up with
transformations in work and workplaces. However, there is a considerable body of
literature arguing that current education systems are failing learners in an increasingly
digital world (Selwyn 2011).

Some interacting issues influencing developments in learning and education in
the light of lifelong learning are depicted in Fig. 8.1.
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Fig. 8.1 Relevant dimensions influencing education, formal and informal learning in a digitally
driven world selection

8.2 Learning in a World of Emerging Technologies

Learning occurs seamlessly between the classroom and everyday activities (Hegarty
2014). Learning is facilitated not only by teachers, even more often by peers and in
the workplace. The learner must be able to reflect on the experience, use analytical
skills to conceptualize the experience, make decisions and solve problems to use the
ideas gained from the experience. Knowledge is continuously gained through both
personal and environmental experiences. Digital technologies allow for students to
have far more access to constant information than past generations and technology
bridges learning inside of the classroom into student’s everyday lives.

8.2.1 Twenty-First-Century Skills, Requirements for Lifelong
Learning

Twenty-first-century (learning) skills are outlined as a set of abilities that students
need to develop in order to succeed in the information age. The International Educa-
tion Advisory Board suggests that twenty-first-century learning is and will continue
to be linked to information technology. That’s why there is an increasing demand for
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a thorough review of knowledge, skills and character necessary for deep and relevant
learning. Governments around the world seek to equip young people with the skills
they need for life and employment (Hughes and Acedo 2016; Cruz n.d; Schuwer
2017).

8.2.2 Digital Literacy

Twenty-first-century Literacy Skills comprise skills in Information Literacy, Media
Literacy skills and Technology Literacy, briefly summarized as Digital Literacy.
Information Literacy refers to effective search strategies and evaluation techniques
(learn how to evaluate the quality, credibility and validity ofwebsites).Digital literacy
is the ability to find, evaluate, utilize, create and share content in meaningful ways
that require critical and creative thinking skills. (Spires et al. 2018; New Zealand
MLP, 2015; Lynch 2018a).

With the increased importance of technology in society, digital literacy has gained
recognition as amost valuable tool for lifelong learning. It is important to be aware of
limits and barriers of technology for self-directed and lifelong learning. A digitally
fluent person can articulate why the tools he/she is using will provide the desired
outcome (New Zealand 2016; Guo 2016) (Fig. 8.2).

Digital Content
Locating & Consuming

Digital Content
Communicating

Digital Content
CreatingCritical Evaluation

Digital 
Literacies

Fig. 8.2 Digital literacy (adapted from Spires & Barlett 2012)
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8.2.3 Skills

Digital literacy encompasses skills that differ for educators and learners, because
teaching with technology is inherently different from learning with it (Johnson et al.
2015; IFLA 2017; Kavanagh and O’Rourke 2016). It addresses the vision for young
people to be confident, connected, actively involved lifelong learners. Safety and
security concerns underscore the need for children and young people to learn—and
for teachers to teach—digital literacy (New Zealand 2016). Briefly summarized,
digital literacy benefits learning by confident using digital content and tools that
match the purpose in learning; it enables people to continue learning after having
left the classroom and make the best of available opportunities (Grand-Clement et al.
2017; Spante et al. 2018).

Soft Skills: Soft skills together with the use of technology empower finding,
analyzing and synthesizing information aimed at solving problems.

• Critical Thinking: The ability to think clearly and rationally, to analyze and com-
bine information to develop their own understandings, separating facts fromfiction
as well as being able to reflect independently (questioning how authentic, valid
and useful digital information is).

• Creative Thinking: Using digital tools for accessing, creating, designing and shar-
ing digital content in purposeful ways, develop approaches to problem solving
(important when a problem requires an innovative solution). This encourages to
grow and encourages (young) people to take risks.

• Collaborating and Communicating with people of different cultures: Cloud com-
puting enables collaboration that transcends physical distance and geopolitical
borders to establish and strengthen positive online communication and collabo-
rating with others (adapted from Grand-Clement et al. 2017; Bolstad 2017; Guo
2016 ).

8.3 Learning and Education

Learning is a constructive process, involving the active construction of knowledge in
both formal and informal learning. Technology is transforming the teaching process
into one that is more interactive, allowing working collaboratively to share ideas,
documents and video in a cloud-based environment. It allows teachers to focus on
how the technological, pedagogical content knowledge is changing the student’s
interactions with their learning goals.

Technology-enhanced learning takes place in different forms and contexts, types
of learning get blurred, including formal and informal settings, individual and collab-
orative learning, learning in the classroom, at home, at work, and outdoor in real-life
situations, as well as desktop-based learning and learning by using mobile devices
(Graf et al. 2012).



132 M. Grimus

Lifelong learning, as defined by the Organization for Economic Cooperation and
Development (OECD 2016a), comprises a combination of formal, non-formal and
informal learning.

Formal learning opportunities are usually arranged by schools or institutions;
learning is planned, organized and structured, guided by a curriculum or a formal
program, corresponding to laws and norms. It provides results in a predefined time
frame and is quantifiable and measurable (Werguin 2010). Formal learning is not a
lifelong process.

Non-formal and informal learning can make it more attractive for people to
engage in self-directed learning and can reduce the costs associatedwith formal learn-
ing (e.g., shortening the time required to acquire qualifications in formal education)
(ibid).

Non-formal learning may or may not be intentional or arranged by an institution
but is usually organized in some way. There are no formal credits granted (ibid).

Informal learning is never organized or predesigned to achieve a particular set
of skills in a set time frame. It is quite difficult to quantify and measure (validation
and recognition of the informally obtained knowledge). Rather than being guided
by a rigid curriculum, it is often thought of experiential and spontaneous activities
(Werguin 2010). Informal learners are motivated and eager to learn. They are not
only interested in gaining deeper knowledge, but they get a better understanding of
the subject under discussion (Raccon Gang Blog 2018).

Because learning goes beyond the classroom in various and potentially challeng-
ing ways in terms of managing the access to sensitive information or potentially
harmful content, it is also necessary to include relevant topics into the curriculum
(Grand-Clement et al. 2017).

8.4 Pedagogy: Integration of Educational Technologies

Pedagogy needs to enable different ways of learning and to rethink students’ inter-
actions with specific topics. The role of technology in schools increases and can
help to make schools more effective and engaging. Young people appreciate digital
technologies to connect, communicate, play, create and learn in ways never imagined
just few years ago. They need to develop confidence and skills for research on issues
they are interested in by themselves. Education needs to empower young people to
use these resources confidently and wisely and in positive ways. Students cannot
simply be taught specific solutions; they must be prepared to learn how to learn.

Teachers should question themselves how well the technology tools are helping
students meet the learning goals and possibly enhance the learning goals when
considering a specific strategy (Kolb 2017).

Some recommendations for teachers to focus on how technology is meeting and
possibly exceeding the learning goals are outlined below.
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• Does this strategy help student’s engage in learning about the content?
• Does this technology

• help student’s focus their attention on the content?
• help them develop a more sophisticated understanding of the content?
• move students from passive to active learners in the content?
• create a way to make it easier for the students to understand or interact with
the content? allow students to demonstrate an understanding of the content that
they could not do with traditional tools? (adapted from Kolb 2017).

8.5 Pedagogy—Strategies, Instructional Design

Technology enables differentiated instructional approaches and individualized deliv-
ery systems. In formal education, it is important of making the distinction between
using technology to learn, rather than teaching how to use technologies (Grand-
Clement et al. 2017).

A progressive–constructionist shift in pedagogy is needed to help young people
prepare for life in today’s society and the potential of personally initiated learning. In
a learner-centered environment, learners own and co-design their learning actively;
students are taking ownership of the learning process to become a lifelong learner.
It implies to rethink how learning spaces should be configured, shifting from an
instructor-led education to a learner-based environment (Parsons and Mac Callum
2017). Thoughtfully cultivating the use of technology in the classroom by empow-
ering teachers to utilize the tool in ways that support their learners is critical in the
transition to a personalized learning environment (Johnson et al. 2014; UNESCO
2017a; Tritz 2015).

From early learning through adulthood, digital literacy is showing the most
promise for success (Lynch 2018b). Research indicates that students can develop syn-
thesizing minds through well-designed lessons where they learn information literacy
as a regular feature of each year’s curriculum (Hughes and Acedo 2016).

Innovative pedagogies address practices of teaching, learning and assessment
for the technology-enabled world. A brief literature review of innovative pedago-
gies attests the outcome of successful projects when using emerging technologies
(Ferguson et al. 2019).

8.5.1 Personalized Learning, Open Pedagogy

Access to quality educationmeans access to personalized learning (UNESCO2017a;
INTEL Toolbook 2017; INTEL Guidebook 2015). Personalized learning is teaching
and learning that is focused on the background, individual needs, potential, interests
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and perception of the learner. It enables learner to take ownership of their learn-
ing (Bray and McClaskey 2015). Students should be given opportunities to provide
feedback to their teachers so that they can adjust the learning process, including
supportive technology and material to plan instruction accordingly.

Assistive technologies are valued as beneficial for personalizing learning.
Research shows generally positive relationships between personalized learning
and educational outcomes indicators of engagement and academic achievement
(DeMink-Carthew et al. 2017; Bray and McClaskey 2015). Although personalized
learning does not rely solely on new technologies, access to the online material can
allow individual learners to take their learning further (UNESCO 2017a).

Critical and creative thinking requires an open-minded approach from the teacher.
Open pedagogy can move learning from content to action (Hegarty 2015). Attributes
for successful contribution to an open pedagogy are based on the use of participatory
technologies for interacting viaWeb, social networks andmobile apps. It can support
developing trust, confidence and openness for working with others. Furthermore, it
can encourage spontaneous innovation and creativity. Ideas and resources can be
shared freely to disseminate knowledge, participating in a connected community
of professionals, and facilitate learner-generated contributions to open educational
resources (OER). It offers opportunities for reflective practice and peer review (ibid).
Students are more likely to develop critical thinking skills when they feel free to take
risks, are corrected without feeling criticized, and discuss different opinions in open
learning spaces (Hughes and Acedo 2016). OER can be estimated as an integral
component of an open pedagogy.

8.5.2 Digital Tools in Education

Technology is now heavily involved in learning processes where students get deeper,
active learning experiences. Educational technology provides the digital resources
that open doors and minds to diverse learning models and teaching strategies.

Depending on the goal of learning, a growing range of options are available for
enhancing teaching in face-to-face classroom settings by delivering information via
digital technologies. Options are collaboration and other class activities, peer assess-
ment, Web-based tutorials, online courses, video conferencing, multimedia presen-
tations, and computer-assisted instruction delivered over a network, available also
for using wireless handheld devices. Tools are available for feedback and grading,
student-to-student and student-to-instructor interactions, collaborative activities, etc.

Technology can benefit teachers and students when it is implemented correctly.
Most important is that learners are trained in advance for effective use of technology
related to the didactical design (Khalikova 2017).

Technology that simply did not exist ten years ago allows now to use electronic
devices to access the wireless network on the school system’s filtered Internet. Stu-
dents having access to tablets and smartphones outside school grounds are also
already comfortable with the technology. The amount of individualized learning
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available on tablets that are equipped with Internet technology is virtually limit-
less. It offers the potential for student learning adaptation in the classroom. Bring
your own device (BYOD) is nowadays common in many schools, especially in the
Western world. Students who bring their own devices into the classroom eliminate
initial costs for schools; the downside is that not all students can readily afford such
technology.

Cloud computing technology with unlimited potential for educational collabora-
tion is becoming an easy-to-use tool in K-12 classrooms, saving space and money.
Many K-12 educators are also coming to expect that content on any given topic
already is available to teachers and to students. It can be shared and does not need
to be always recreated or purchased.

8.5.3 Examples for Technology Integration in Education
(Selection)

• Content for flipped classroom: online available digitized lectures, e-books, videos,
podcasts, Web article learning programs, news report, etc.

• Discussion boards can help to facilitate discussions and other activities during
class: online chat, Skype. They can also be used for exchanging a variety of media
(images, photographs, videos, audio messages, etc.).

• Social media channels for communication out of classes: Skype, Twitter (creating
a classroom hashtag and invite students to tag relevant material), instant messag-
ing apps, WhatsApp, Pinterest (creating digital collages with the possibility of
commenting on and sharing collected images and videos), Snapchat, Instagram,
YouTube, Tumblr, Facebook, etc.

• Quizzes.
• Gamification.
• 3D printing allows K-12 students to create tangible models for their ideas.
• Virtual reality can help students in bringing experiences to life through animation,
physics, and spatial audio.

• Artificial intelligence allows innovations with deep learning capabilities that can
now know users at a higher level—not merely interpreting user commands but also
understanding user behaviors and emotion (adapted from European Commission
2018; Carr and Cameron-Rogers 2016; Godwin-Jones 2018).

Classroom response system (also known as clickers) is gaining interest for cre-
ating a poll with multiple-choice questions; clickers are distributed among students
who then click a button corresponding to their chosen answer. The response sys-
tem hardware is connected to the teacher’s laptop and collects real-time analytics
and projects them to the class. Online polling is mainly used in higher education,
for example, Learning Catalytics, which works on students’ personal devices, e.g.,
mobile phones and laptops (Khalikova 2017).
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8.6 Transforming the Learning Environment

8.6.1 Rethinking Learners’ and Teachers’ Roles

It is observed that there is a role reversal in the digital age, moving away from the idea
that learning is a one-way process, recognizing the importance of the term coaching,
as opposed to the term teaching (Grand-Clement et al. 2017). The younger generation
is more likely digitally literate than their teachers, because increasing information is
available online.

There is no need to teach students to memorize facts, instead addressing learning
as a constructive activity, where students create knowledge by interacting with tools
and resources. The aim is to shift education from a passive, teacher-driven endeavor
based on uniform curricula to an active process that puts students at the center by
meeting students at the intersection of their abilities and their interests (Rashawn
et al. 2017).

Educators’ role is being more of a guide or mentor, enabling a more personal
learning experience, as opposed to be a source of knowledge (Grand-Clement et al.
2017; Bray and McClaskey 2015). Educators guide the learner how to access and
evaluate information and empower students to think critically, behave safely, par-
ticipate responsibly and harness the full potential of technology for learning in our
digital world (SWGfL 2015). Students (and teachers) learn about copyright and fair
use, addressing plagiarism, distinguishing piracy, employing strategies for staying
safe between inappropriate contact and positive connections (Grand-Clement et al.
2017).

Students and teachers need to develop responsibilities and rights as creators in
the online spaces where they consume, create and share information. They need to
use tools and materials that emphasize skill building, media creation and decision
making (Bolstad 2017; Tondeur et al. 2012). It includes developing a team spirit,
providing support andmentoring, asking for questions rather than asking for answers
when guiding the learner into future learning avenues (Grand-Clement et al. 2017).
Technology can effectively support teaching and learning, but technology cannot
replace the teacher (OECD 2016b). Digital learning does not mean learning on a
mobile device (tablet, smartphone); it means bringing learning to where learners
are. It is a way of learning not a type of learning (Bersin 2017).

8.6.2 Adaptive Learning Tools

An Adaptive Learning Program (ALP) applies to content and to assessments (Lynch
2017b). Adaptive learning is a data-driven approach to instruction and remedia-
tion adjusting to students’ demonstrated performance to provide content and learn-
ing resources (Keeling et al. 2015). It is a more personalized, technology-enabled,
data-driven approach to teaching and learning as measured by student engagement,
persistence and outcomes.
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Digital adaptive learning tools use learning analytics, allowing teachers to modify
the way they present material based on the performance of individual students. ALP
can respond to student’s interactions in real time by automatically providing the
student with individual support and to enable human tailoring of responses (Lemke
2013). Students are able to track their own learning, which helps them develop self-
monitoring skills and fully engage in their learning progress. Although some teachers
are being forced to use online grading tools and devices, analysis tools are becoming
more precise (Khalil et al. 2018).

8.6.3 Open Educational Resources (OER), Massive Open
Online Courses (MOOCs)

Concepts associatedwith new strategies in educationmovement are open educational
resources (OER) andmassive open online courses (MOOCs). They are freely accessi-
ble resources and can be reused, revised, remixed and redistributed (known as David
Wiley’s four Rs (2013)). OER make learning and teaching material more accessible
and useful by altering their copyright regime (James et al. 2019; Nascimbeni et al.
2018). Creative Commons (CC) license attributions became a key aspect of the OER
movement (Reed 2012). Open licensing means that resources can be altered, reused
and/or repurposed to suit requirements within specific contexts, depending on the
exact terms of the license. Furthermore, OER can lead to greater student autonomy
in the student–teacher relationship (Donovan et al. 2019).

While OER has the ‘potential to place a “heavy footprint” in real-world settings
across educational sectors, ages and grade levels,’ OER use is not that much common
as it could be in today’s professional development activities around the world, and
even less in the developing countries (Ehlers 2011). According to Moon and Villet
(2017), there has been little work on exploring how educators utilize OER in their
practice. A reason might be that it can be frustrating how and where appropriate
OER can be found matching the specific need or purpose (Veletsianos and Kimmons
2012).

Another challenge commonly stated in the literature is that there is a deficit in
assuring the accuracy of information diffused throughOERand that quality assurance
of OER is not an easy process (Wiley 2017; Cox and Trotter 2016). This is an
important issue, becauseOER (open content and open licensing) can be very useful in
teacher education and further development. Kanwar andMishra (2015) indicated that
since openness can allow any user tomodify the content, a big questionmark emerges
in regard to the question of, ‘Who is responsible for the repurposed content? (p. 121).
In some states and districts in the USA, policies regarding the OER movement are
documented (Bakia et al. 2012). However, there are no globally recognized standards
for developinghigh-qualityOER(Kawachi 2014;Kanwar andMishra 2015;Emerson
2013; Andrade et al. 2011).
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Kanwar and Mishra (2015) recommended intensifying cooperation in OER prac-
tices of teachers in the developing parts of the world together with those in the
developed world to contribute to the expansion of the OER movement. Instructional
resources and activities designed in the developing world might be translated and
localized vice versa. In an age of declining school funding and increased needs for
education, teacher awareness, understanding, and adoption of OER are vital. Support
for (re)use and production of OER through institutional policies is a considerable
issue.

A massive open online course (MOOC) is a type of online learning environment
that has the potential to increase students’ access to education (Khalil et al. 2018).
MOOCs are becoming widely popular; they are typically asynchronous, allowing
everyone and at every location in the world to participate in seminars offering them
online easy access to a course or program from home (James et al. 2019). However,
low completion rates in MOOCs suggest that student engagement and progression
in the courses are problematic (Khalil et al. 2018; Lackner et al. 2015).

8.6.3.1 Blended Learning and Online Learning

Blended learning is a combination of face-to-face and online learning and teaching;
it benefits student learning and achievement by providing flexible options (Donovan
et al. 2019). Recommendations for online learning are provided by Russel (2017),
for example, specific schedules for teacher presence, timely teacher feedback, varied
assessments, collaborative work, etc.

8.6.3.2 Mobile Learning

An advantage to using mobile devices, compared to other technologies, is the likeli-
hood that these devices are already familiar to students. Because of their portability,
flexibility and intuitive interfaces, mobiles are gaining increased interest in schools,
and a growing number of them have turned to tablets as a cost-effective strategy for
one-to-one learning. They are efficient and affordable devices for sharing educational
resources. Collaboration as an option of mobiles can enhance the classroom learn-
ing dynamic (Godwin-Jones 2018; West 2013). Use of mobile devices in education
can be based not only on traditional pedagogies, but also on constructivist principles
(Cox and Trotter 2016). It is important to raise students’ awareness toward the useful-
ness of mobile learning. Use of mobile devices takes careful preparation. Thoughtful
implementation guidelines should be developed and agreed to by all stakeholders.
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8.7 Policies in Education and Resources

Policies provide advice for schools, students, parents and the wider school com-
munity on the provision of education services and decision-making processes. Poli-
cies, practices, processes and outcomes are dynamically interrelated. Governments
in every country set up the overall framework that shapes the education system and
defines its operation by determining the organization and structure. Educational lead-
ers who are involved and engaged with technology initiatives can have a significant
impact on school culture and on achieving desired goals. OECD researches and pub-
lishes national policies in various countries; the education system in many countries
is still perceived as traditional in its structure and implementation. The challenge for
policymakers is to develop processes for recognizing learning environments that will
generate benefits both to individuals and to society at large (Werguin 2010).

The European Commission works closely with national policymakers to help
them develop their school education policies and systems. While each country is
responsible for the organization and content of its education and training systems,
advantages inworking together on issues of shared concern are elaborated inworking
groups. The working group on Digital Education, Learning and Teaching, developed
a digital action plan (DAP) by emphasizing three main goals:

• making better use of digital technology for teaching and learning,
• developing digital competences and skills, and
• improving education through better data analysis and foresight (European Com-
mission 2018).

Innovative and entrepreneurial spirit in education and training should be fostered
and supported with clear political willingness. They point out that there is a need
to share, discuss and promote and, where possible, scale up innovative practice.
Concepts, tools, methods, processes, systemic thinking and design thinking need to
be more accessible to support technology use and digital competence development
in education. Education professionals are usually not fully aware of what is tried and
tested elsewhere (ibid, p. 3).

The OECD researches policy options for a wide range of topics in education,
publishing reviews on national policies with a two-year follow-up study on progress
and developments. The aim is to identify and develop the knowledge and skills (e.g.,
low-resource schools, universities in high-income countries, and vocational centers)
for evidence of successful ICT in education practices in order to support countries
in shaping their policy guidelines (OECD 2016b).

8.8 Curriculum Development

Contemporary curricula are often criticized for learning within the parameters of
traditional subjects as inadequate in the twenty-first century. The rigidity which has
characterized the curriculum required all students to study exactly the same content in
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exactly the same way, often at exactly the same pace. While knowledge has emerged
in recent decades, existing subject structures, roles, impact of technology and issues
related to environment and sustainability do not match the demands in the curriculum
any more (UNESCO 2017b). This must be replaced by a more flexible approach.

8.8.1 Affordances and Support

Only through flexibility within the curriculum can the wide and ever-changing range
of needs, interests and aspirations of students truly be acknowledged. A principle
of flexibility will ensure that a range of opportunities and pathways are provided to
students. UNESCO’s Training tool series offers training for curriculum development
online, which is frequently updated (UNESCO IBE 2017a; UNESCO 2018a, b).

The impact and challenges of technology, media awareness and understanding
should be taught across all subjects appropriately. Content, learner involvement,
instructor guidance and technology solutions need to evolve to keep pace with devel-
opments (Tritz 2015). It is therefore important for curricula development to empha-
size and assess rigorous, creative and critical use of source material, starting at an
early age, with and through increased collaboration between classroom teachers,
librarians and coordinators of technology for learning (Hughes and Acedo 2016).

Educational institutions must adapt and embrace changing pedagogies and
develop the curriculum accordingly (Tritz 2015). According toHeick (2019), schools
need to explore not only how to use technology but also how it can open up new
and different ways of learning. Curriculum shifts need to focus on various forms of
active learning and flipped classrooms and scale up team-based and problem-based
learning environments. Curricula need to be deeply redesigned on the dimensions
knowledge, skills and character, summarized as Meta-learning Framework (Fadel
et al. 2015). Learning objectives need to be defined as outcomes that are measurable.

The curriculum plays also a vital role as an articulator of STEM (Science, Tech-
nology, Engineering, and Mathematics) competences (Incheon Declaration 2015).
It underscores the crucial role played by STEM in finding out innovative solutions
in order to forge sustainable development and sustainable lifestyles. Emerging tech-
nologies support updates in curricula and learningmaterial. Froma curriculumdesign
perspective, there is a critical need for more flexibility (Hassler et al. 2016).

UNESCO published a curriculum prototype which draws on the experience in a
wide range of countries and regions. It outlines five stages for curriculum develop-
ment: Evidence Gathering—Preparation—Development—Implementation—Mon-
itoring and Evaluation (UNESCO 2017b). The curriculum should be adjusted to
national needs and content and updated more frequently. Training activities to each
stage are attached, requiring the completion of several tasks and subtasks, related to
decisionmakingor formulation of responses (ibid).A report of curriculum-guidelines
of 10 countries provides insights in ongoing developments (Cox 2017).

The Ministry of Education in New Zealand has developed a draft vision of Life-
long learners in a connected world. It provides a snapshot on education in New
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Zealand in 2025 as ‘a highly connected, interdependent education system’ and pro-
vides additional resources for curriculum development. They are divided into four
sections: state-of-the-art infrastructure, twenty-first-century teaching and learning,
access to quality content and resources and equitable access (New Zealand 2016).
Each section addresses policy makers, planners and curriculum developers to take
care for schools and school libraries to provide students with access to digital tech-
nology for the development of digital literacy skills in order to support learning and
development.

Affordances (selection, adapted from New Zealand MLP 2015).

• state-of-the-art information communication technology (ICT) infrastructure to
ensure learning can occur anytime, anywhere,

• twenty-first-century teaching and learning through digitally literate teachers and
students and innovative practices,

• easy and safe access to quality digital content, resources and tools,
• equitable access to digital technologies to enable every student to learn regardless
of location, learning needs or family background.

Recommendations (ibid).

• commit to meeting the needs of twenty-first-century learners,
• achieve equitable access to digital devices for every learner,
• invest in people and innovation,
• create future-focused learning environments,
• invest in high-quality digital content and systems tomake content easily accessible,
• build regional capability through collaboration,
• build a robust evidence base,
• implement a coordinated, system-wide effort to align curriculum, digital technolo-
gies, property, infrastructure, funding and legislation,

• design a coherent, flexible and robust funding structure to support twenty-first-
century learning.

8.9 Teacher Education

Curriculum development needs to be considered in teacher education and profes-
sional development programs in context with approved and new evaluation methods.
It has to be outlined how digital technologies can supplement pedagogical princi-
ples that are specific for using technology in instructional settings (Heick 2019). It
includes how to embed digital skills into the curriculum and provide educators with
the support they need to teach them.

The European Commission (Department Education and Training) published a
series on the topic of teacher education. It claims more support for teachers, school
leaders and teacher education, including career-long professional learning opportu-
nities (ICF 2017). The EUworking group has developed a ‚guidance for policymaker
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on quality assurance for school development to ensure a more effective, equitable
and efficient governance of school education and to facilitate learner mobility.

Tondeur (2018) recommends effective strategies to support preservice teachers to
adequately integrate ICT in teaching and learning activities. He puts the focus on the
strategies included in the SQD (Synthesis of Qualitative Evidence) model (UNESCO
2018/Ed WS/43).

• Using teacher educators as role models,
• reflecting on the role of technology in education,
• learning how to use technology by design,
• collaboration with peers,
• scaffolding authentic technology experiences, and
• providing continuous feedback.

8.10 Discussion

Education and training stakeholders are the key players in making innovations main-
stream. Emphasis in schools is often directed at technical digital skills, whereas soft
skills, being just as important, are not as highly relevant recognized (Grand-Clement
et al. 2017).

Mobile technology has potential to change the student–teacher dynamic for the
better, though only if implemented correctly. There are different affordances in
technology-enabled training (digital education) related to school levels. While some
curricula already include many twenty-first-century competencies, the challenge lies
in the need for systematic implementation of the curricula through alignment with
appropriate pedagogy and assessment. This implies that in many cases there is
also a need to refresh curricula to reflect the skills more explicitly. Shifting from
instructional design to experience design and using design thinking is necessary.

Schools need to provide resources for teachers to feel comfortable when teaching
in mobile technology formats. Teaching material must be redesigned in terms of
mobile technology (Ally 2009). Higher engagement from K-12 students who use
mobile technology is often recognized as a direct result of feeling of ownership on
the part of the student.

OER requires a significant change in practice and the development of specific
attributes, such as openness, connectedness, trust and innovation. Decreasing the
cost of education for students becomes possible through OER use in classrooms
(Bliss et al. 2013). Instructors need to be trained necessary skills to be able to create
and/or use OER (Lynch 2017a). These attributes translate into open educational
practices (Hegarty 2015).

Particularly in higher education technological change (adoption of new technolo-
gies for learning) is being driven by students’ demand. Through a fusion or integration
of informal and formal learning, students can consider teachers as co-learners and
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recognize learning as a partnership model (Henderson et al. 2015; Hall 2009; Dab-
bagh and Kitsantas 2012). It is important for a learner to make a smooth transition
from formal to informal learning, promising the idea of ‘continuity.’

When looking ahead to the future, institutions must encourage close collaboration
between instructors and technology experts early in curriculum design (Tritz 2015).
The use of technology in education should be fed back from educators to EdTech
developers (Grand-Clement et al. 2017). Educational technology companies should
provide more evidence of the technology’s usefulness and better communicate the
technology’s value and importance. EdTech providers should explore the pedagogy
behind the use of the technology. It is important to bridge the disconnection between
EdTech producers/distributers and educators to improve technology, software and
efficiency for learning.

While technology is transforming the future of education, outdated infrastructure
for classroom technology can pose a distraction. Connection hassles and classroom
delays when trying to link display systems and user devices can lead to decrease
productivity and disengage students (UNESCO 2017b). Furthermore, young people
can also be discouraged by low-level technologies used in schools, compared with
the high-quality digital content that they are used to outside school.

Nagel (2013) refers to an assessment gap in how changes in curricula and new skill
demands are implemented in education. He states that schools do not always make
necessary adjustments in assessment practices as a consequence of these changes. In
the light of learning in the digital age, it needs to consider new evaluation instruments
for individual learning progress. Education should be measured in terms of skills and
development, rather than in terms of content and learning outcomes. This needs a
substantial rethinking of the examination system (Grand-Clement et al. 2017; Care
et al. 2018).

8.11 Conclusion

The goal for students is to be able to learn and work safely and effectively in a digital
environment, choosing the most appropriate tools for their tasks which are essential
for quality learning. Learner’s abilities for using knowledge and having problem-
solving skills are associated with the quality of adopted and applied curriculum
(Gencel and Saracaloğlu 2018). For students with special needs, modern technology
can change their life by offering access to learning.

Improvement of formal education and lifelong learning builds on two main
sets of skills: digital and technology skills and the so-called soft skills, which are
increasingly important in order to participate in the digitally connected society.

With the rise of digital technology in the classroom, it becomes easier for teachers
to personalize lessons, instructions and projects for each student or group (Russell
2017). Teachers must acquire (evolve) skills, attitudes and understanding to support
students to develop the necessary information literacy skills together with technol-
ogy skills and critical thinking. Progress can be achieved when motivated teachers
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are willing to explore new teaching methods with integration of (mobile) devices
commonly owned and used by the students. Ongoing professional development is
necessary for teachers to learn how to effectively use different types of educational
technology aswell as strategies to implement technology across content areas. Teach-
ers can focus on the work of each student and provide feedback, grades and reports
directly to students through online platforms. It offers opportunities for students to
collaborate from a variety of places and peer-to-peer learning.

Further research is required to identify the skills needed today and to predict
where skills gaps and shortages may emerge.

Glossary

Twenty-first-century skills Skills necessary for all children to succeed as citizens
and workers in this century. These skills such as collaboration and team work,
creativity and imagination, critical thinking, problem solving, digital literacy and
citizenship (retrieved fromTheGlossary of EducationReform, http://edglossary.
org/21st-century-skills/).

Adaptive learning is an approach to creating a personalized learning experience
for students; it is a (sometimes nonlinear) approach to instruction and remedi-
ation, adjusted to a learner’s interactions and demonstrated performance level,
subsequently anticipating what types of content and resources learners need at a
specific point in time to make progress. (Source: The Journal, https://thejournal.
com/articles/2014/05/14/adaptive-learning-are-we-there-yet.aspx).

Blended learning Learning occurs online and in person augmenting and supporting
teacher practice. It allows students to have some control over time, place, path
or pace of learning. Source: National Educational Technology Plan, p. 8, http://
tech.ed.gov/netp/.

Deeper learning means the students’ ability to use higher-order cognitive skills to
construct long-term understanding. It involves the critical analysis of new ideas
linking them to already known concepts and principles so that this understanding
can be used for problem solving in new unfamiliar contexts. (Source: Article
www.julianhermida.com/algoma/law1scotldeeplearning.htm.

Digital citizenship refers to norms of appropriate and responsible behavior
with regard to technology use. The Digital Citizenship Curriculum is free
and available to schools from Common Sense Education’s foundation at
https://www.commonsense.org/education/digital-citizenship and https://www.
commonsense.org/education/scope-and-sequence.

Digital learning environment is a place of learning that uses technology to expand
the classroom into the local or global community. Students have the opportunity
to develop both academic skills, and twenty-first-century skills are engaged in
authentic tasks that have a connection to the real world.

http://edglossary.org/21st-century-skills/
https://thejournal.com/articles/2014/05/14/adaptive-learning-are-we-there-yet.aspx
http://tech.ed.gov/netp/
http://www.julianhermida.com/algoma/law1scotldeeplearning.htm
https://www.commonsense.org/education/digital-citizenship
https://www.commonsense.org/education/scope-and-sequence
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Digital learning means any instructional practice that effectively uses technology
to strengthen a student’s learning experience and encompasses a wide spectrum
of tools and practices,

Digital literacy refers to the ability to use digital technology, communication tools
or networks to locate, evaluate, use and create information; to understand and
use information in multiple formats from a wide range of sources; to perform
tasks effectively in a digital environment. Literacy includes the ability to read
and interpret media, to reproduce data and images through digital manipula-
tion and to evaluate and apply new knowledge gained from digital environ-
ments. (Source: University Library, University of Illinois, www.library.illinois.
edu/diglit/definition.html.

Educational technology encompasses the practice of using technology in instruc-
tional settings in support of teaching learning and academic achievement.

Game-based learning (GBL) Students learn through playing games. (Source:
Teach thought, www.teachthought.com/technology/difference-gamification-
game-based-learning/).

MOOCs are massive open online courses with open access and interactive partic-
ipation by means of the Web designed for the participation of large numbers
of geographically dispersed students. MOOCs provide participants with course
materials that are normally used in a conventional education setting, e.g., exam-
ples, lectures, videos, studymaterials and problem sets.MOOCs offer interactive
user forums,which are extremely useful in building a community for students and
professors. Generally, MOOCs do not charge tuition fees or provide academic
credit

Open Educational Resources (OER) are teaching: learning and researchmaterials
in any medium (digital or otherwise) that reside in the public domain or have
been released under an open license that permits no-cost access, use, adaptation
and redistribution by others with no or limited restrictions. https://en.unesco.org/
themes/building-knowledge-societies/oer.

Personalization or personalized learning refers to an instruction inwhich the pace
of learning and the instructional approach are optimized for the needs of each
learner. It includes learning objectives instructional approaches and instructional
content, and it very based on learner needs, learning activities and aremeaningful
and relevant to learners, driven by their interests and often self-initiated.

Problem-based learning is a student-centered pedagogy in which students learn
about a subject through the experience of solving an open-ended problem.
(Source: www.Wikipedia.com).

Student-centered learning refers to a wide variety of educational programs learn-
ing, instructional approaches and academic-support strategies that are intended
to address the distinct learning needs, interests, aspirations, or cultural back-
grounds of individual students and groups of students. (Source: The Glossary of
Education Reform, http://edglossary.org/student-centered-learning/).

IBE International Bureau of Education Blog.
ICT information communication technology.
IFLA International Federation of Library Associations and Institutions.

http://www.library.illinois.edu/diglit/definition.html
http://www.teachthought.com/technology/difference-gamification-game-based-learning/
https://en.unesco.org/themes/building-knowledge-societies/oer
http://www.Wikipedia.com
http://edglossary.org/student-centered-learning/
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OECD Organization for Economic Cooperation and Development.
OPAL Open Education Quality Initiative.
SQD Synthesis of Qualitative Evidence model.
STEM is a curriculum based on the idea of educating students in four specific

disciplines: Science, Technology, Engineering and Mathematics.
Items derived from https://www.nj.gov/education/techno/glossary/ and adapted.
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Chapter 9
Considering Learning Styles When
Designing for Emerging Learning
Technologies

Lisa Poirier and Mohamed Ally

Abstract An examination of what learning styles really mean, where they came
from, how they are used and their impact on the design and delivery of education is
the focus of this chapter. Learning style theories have had a long history in the West
and were born from a plethora of learning theories developed mostly in the early
twentieth century. The definitions of learning styles have evolved since its inception
in the late 1800 s with many opinions defining and redefining them. Criticism about
the truthfulness and usefulness of learning styles for both pedagogical and learning
practices has been and continues to be part of decades-long debates and discussions.
How learning styles are identified, assigned and the subsequent meanings attached
to them have historically guided research and educational practices, many say in the
wrong direction. There is much literature that clearly negates the claims of one main
learning style used for learning in all contexts, with evidence showing that several
modalities work best for higher-level learning. Yet, even with such hard and clear
evidence against the way learning styles theory is often interpreted and used, it has,
and continues to have, great influence in both research and educational practices, why
is this? Cultural implications around learning styles naturally need to be examined
especially within this broad, digital world. As online and e-learning continue to take
hold in the global classroom, it makes sense to examine what learning styles theory
means for online learning for both teachers and students.

Keywords Emerging technologies · Learning styles · Learning preferences ·
Learning inventories ·Multiple intelligence · Learning styles theory

9.1 Introduction

The theory of learning styles has been discussed and re-examined for decades with
much of this research done in the classroom setting. This has generated much debate
as to the pedagogical usefulness of learning styles as a productive method of teaching
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and learning. Ample literature has discredited the early claims of learning styles
theory, showing that no scientific evidence supports the claims (Lethaby and Harries
2016; Martin 2010). Although seemingly unfounded, learning style theories still
guide much educational research and practice, and even though largely discredited,
learning style theories are still a part of teacher education training programs as well,
thus remaining very influential (Lethaby and Harries 2016; Martin 2010). Howard-
Jones (2014), showed that within five countries (UK, Netherlands, Turkey, Greece
and China), teachers agreed that students learn better when they receive information
tailored to their preferred learning style.

With online learning in higher education becoming a global phenomenon, consid-
ering learning styles in this new context of globalization with emerging technologies
is important as well. Emerging technologies common in distance education today
include massive open online courses (MOOCs), mobile and ubiquitous learning and
virtual reality (VR).MOOCs can indeed bemassive with its digital classroom’s walls
bulging to capacity from several hundred to several thousand students (Atiaja and
Guerrero 2016). Although emerging technologies are found in almost every field
imaginable, they are considered optional and not yet a requirement for learning;
many have a futuristic feel that has not truly taken hold or is really still in its infancy
(Emerging technologies in education n/d; Miller et al. 2005; Atiaja and Guerrero
2016). Miller et al. (2005) offer a clear explanation of emerging technology:

A technology is still emerging if it is not yet a “must-have.” For example, a few years ago
email was an optional technology. In fact, it was limited in its effectiveness as a commu-
nication tool when only some people in an organization had regular access to it. Today, it
is a must-have, must-use technology for most people in most organizations. In this sense a
technology can be a standard expectation in the commercial or business world, while still
being considered as “emerging” in the education sector. (p. 6)

Do learning styles therefore have a place in this new world of education? This
chapter will examine the definition of learning styles, what they mean, where they
came from, how they are used and their impact on education. Cultural implications
will also be examined along with the biases ofWestern developed learning style tools
and, most importantly, learning styles in the realm of online education or e-learning.

9.2 Description

9.2.1 What Are Learning Styles?

A learning style was initially described as a student’s consistent way of respond-
ing to and using stimuli in the context of learning (Keefe 1979). Willingham et al.
(2015) explain that although many learning style theories are varied, each holds that
individuals learn in different ways (learning styles) and that learning is optimized if
the instruction is tailored to an identified learning style. The definition has evolved
through the years with later definitions offering a broader explanation. Keefe (1979)
defines learning styles as the “composite of characteristic cognitive, affective, and
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physiological factors that serve as relatively stable indicators of how a learner per-
ceives, interacts with, and responds to the learning environment” (p. 4). Stewart and
Felicetti (1992) define learning styles as those “educational conditions under which
a student is most likely to learn” (p. 15). Learning styles are therefore not concerned
with what learners learn, but rather how they prefer to learn.

Learning styles can therefore be better described as learning preferences, describ-
ing how students prefer to learn, not necessarily that they learnmore or better through
any such self-identified style. This more apt descriptor is still not quite how teach-
ers tend to view learning styles. Many educators still think of learning styles as
students learning better through their self-identified style. Topical literature shows
us that learning preferences, combined with other methods, are the most optimal
approach for higher-level learning (learning styles as a myth n/d). One alternative to
understanding how students learn, although often confused as the same as learning
styles, is multiple intelligence theory which focuses more on how students prefer to
process information. Gardner (2017) describes the purpose of multiple intelligence
theory (MI) that it “seeks to describe and encompass the range of human cognitive
capacities. In challenging the concept of general intelligence, we can apply an MI
perspective that may provide a more useful approach to cognitive differences within
and across species” (p. 1).

9.2.2 History of Learning Styles

How people learn has been a subject of speculation and study since at least the 1800s.
At that time, teachers began to look beyond just their role in teaching and look at
the experiences of the children in the classroom, recognizing their individuality and
interest in learning and this in turn began to influence teachers’ pedagogical training
and practices (Boone 1894). The term “learning style” has been with us a long time
and first appeared in 1892; in 1954, it was applied in a study by Thelen to groups
at work (Honey and Mumford in Fatt 2000). Jung developed a theory of personality
types in the 1930s, and several theories from other theorists have been presented
since. Learning style inventories come directly from these personality theories. One
of the first learning style inventories offered in theWest is by Betts and was published
in 1909; over 70 instruments have been developed in the following years. There has
been an abundance of learning styles described through the decades and are labelled
by self-identifying instruments. The purpose of self-identification is best described
by Kolb (2014) and is twofold: firstly, an understanding of the different ways in
which students learn can enhance their own learning; secondly, teachers would have
valuable information that would assist in the teaching and planning process resulting
in enhanced educational performance.

Some of the most popular learning styles describe learning as happening through
the senses: visual, auditory, read/write, kinetic, verbal, social, logical, emotional,
field dependant, field independent, to name but a few. Each offers a preference for
learning or places the individual on a continuum between two identifiers. Truong
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(2016) discusses some of the most notable for the e-learning environment, beginning
with Felder-Silverman’s learning style theory. This theory divides learners based
on their information input, information process, perception and understanding. The
author also identifies Kolb’s learning style inventory and Honey and Mumford’s
learning styles; both these styles describe the learning style based on the student’s
proposed learning cycle (concrete experience, reflective observation, abstract con-
ceptualization and active experimentation). Even though learning style theories and
inventories have enjoyed much popularity, there has been a considerable concern
from the many nay-sayers.

Throughout much of the twentieth century, learning styles have been critiqued
as having no scientific evidence to support its claims, and although this is the case,
they continue to be a part of popular culture and in the educational setting. The
implications of accepting the theory of learning styles are its entirety that if, for
example, a “visual learning style” is reported, then all learning should take placemore
efficiently through this modality, yet evidence shows that this is not so. Learners can
identify subjective or self-identified preferences for learning but this does not mean
that deeper or more efficient learning is taking place when using this preference.
While learning style still drives education research and pedagogy, it has been viewed
as somewhat of a pseudoscience that continues to influence education (Goodwin and
Hein 2017). Nonetheless, even with much doubt and lack of clear evidence, learning
style theories have been driving educational research, practice and programming for
decades (Parslow 2012).

9.2.3 Evolution of Learning Styles

Learning theory began early in the twentieth century with the mid-twentieth century
seeing an increase in many learning theories. Learning theories produce ideas and
with those ideas come instruments that permit some modification for application.
The pedagogical piece accompanies these instruments, influencing how teachers
view learners and how they organize, create and implement their learning materials.
Each instrument created for each theory is, in essence, a “theory-in-action”measuring
tool. The purpose of each tool is to help understand where on a continuum or which
end of the binary an individual lies. Learning styles work to inform both the student
and the instructor. Once the description of how a learner learns best is established,
the reaction to this claim in the world of education is to tailor teaching to match the
learning style of a student, and in this way, a student’s learning is optimal. A plethora
of learning styles have grown through the decades with each attempting to answer the
question of “what is learning style”? With each identification follows a descriptor of
how one learns and subsequent advice about how to create learning materials around
the identified style.

Management organizations and education were and are great supporters of all
things learning styles. Many teacher training programs explore learning theories and
educational institutions have adopted particular learning style theories that seem to fit
well into pedagogy or, seem to enlighten the learning process to ensure that students
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learning experiences are complete (Martin 2010). Martin (2010) goes on to say that
“The use of instruments reporting individual learning or cognitive style is attractive
for educators, especially within high-pressures to reach or improve upon high levels
of student performance in public examinations and to promote individualized learn-
ing” (p. 1583). It is therefore understandable that learning styles remain a part of
education with the heavy support they receive from educational institutions.

Concurrently, a vast number of researchers from varying disciplines, each focused
within their research, can muddy the waters as each interprets evidence and theories
aimed at and focused in their own fields. The commercial production and distribution
of all these various instruments has a tremendous impact on education. The selling
of instruments and sometimes training to interpret these instruments, along with
books and other supporting information, can be quite financially lucrative. These
instruments are developed accepting the assumptions, analyses and goals of the
theorists, which are often as commercial as they are research orientated (Coffield
et al. 2004).

9.2.4 Assignment of Learning Styles

Throughoutmost of the twentieth century, learning styleswere assigned through self-
identification inventories but technology can also assign learning styles. Learning
style inventories have always been a popular activity and rely on students answering
questionnaires; the choices then determine the most accurate and appropriate learn-
ing style for that individual. Li and Abdul Rahman (2018) explain these detections
of learning styles in two distinct ways: (1) static detection, based on learning style
inventories and (2) dynamic detection through the learning behaviour. Although self-
identification is a common way to identify learning styles, in recent years, the appli-
cation of machine learning and the accompanying computerized algorithm analyse
online behaviours, creating a huge database of online learning preferences. McLean
(2018) describes machine learning (ML) as “a discipline within artificial intelligence
(AI), and is the science of getting computers to do something, without explicit pro-
gramming” (p. 1). The use of technology to assign learning styles through learning
behaviour is an interesting concept. The emerging technologies of today, such as
MOOCs and VR, are becoming more and more familiar to students so technology-
based instruments to measure or identify learning styles would seem relevant and in
line with the technological experience.

Online behaviours include: participation in forums, chat boxes, emailing, access-
ing online journals, blogs and other articles, movement within a platform, amount
of time spent in a platform, accessing links within a platform. Machine labelling has
offered interesting results; the software examines online learning activities of stu-
dents and then assigns learning styles/preferences based on said activities. This is an
interesting way to examine learning preferences in the online learning environment.
It takes the subjective perspective of student self-identifying away, focusing solely
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upon actions of students. As students become more engaged in emerging technolo-
gies, an understanding of learning preferences in these contexts can be proactive as
it can guide pedagogical approaches.

9.2.5 Pros and Cons of Assigning Learning Styles

Knowing about individual learning preferences hasmany benefits for both the student
and for the teacher. Knowledge about a student’s own learning can offer a sense of
confidence in learning which can be extremely motivating (Coffield et al. 2004;
Truong 2016). Labelling a preference for learning can offer a place to begin new
tasks. This knowing is often shared with teachers, or even implemented by teachers,
and the discovery of learning styles can also help a teacher become more mindful
of pedagogical practices and ensure that a variety of approaches will be explored
when planning and subsequently implementing programming. Coffield et al. (2004)
state that “A knowledge of learning styles can be used to increase the self-awareness
of students and tutors about their strengths and weaknesses as learners. In other
words, all the advantages claimed for metacognition (being aware of one’s own
thought and learning processes) can be gained by encouraging all learners to become
knowledgeable about their own learning and that of others” (p. 43). This knowing
can also offer disadvantages in the learning environment for both student and teacher
as well.

A label can pigeonhole a learner which can have several drawbacks. A student’s
expectation about learning can limit not only the student’s approach to learning but
also the expectation of learning; a student may not attempt anything beyond the
realm of what they believe is attainable through the preferred learning style only.
Not only can a student be limited by a “one-size fits all” perspective with regard to
approaching learning, a teacher’s attitude can be impacted as well (Martin 2010).

A teacher with a limited view of how an individual can learn can narrow the
pedagogical approach and expectations towards a student. Much of the literature
concludes that approaching learning in just one way can inhibit “deep learning”.
One more negative about this way of thinking is that the onus for learning is shifted
from the student and towards the teacher. Should the student fail to progress, it is then
the teacher’s fault for not directing teaching exactly towards a student’s identified
learning style. This may have particularly ominous consequences in jurisdictions that
adjudicate teachers by their classroom scores on universal tests.
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9.3 Literature Review

9.3.1 Critiques

Learning styles have had a volatile history during the last 100 years and has had, and
continues to have, an impact on educational research and classroom pedagogy. As
the brick and mortar institutions of learning give way or at least share the face-to-
face classroom with the digital online classroom world, an exploration of learning
styles in general, how they have developed and the impact of them in the realm
of online learning and emerging technologies, is worth examining. Allport (1937)
describes an individual’s cognitive style as the typical and habitual mode of problem-
solving, thinking, perceiving and remembering. Learning styles can be described as
the applicationof this cognitive style in the learning environment (Riding andCheema
1991).Many researchers conclude that the research around learning styles, what they
mean and how they are used, has been somewhat misinterpreted.

The terms, learning styles and multiple intelligence, have been used interchange-
ably for decades. Both seem similar but are quite different. Gardner (2013) clarifies
this confusion by explaining that learning styles are simply a hypothesis about how an
individual will approach a range of materials, whereas multiple intelligence is about
how the brain uses, stores and interprets this information. Gardner has identified
nine multiple intelligences and everyone uses them all, some to differing degrees.
Multiple intelligences represent different intellectual abilities and include: natural-
ist (nature smart), musical (sound smart), logical–mathematical (number/reasoning
smart), existential (life smart), interpersonal (people smart), bodily–kinesthetic (body
smart), linguistic (word smart), intra-personal (self-smart) and spatial (picture smart).
Cherry (n.d.) claims that Gardner’s theory is not without criticism either and has
come under fire from both psychologists and educators. These critics reason that
Gardner’s definition of intelligence is too broad and that his nine different “intelli-
gences” simply represent talents, personality traits, and abilities, not intelligence. It
is also maintained by the Cherry (n.d.) that Gardner’s theory also suffers from a lack
of supporting empirical research; despite this, the theory of multiple intelligences
still enjoys considerable popularity with educators.

Within education, there are many problems associated with the identification
and subsequent pedagogical direction based on the results of any learning style
instrument. Pashler et al. (2008) conclude that students do not necessarily learn better
when using their preferred learning style but learn equally well using a variety of
styles. Curry (1991) determines that identifying learning styles and the characteristics
most relevant to learners in an educational environment is problematic. Confusion
around terminology and definitions, along with issues in validity and reliability, adds
to the problems of learning styles in education. Coffield et al. (2004) go on to say
that “Yet beneath the apparently unproblematic appeal of learning styles lies a host
of conceptual and empirical problems. To begin with, the learning styles field is
not unified, but instead is divided into three linked areas of activity: theoretical,
pedagogical and commercial” (p. 2).
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Learning styles are born from the models forged under the psychology disci-
pline yet are implemented and practised strongly in other disciplines. Much of the
researches around learning styles have taken place in other domains, such as man-
agement, vocational training and education, to name just a few. Cassidy (2004)
postulates that the reason that the topic has become so fragments and disputed is a
direct result of each domain having its own research focus. Coffield et al. (2004) state
that “Mainstream use has too often become separated from the research field. More
problematically, it has also become isolated from deeper questions as to whether a
particular inventory has a sufficient theoretical basis to warrant either the research
industry which has grown around it, or the pedagogical uses to which it is currently
put” (p. 2).

Supporters of learning style theory postulate that tailoring instruction around iden-
tified learning styles optimizes both instructor and subsequent learning for students
(Parslow 2011). There have been many identifying instruments developed from the
theories and the results offer useful information for placing or sorting individuals on
a continuum, based on self-identified answers on the created instruments. The popu-
larity of learning styles in popular culture and within education seems to not take the
conclusions of the critics seriously. If learning styles are here to stay, then perhaps
ensuring that students become aware of their “preferences” rather than focusing on
one style and if teachers begin thinking this way as well, then perhaps we can lessen
the negativity of this phenomena.

As previously discussed, the impact of learning styles on online learning for both
students and teachers can be both positive and negative. Learning style theory is
embedded in much teacher training (Lethaby and Harries 2016). Learning styles
seem intuitive and commonsensical. There is much social influence in this area;
there is a plethora of books, websites, experts and articles dedicated to uncovering
learning styles which subsequently increases teacher efficiency (Willingham et al.
2015; Pashler et al. 2008). The claims seem reliable, we may, for example, not
understand the science claims behind gravity but still accept it (Goodwin and Hein
2017).Widespread belief is the confusion between ability (which ismultifaceted) and
style or preference for learning, which hinges on one modality.

9.3.2 Emerging Technologies

Emerging technologies have essentially brought the world together through the dig-
ital classroom. This phenomenon has forced us to look at changes in pedagogy.
Employing emerging technologies in distance education is described by Veletsianos
(2010)who says that “to further educational goalsmaynecessitate the development of
different theories, pedagogies, and approaches to teaching, learning, assessment, and
organization” (p. 18). The text goes on to say that although not likely well researched,
as emerging technologies are relatively new, a true understanding of the relationships
between pedagogies and technologies warrant analysis. Learning styles fall under
this examination as well. Massive online learning classrooms (MOOCs) can have
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thousands of students from a barrage of different cultures and socio-economic back-
grounds. It is the contentious view of this author that we, as educators, simply cannot
continue to approach teaching as if all students are a homogenous group in a brick
and mortar institution; this simply will not work. Cultural expectations are bound
to influence how we present, monitor and facilitate the online learning classroom
experience. A broader look at learning styles within this context is worth explor-
ing. Emerging technologies are influencing the evolution of the digital classroom.
Within this evolution, we must ensure that we respond with an aligned pedagogy.
This examination will not only influence pedagogical practices but also enhance our
understanding of the impact of emerging technologies on the design of the digital
classroom and will also offer an innate understanding of its participants in this digital
world as well.

9.3.3 Cross-Cultural Implications for Learning Styles

Cultural differences and preferences for learning can be quite different from the
Western view of learning styles and preferences. Different cultures look differently
upon learning and thinking. Gu et al. (2017) discuss the research in cultural psychol-
ogy that has emerged identifying individual learning differences which have arisen
from cultural factors. These individual differences are described in terms of moti-
vation and processing, thinking styles and learning styles. Students from different
cultures need to be considered in the online learning world as well. In the global
digital world, these students’ differences warrant a close and considered examina-
tion. Thus, online learning has meant a re-examination of learning styles and their
potential contribution.

The growth and expanse of the global digital communitymeans that students from
all over the world have access to online learning from all over the world. Different
cultures have different expectations about the roles of learner and student. In some
cultures, it is disrespectful to ask the teacher any questions and it is frowned upon if
females ask any questions. Other cultures dedicate weekends to family and prayer so
teachers need to be cognizant of what expectations they have for assignments over
weekends (Kumar and Bhattacharya 2007).

An awareness of culturally inclusive practices by the instructor may ensure that
extra encouragement, modelling, consideration and clear directives are given to some
students. Popov et al. (2013) noted that collaboration in culturally mixed groups
is often challenging and may require extra facilitation. LaFever (2010) states that
“The critical examination of standard teaching practices in North American schools
were catalysed by the civil rights movement and the recognition that educational
institutions were not serving society as a whole” (p. 1). Tran (2012) concludes that
“students from CHC (Confucian -heritage-culture) may hold a different perspective
on the appropriateness of behaviours and reactions in the classroom environment”
(p. 64). The author goes on to say that for students to move to a more active learning
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environment, it takes time and that they will need help and guidance from instructors
to recognize and handle the differences and adapt.

Understanding that we need to be aware ofWestern bias and embrace cultural dif-
ferences when managing, creating and delivering content for online classes cannot
be ignored. Instructors need to strive towards inclusiveness with these new global
electronic classrooms.Alalshaikh (2015) reinforces the role that teachers and instruc-
tional designers need to takewith culturally different students. “Teachers and instruc-
tional designers need to develop online course content this is culturally appropriate
and culturally sensitive” (p. 74). The author goes on to say that this need to be cultur-
ally sensitive and to take this information into consideration when designing courses
and programs, ensures inclusivity for different cultural groups. The goal always being
that learning is enhanced.

Online learning can be different from the face-to-face classroom; considering
those from different cultures and their differences in the online classroom is an
important piece of culturally sensitive pedagogy. Alalshaikh (2015) identifies four
categories in the online learning environment: perceptual learning styles; cognitive
processing learning styles; social learning styles and problem-based learning styles.
Each style is broad and encompasses awide group of preferences. Perceptual learning
styles describe learners who prefer textual information and may have strong audi-
tory component to learning (reading and listening with their mind’s ear). Cognitive
processing learning styles discuss learners who prefer abstract concepts, learning
through concrete examples. Also included in cognitive processing learning is the
holistic or global style. Social learning styles are about social engagement. Students
may want to study alone or with peers; they may also need guided learning. Finally,
problem-based learning styles seem to combine the previous styles. Wheeler et al.
(2005) say that problem-based learning promotes skills through “complex, real-life
problems and motivates student to adopt deeper approaches to study” (p. 126).

Students from differing cultures have some culturally specific behaviours when
participating in the online learning environment. Yu-Chih et al. (2013) reported on a
study aboutmany different cultural groups, and several interesting resultswere noted.
Several ethnic groups in the study preferred learning that is kinesthetic, auditory and
tactile except for Anglo students who preferred visual learning styles and did not
like cooperative learning. It was noted too that Asian students are more visual than
verbal learners. These are, of course, generalizations but some commonality should
alert the instructor to take this information into consideration when planning and
teaching (Alalshaikh 2015).

Popov et al. (2013) report that “collaboration in culturally mixed groups is less
than optimal and may require extra facilitation” (p. 36). This implies that teachers
need to ensure their course planning matches the cultural needs and differences of
their students. Popev et al. (2013) go on to discuss that the “results reveal that cultural
differences could be understood in terms of differences in thinking styles, and that
these differences could affect the collaborative process” (p. 22). Cultural differences
in the global world of online learningmust be considered when planning. Popev et al.
(2013) found that teachers assigning scripted roles according to cultural backgrounds
may have value in assisting students who collaborate with others. Teachers who are
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considerate of their culturally different student population by planning activities and
assignments accordingly can only help but enhance these learners. Thinking of learn-
ing preferences with different cultural populations within emerging technologies is
an important consideration in terms of adjusting pedagogical practices as well.

9.4 Assessment

9.4.1 Informing Practice

The applicability and usefulness of the various theories and research clearly inform
distance educational practices and has many practical applications for educators.
Students benefit from different kinds of instruction because, (“Learning styles and
myths” n.d.)

learning requires complex, often uneven developmental steps like building on prior knowl-
edge, forming conceptual structures slowly, and varieties of repetition, students benefit when
instruction provides variousways to enter into learning.Alternatingmodes can serve different
students’ aptitude, level of self-awareness as a learner, and cultural background. (p. 4)

Cassidy (2004) laments that although research into learning styles has no real
scientific evidence to back its claims, knowing about differing learning styles within
individuals and within oneself can promote valuable insight into both learning and
teaching in the educational setting. Teachers offer varied presentationswhen planning
is best for students as they learn in a variety of ways.

9.4.2 Practical Application for Online Learning

There is an expectation for students in the online learning environment to manage
their own learning (Alalshaikh 2015). We are well beyond distance learning of yes-
terday with packages arriving in the mail and learning taking place in isolation.
Today, the online learning environment offers both real-time synchronous experi-
ence as well as asynchronous experience. Students do have a preferred way to learn,
and some of these preferences have cultural influences; both need to be considered
when planning and implementing programming. Important too, is the consideration
of the specific and likely different needs of students when participating in and using
emerging technologies, such as MOOCs and VR. It should also be noted that the
learning preferences that students have identified or are aware of for face–to-face
learning may be different during their online learning experience.

Within both synchronous and asynchronous learning, there are many practical
applications one can implement that have been influenced by learning style theo-
ries meant to enhance learners’ experiences. An understanding that students prefer
to learn in a particular way, but they actually use many modalities for deep learn-
ing, encourages teachers to ensure that they are offering content in many ways.
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Learners, in turn, experience content and participate in varying ways on the learning
platform. Within synchronous environment, there are several suggestions to ensure
that students remain engaged. All these suggestions can appeal to several learning
preferences. Group discussions during class-time, with very clear directions, text
with visuals with any supporting materials will appeal to those who prefer material
presented visually. Synchronous group discussions can be challenging in the online
classroom. Using clear, concrete language is important for individuals who need pre-
cise direction, often a need with some culturally diverse groups. Videos are useful
for keeping students engaged. Articles to read during class can offer active engage-
ment for students. Small group discussions are valuable as well, students remain
engaged and can come back to the group with feedback; assigning roles is important
as some students need this directive. Small group discussions also give the students a
sense of belonging and participation. Giving time for forum discussions during class
time helps keep students, who prefer this mode of participation, engaged. Online
presentations also work well within a synchronous environment. It allows for active
engagement and time for a thoughtful response. Removal of time constraints for
students who experience test anxiety, etc.…is valuable as well (Oh and Lim 2005;
El-Bishouty et al. 2014).

Asynchronous learning, although similar to synchronous learning with regard to
types of activities, is different because there is no real-time interaction. It is important
for the instructor to provide guidance and structure for forum discussions. Teacher
moderation is important, especially for culturally different students who have an
expectation about the roles of teacher and student. Emailing feature is also a great
communication tool for both students and teachers in an asynchronous environment.
Closed, small group forums allow students to discuss assigned (or unassigned) topics
with small groups. This allows studentswhowould not normally participate in a larger
discussion group to participate. Responding to posted assignments and offering time
to reflect on those assignments is useful too as well (El-Bishouty et al. 2014).

Suggestions about how learning styles can assist online learning are relevant and
useful. Both asynchronous and synchronous learning can be improved upon by ensur-
ing that student learning preferences are considered. As the machine-based identifier
of learning preferences noted, students do have preference for how they participate
in the online learning environment so ensuring that the activities, assignments and
tools are made available to them is important for students continued participation
and maximum learning.

9.5 Conclusion

Learning style theory has been with us for a very long time. It grew from learning
theories, and although it has been criticized for several decades, it is still extremely
influential in both research and education. The overall belief is that we learn a partic-
ular way, and this has been proven to be untrue. The literature shows that we all have
learning preferences but we use several ways to learn information with parts of our
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brains working together, rather than in isolation and depending on the context, we
learn differently. Inviting students to reflect on their learning (metacognition), rather
than focus on “a” learning style, has shown to improve learning outcomes (Ambrose
et al. 2010).

Instructional methods can vary across disciplines and course content. Cultural
influences have an impact on learner preferences and need to be considered when
planning and implementing programming. For optimum educational performance
for both teacher and student, we need to understand and even embrace the ideas
of learning preferences, multiple intelligences and cultural differences. All must be
acknowledged and taken into consideration, in both the brick and mortar institu-
tions and within the online environment. The shift towards emerging technologies
and learning styles/preferences within these environments is an important part of
the evolution of education. Most learning style research and instruments were devel-
oped before emerging technologies were introduced in education. Further research
is required to determine learner preference when using emerging technologies. In
addition, it may be advantageous for the learner to function in all of the dimensions of
learning style so that they can maximize their learning. The challenge for education
is how to develop the “whole person” with many learning preferences so that they
can learn using any technology and delivery method.

Glossary of Terms

Asynchronous learning Delayed interaction with teachers and other students
during the learning process.

Learning style An individual preference during the learning process and interacting
with others.

Synchronous learning Simultaneous interaction with teachers and other students
during the learning process.
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Chapter 10
3D Virtual Reality in K-12 Education:
A Thematic Systematic Review

Rebecca Tilhou, Valerie Taylor and Helen Crompton

Abstract With progressive twenty-first-century 3D virtual technologies, the ability
to blur the lines between material reality and digital worlds is proliferating in K-12
classrooms across the globe.A thematic systematic reviewwasused to examine three-
dimensional (3D) virtual reality (VR) in K-12 education from 2010 to 2019. Findings
revealed specific features and capabilities of contemporary 3DVR technologies, how
3D VR technologies are being used in K-12 education, and how 3D VR supports
learning experiences. In 3D virtual worlds, students are able to view peripherally
through a virtual presence, experience weather, time, and different environments,
and virtually touch and examine objects. The current research showed that 3D VR is
commonly applied in middle and high school science classrooms and facilitates the
pedagogic approach of inquiry-based learning (IBL), a branch of constructivism. The
reviewed studies indicated that integrating 3D VR technologies leads to enhanced
learning experiences, leading to increased achievement and motivation.

Keywords 3D virtual reality · Immersive environment · Inquiry-based learning ·
Virtual environment for learning · Virtual field trip

10.1 Introduction

Rapid advancements in technology are challenging humans to reconsider basic cat-
egories that make up reality (Brown and Green 2016; Choat 2018). The boundaries
between the natural and the technological, human and non-human, and how life is
defined are changing in response to human innovation (Choat 2018). A digital model
of the material world allows for a reconceptualization of matter, agency (Choat
2018), and how students can learn by experiencing a real versus virtual material
world. Children naturally engage in autotelic practices to learn about the world and
nature around them (Rautio 2013). For example, the act of picking up and holding
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a stone, feeling its texture, temperature, and shape is both the activity and reward in
itself. The learning about nature andmatter is intrinsicallymotivated. Yet, what if this
tangible “vibrancy of matter” (Bennett 2010; Tesar and Arndt 2016) could transcend
how matter is defined, allowing children to virtually experience and touch stones
miles away from where they sit within the walls of a classroom? With progressive
twenty-first-century 3D virtual technologies, the ability to blur the lines between
material reality and digital worlds is proliferating in K-12 classrooms across the
globe (Brown and Green 2016).

Three-dimensional virtual reality (3D VR) is a digital representation of an envi-
ronment where users can become fully immersed within it (Dalgarno and Lee 2010).
In 3DVR environments, humans can create their own presence, move around and see
in all directions, and interact with objects, giving students a strong sense of being in
the simulated space (Mikropoulos and Natsis 2011; Pederson and Irby 2014). Edu-
cators are increasingly interested in incorporating 3D VR into pedagogical practices
because of the learning benefits it offers students. Experiential learning opportunities
that students may otherwise not be able to access, contextualized and exploratory
learning, and increased motivation and engagement are all affordances granted by
the use of 3D VR environments (Dalgarno and Lee 2010; Pederson and Irby 2014).

While a growing body of current empirical research reveals the positive impacts
that 3D VR applications have on learning in K-12 classrooms (Grotzer et al. 2015;
Pederson and Irby 2014; Sun et al. 2010; Tarng et al. 2012), scholars and educators
need a more current, holistic understanding of contemporary 3D VR technologies
due to its expeditious developments and educational affordances (Brown and Green
2016; Kavanaugh et al. 2017; Minocha et al. 2017).

The purpose of this thematic systematic review is to examine 3DVR technologies
being used in K-12 education and how 3D VR supports students’ learning experi-
ences. This chapter begins with a brief overview of 3D VR and a synthesis of extant
systematic reviews related to 3D VR’s use in education. Following, a review of
empirical studies illustrates current uses of 3D VR specific to K-12 education. This
section will give special attention to types and features of 3D VR systems, learning
contexts, participants, and outcomes of 3D VR integration. Next, descriptions of the
most contemporary 3D VR technologies gained from reports, reviews, and teacher–
practitioner articles are offered. Lastly, a conclusion will provide a summary of the
findings and provide implications for future research.

10.2 Literature Review

10.2.1 Virtual Reality

Three-dimensional immersive technologies have become a basic component of mod-
ern computer games (Dalgarno and Lee 2010), such as withWorld ofWarcraft, Active
Worlds, and Second Life (Dalgarno and Lee 2010; Han 2011). Second Life, founded
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by the Linden Lab in 1999, became one of the most popular computer games in the
first decade of the twenty-first century due to the use of 3D technology. In 2010, a
reported 1,381,635 users signed into Second Life in just one month (Han 2011).

As 3D immersive technologies have gained momentum, so has their potential for
uses in K-12 teaching and learning. Richer, more experiential engagement that was
never before possible is now viable with the ability to virtually explore places and
interact with objects and structures in those environments (Dalgarno and Lee 2010).
Thus, with these advancements of 3DVR systems and their unionwith education, 3D
VR has come to assume many sub-categories such as (a) 3D virtual field trip (VFT)
(Argles et al. 2015; Tutwiler et al. 2012), (b) 3D virtual worlds (Hew and Cheung
2010), (c) 3D virtual learning environment (3DVLE) (Dalgarno and Lee 2010), (d)
3D virtual environment for learning (VEL) (Pederson and Irby 2014), and (e) 4D
VR (Moorefield-Lang 2015). These 3D VR sub-categories include systems whose
features range from life-like graphics on a screen without the use of a headset to the
use of lightweight headsets that allow users to view 3D VR applications peripherally
in more realistic ways. The growth of 3D VR in education is undeniable; however,
VR technologies have yet to gain widespread inclusion into educational curricula
(Kavanaugh et al. 2017) in the same way gaming 3D VR has infiltrated homes and
children’s leisure activities.

10.2.2 Extant Systematic Reviews

To date, few systematic reviews of 3D VR in education have been conducted. Hew
and Cheung (2010) explored how 3D virtual worlds were being used in education
and what research methods and topics were utilized. Mikropoulos and Natsis (2011)
examined research with educational virtual environments (EVEs). Following these,
Kavanaugh and colleagues (2017) examined 3D VR research in education. These
reviews provide scholars with an examination across of empirical work across nearly
two decades.

Hew and Cheung’s (2010) systematic examination of 3D VRs in education cov-
ered research up to 2008. The authors found that 3D virtual worlds were used as
communication spaces, simulations of a space, and experiential spaces where users
could act on the environment. The majority of the studies reviewed utilized descrip-
tive or experimental research approaches. Additionally, the majority of the samples
came from polytechnic and university settings (69%), with secondary schools rep-
resenting 19% and primary schools 12%. The disciplines where the research was
carried out were typically in the arts, health, and environment fields and sought to
examine participants’ learning outcomes, affective domain, and social interactions
(Hew and Cheung 2010).

Mikropoulos and Natsis (2011) sought to discover studies’ educational contexts,
characteristics of the 3D VR environments, and learning theories applied to 3D VR
studies conducted. The review conducted by these authors covered research from
1999 to 2009 and found that 40 of the 53 reviewed articles conducted studies in



172 R. Tilhou et al.

the context of math and sciences. No specification of participant age and schooling
level, other than stating that all of the studies ranged from elementary school pupils
to university students and teachers, was provided. Specific characteristics of 3D VR
found during this time period were immersion, multisensory interaction channels,
and intuitive interactivity with visual representation being the predominate feature
(Mikropoulos and Natsis 2011). The authors concluded that the overall features of
3D VR implied the principles of constructivism, which was used as a framework by
the majority of studies reviewed. These features were experiential, contextual and
collaborative learning, spatial representation, and engagement (Mikropoulos and
Natsis 2011).

Kavanaugh and colleagues’ (2017) review of research from 2010 to 2017 focused
on understanding why, despite the decades-long existence of virtual reality, educa-
tion has not integrated 3D VR more consistently. Through this analysis, the authors
also examined the context in which implementation mostly occurs, as well as a few
contemporary 3D VR technologies and systems currently available, such as Oculus
Rift. Findings indicated that researchers typically employ virtual reality with the pur-
pose of increasing learners’ intrinsic motivation, and a framework of constructivist
pedagogy, collaboration, and gamification emerged (Kavanaugh et al. 2017). Differ-
ing slightly from the previous review, this research indicated that 3D VR was used
mainly in health and medicine fields, and 51% of the studies took place in higher
education. Lastly, the authors found 3D VR’s limitations included insufficient real-
ism, cost and overhead, usability, usefulness, lack of engagement, and even motion
sickness. These issues provided insight into why 3D VR has not been more widely
embraced by education communities worldwide.

10.2.3 Purpose

These aforementioned reviews of existing empirical research of 3D VR in education
provide valuable insights into the progress and future needs of this growing technol-
ogy. However, little specific knowledge about K-12 populations is provided. While
these reviews found that studies typically took place in math and the sciences, little
detail was offered about other disciplines where 3D VR was used (Kavanaugh et al.
2017; Mikropoulos and Natsis 2011). Lastly, much is still unknown about the types
of current 3D VR systems employed in education and their specific capabilities for
teaching and learning (Hew and Cheung 2010; Kavanaugh et al. 2017; Mikropoulos
and Natsis 2011).

The purpose of this thematic systematic review is to address these gaps in knowl-
edge about 3D VR’s use in K-12 education through examination of most current
research (2010–2019). There will be a specific focus on: (a) features and capabilities
of current educational 3D VR technologies; (b) disciplines where 3D VR is imple-
mented and how it is applied; and (c) impacts onK-12 students’ learning experiences.
Thus, the research questions guiding this systematic review of extant research were:
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1. What contemporary 3D VR technologies are being utilized in the K-12
educational setting?

2. How is 3D VR currently applied in the K-12 classroom?
3. What are the impacts of 3D VR on learning experiences in the K-12 educational

setting?

10.2.4 Method

A thematic synthesis methodology (Gough et al. 2012) was applied to address the
three research questions and develop a synthesized knowledge base specific to VR in
K-12 education. A thematic synthesis unites findings from different types of research
(Thomas and Harden 2008), as it allows for the analyzation of multidisciplinary
datasets and creates a platform for common understanding across fields (Boyatzis
1998: xiii). A key activity of thematic synthesis is the translation between studies’
results, which allows the researcher to analyze findings from different paradigms
(Gough et al. 2012). Employing this method is essential in the case of this system-
atic review because research covering VR has emerged from a variety of research
approaches and several disciplines such as educational technology, science, andmath-
ematics. Additionally, current VR knowledge can be found from technology reviews,
reports, and teacher–practitioner articles.

Search strategy. The search for literature took place through EBSCOhost Aca-
demic SearchComplete, Education ResearchComplete, andERIC databases. Results
were limited to: (a) peer-reviewed journals and (b) date selection of 2010–2019.
Search keywords were used in several phases. Phase one used the terms virtual real-
ity, education, elementary and secondary. In subsequent phases, additional keywords
were employed such as virtual learning, elementary students, virtual environment,
and affordances. Articles were selected based on the following criteria: (a) studies
involving K-12 students and (b) determination that a 3D VR was actually discussed
and employed. In a final keyword search, specific VR technologies, such as Google
Expeditions and Google Cardboard, discussed in a previously included article were
used and resulted in additional articles providing current information about 3D VR
technologies and their uses.

10.2.5 Findings

These searches yielded seven studies from peer-reviewed publications. Five of the
seven’s populations included middle or high school students and three populations
included upper elementary students. All studies took place in science classrooms.
Table 10.1 indicates some key components of these seven studies.
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Table 10.1 Population, location, and subject area in relevant studies

Study Population Location Subject area

Grotzer et al. (2015) Fifth- and sixth-grade
students

USA Ecosystems
Weather

Lin et al. (2011) Tenth-grade students Taiwan Earth science
Weather systems

Minocha et al. (2017) Fourth–eleventh-grade
students

UK Geography

Pederson and Irby (2014) Seventh-grade students USA Ecological impacts of
natural disasters

Sun et al. (2010) Fourth-grade students Taiwan Space systems

Tarng et al. (2012) Third-grade students Taiwan Agriculture and plants

Tutwiler et al. (2012) Tenth-grade students Taiwan Earth science
Geography

The studies included in Table 10.1 were examined to address this review’s three
research questions. The upcoming sections answer those research questions which
provides insights into contemporary 3DVRsystems being used, disciplines andfields
where 3D VR is commonly applied, and 3D VR’s impact on learning experiences
in K-12 classrooms. Following these sections will be the further description of the
most contemporary 3D VR systems at the time of publication that are emerging in
practitioner literature but have not yet been employed in a study.

10.2.6 Contemporary 3D VR Technologies Utilized
in the K-12 Setting

Lin and colleagues’ (2011) and Tutwiler and colleagues’ (2013) subsequent study
with Taiwanese students used the 3D virtual field trip (VFT) Virtools. Virtools is
a virtual representation of Hsiaoyukeng Walking Area in Taiwan. Most of the 3D
VFT is experienced from a first-person point of view, though there are third-person
perspectives when users interact with computer-controlled people within the world.
Students had the ability to investigatewith classmates rather than in a solitarymanner.
Weather patterns within the virtual world fluctuate to mirror typical weather patterns
of that real-world area. There is a visitor’s center with signs pertaining to rock
specimens that can be found in Hsiaoyukeng Walking Area. When these rocks are
spotted by users, they can be picked up, moved, and viewed from every angle, as
well as enlarged to see minute detail.

Minocha and colleagues (2017) integrated physical, real field experiences with
Google Expeditions (GEs). GEs offer guided field trips on a smartphone using a
viewer called Google Cardboard. Google Cardboard, shown in Fig. 10.1, is a small
box equipped with lenses that fit into a smartphone. The GEs’ application offers
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Fig. 10.1 Google
Cardboard viewer

more than 500 3D VFT expeditions that allow for 360° photospheres of locations all
over the world. Like Virtools in Taiwan, GEs enable students to view places such as
Great Barrier Reef or Tolbachik Volcano, which would be difficult to visit physically.
Additionally, with GEs, students can take biological field trips to see systems such as
the human heart, the process of respiration, or to look microscopically at organelles
in a cell (Craddock 2018). However, in this particular research, GEs were used to
visit a nature preserve.

Through Pederson and Irby’s (2014) 3D virtual environment for learning (VEL),
Hurricane Hal, students were able to traverse a realistic wetland in order to collect
data using instruments available in the virtual world. Learnerswere able to take on the
role of a research assistant namedSamwhovisits four differentwetland environments
impacted by a hurricane. Students were able to navigate the sites with a virtual
airboat and laboratory where they could create and implement investigations. Data
was collectedmost often by sighting and taking counts of animals in the environment.

Grotzer and colleagues’ (2015) EcoMuve has similar properties to Hurricane
Hal. Students could test the water quality and study animals living and dying in the
environment.With an additional mobile 3DVR application employed, EcoMOBILE,
students also visited a physical site with their mobile devices and viewed the site
using the application, Virtual Binoculars, which offered an augmented reality where
students could see the physical place along with water monitoring stations distally
to gain information about water quality (Grotzer et al. 2015, p. 47).

Sun et al. (2010) utilized a 3D VR model Sun and Moon System, created by
combining Microsoft Direct3D Library, C++ programming language, and Autodesk
3-DMax for model construction. The system allowed students to view simulation of
the earth’smovement and orbit, Earth’s location, simulation of themoon’smovement
and phases, and the sun and moon positioning. Students were required to view these
components, and the learning activities focused on the moon’s phases and location.

The 3D virtual farm in Tarng and colleagues’ (2012) study with third graders
allowed students to navigate a detailed farm that included a pond, a garden, and
buildings. The application allowed students to role play as farmers caring for their
animals and crops. Animals moved and grew over time from the students’ care.
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Students could plant vegetables and observe their growth from seeds. The elementary
children had to be actively engagedwith the virtual farm’s components and, over time,
measure the growth of the animals and plants they cared for.

10.2.7 Current Educational Applications of 3D VR in K-12

Thefindings show that 3DVRwas solely used in the sciences at the upper elementary,
middle, and high school levels. In several of the studies, different 3D VR systems
facilitated VFTs. Virtual field teaching improves accessibility in situations where it is
difficult to physically go to an environment due to climate, terrain, or school resources
(Tutwiler et al. 2012). Similarly, 3D VFTs introduce the “nature of fieldwork” in a
unique way that engages students (Argles et al. 2015). Not only do 3D VFTs build
familiarity of fieldwork with students, but with teachers as well, prompting teachers
to facilitate physical field trips for their students (Argles et al. 2015; Tutwiler et al.
2012). However, Argles and colleagues (2015) argued that 3D VFTs should be used
in conjunction with other resources for best learning.

The study of earth science and geography is among the topics thatwere pairedwith
a variety of 3DVFTs employed in studies. For example, in Lin and colleagues’ (2011)
study and Tutwiler and colleagues’ (2012) follow-up study with the same population
and context, Taiwanese tenth graders used Virtools to virtually visit tough terrain at
high altitudes to explore geological features of Hsiaoyukeng Walking Area within a
remote national park in Taiwan. Students were able to review geological concepts
and explore rocks and weather patterns through their virtual experience.

Pederson and Irby (2014) used a 3D virtual environment for learning (VEL)
namedHurricane Hal and student-directed scientific inquiry, or inquiry-based learn-
ing (IBL), to explore the ecological impacts of a natural disaster on a wetland ecosys-
tem. IBL, a component of constructivism (Fowler 2015), requires students to address
real-world problems by collecting and interpreting data, and then synthesizing the
evidence to come to conclusions, develop curiosity, and ask more questions related
to specific learning goals (Minocha et al. 2017; Pederson and Irby 2014). Pederson
and Irby’s middle school students were given a task using the 3D VEL, prompted to
ask questions, design their own investigation, collect and examine data, and report
findings. Similarly, EcoMuvewas employed in Grotzer and colleagues’ (2015) study
to allow fifth- and sixth-grade students to explore and collect data over time in an
ecosystem that offered a pond along with neighborhoods and a golf course. This
study’s learning focus was on understanding the concepts of causation and change
over time in a natural environment rather than explicit IBL, however, the pedagogy
behind the exploration echoes inquiry.

Minocha and colleagues (2017) integrated geography, IBL, and the 3D VFT,
GoogleExpeditions (GEs),with 4th through eleventh-grade students. The researchers
and educators blended real experience with the virtual to teach geography and time-
change concepts and also to explore the affordances of theGE’s application.Minocha
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and colleagues took students to a physical field trip site—a nature reserve—to sensi-
tize students to the concept of change in environments being caused by construction
and tourism. In this case, a high-speed train track was being hypothetically built in
the area. After the physical field trip, using a 3D VFT deepened students’ inquiry
because they had the physical experience as a foundation of background knowledge.
The pairing of the real and virtual experiences stimulated questions they would not
have previously known to ask (Minocha et al. 2017).

Sun et al. (2010) utilized a 3D VR model named Sun and Moon System to teach
space systems to fourth-grade students. Sun and colleagues explicitly positioned their
population’s learning of space systems within constructivist theory, with a specific
focus on using the 3D VR to correct misconceptions about spatial orientation of the
planets, moon, and sun, and gain new conceptual understanding of space systems. In
another study with elementary students, Tarng et al. (2012) integrated a 3D virtual
farm into third-grade science lessons teaching about plants and animals. Students
learned about common animals and plants, their features, parts, functions, and needs
for living through the use of the 3D VR farm.

These findings indicate that constructivism, the foundation for inquiry learning,
is a dominant pedagogic approach paired with 3D VR in K-12 education. Construc-
tivism posits that humans develop knowledge and understanding through a con-
structive, active process (Dewey 1985; Kavanaugh et al. 2017). In a constructivist
learning environment, students actively and iteratively form a personal, subjective
model of reality from the fluid dynamic between experiences and ideas (Dewey 1985;
Kavanaugh et al. 2017). Constructivist approaches to teaching and learning foster stu-
dents’ ability to access prior knowledge, examine existing ideas, and navigate related
experiences in a supportive, interactive manner, allowing students to construct new
ideas and apply those ideas to create deeper understanding and skills (Sun et al.
2010). The experimental and experiential are essential to learning (Dewey 1985),
and 3D VR technologies in education facilitate constructivist qualities (Kavanaugh
et al. 2017).

10.2.8 Affordances of 3D VR on Student Learning

The studies examined show that the use of 3D VR had a direct impact on students’
learning experiences, notably, when used in conjunction with or to promote physical
fieldwork. Virtools, the technology used to facilitate the 3D VFT with Taiwanese
tenth graders, led students to increased achievement in content learning and posi-
tive attitudes toward the virtual field experience. Furthermore, students had greater
engagement when they directed the 3D VFT rather than observing a teacher via pro-
jection on a classroom board (Lin et al. 2011). In a later report, Tutwiler et al. (2012)
explored how students’ ability to visit the national park site with classmates within
the virtual realm increased desire to physically explore the site in the future. Other
scholars have affirmed the value and importance of pairing 3D VRwith real physical
field experiences (Argles et al. 2015;Minocha et al. 2017). Field scientists have often
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criticized the use of 3DVR to teach concepts that need true field experiences because,
in essence, it is not possible to replace the learning that happens in physical reality
with a 3D VR (Argles et al. 2015). However, when 3D VFTs are implemented to
support physical field courses, they supply further background knowledge and expe-
rience that promotesmore strategic use of students’ timewhile out in the field (Argles
et al. 2015). Prior to physical fieldwork situations, 3D VFTs can allow students to
practice scientific methods applicable to their field of study, making mistakes in a
low-risk environment (Minocha et al. 2017). Furthermore, the nature of scientific
fieldwork can be practiced in classroom settings, in an engaging format, which then
builds familiarity with fieldwork for both students and teachers. 3D VFTs also pro-
vide post-physical fieldwork that reinforces learning, facilitates completion of tasks,
and allows for additional observations (Argles et al. 2015; Minocha et al. 2017). The
use of 3D VFTs can be a valuable aid in enhancing learning outcomes, motivation,
and physical fieldwork at all curriculum levels, and it is best practice that educators
use this type of 3D VR to support physical field experiences rather than replacing
them.

Researchers and educators’ strategic implementation of 3DVR technologies often
has a focus on facilitating students’ independent scientific inquiry through the IBL
approach. The ability to collect and analyze data in the virtual environment promotes
scientific inquiry, or IBL, in the classroom (Grotzer et al. 2015; Pederson and Irby
2014). IBL fosters students’ development of investigation skills in subjects such
as science, history, and geography, leaving plentiful space for problem-solving and
critical thinking (Minocha et al. 2017; Pederson and Irby 2014). IBL was employed
throughout several of the studies analyzed for this review.

In Pederson and Irby’s (2014) study with middle school students, the authors
collected data on students’ engagement and self-directed inquiry and found that stu-
dents’ self-regulated interest in learning increased significantly, shown, for example,
by how students specifically posed many questions at the beginning of the pro-
gram and later spent much time synthesizing evidence from their collected data. The
authors reported further that student engagement throughout the use of the 3D VEL
steadily increased as students grew to understand the structure of IBL and the 3D
VEL, which led to positive outcomes in learning.

Additionally, students using EcoMuve and EcoMOBILE showed increased under-
standing and reasoning about changes over time and the impacts of humans on
ecosystems through an IBL approach (Grotzer et al. 2015). The researchers found
when students visited the physical site after using EcoMuve, and upon viewing the
real pond in nature, it was evident that the students were able to transfer aspects of
the virtual experience to their observations at the real, material pond. The transfer
of learning was apparent with the questions students posed, the information they
sought, and how their attention was focused.

Sun et al.’s (2010) findings indicated that students who had access to Sun and
Moon System 3D VR showed significantly higher learning achievement compared to
the group who did not and expressed a willingness and interest to use the technology.
The authors deduced that the 3D VR model significantly improved learning because
it offered multiple perspectives about space system motion and moon phases rather
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than a textbook explanation. Additionally, a post-survey indicated that more than
two-thirds of the students had desire to use Sun and Moon System 3D VR. Similarly,
Tarng and colleagues’ (2012) virtual farm study with third-grade students found
increased learning achievement and willingness and interest in using the 3D VR
technology. It is important to note, however, that even though more than two-thirds
of Sun and colleagues’ students indicated interest in the 3D VR, some students
showed a preference to learning the scientific concepts in other ways. This finding
supports the point that 3D VR educational technologies are most effective when
combined with other resources and avenues of knowledge and experience.

10.2.9 Future Studies on Contemporary 3D VRs in Education

The findings identify a gap in scholarly understanding of various contemporary 3D
VR. The following technologies were highlighted in the literature but have not yet
been employed in empirical studies. Future research is needed on these 3D VR
technologies as they may have the potential to further extend and enhance K-12
learning. Argles and colleagues (2015) presented the 3D VFT Virtual Skiddaw to
teach geology. Virtual Skiddaw, shown in Fig. 10.2, can be accessed via any Web
browser and it has a multiuser capability which allows for collaborative group work,
even when users are geographically dispersed. Brown and Green (2016) detailed
applications such as Google’s Street View which allows the user to create and view
others’ photospheres and share them on the internet.

Other applications Brown andGreen presented wereMattel’sView-Master, which
is similar to Google Cardboard; Discovery VR which allows viewers to enter Dis-
covery channel’s TV shows; and VR Immersive Education which allows users to

Fig. 10.2 Virtual Skiddaw 3D VR geology field trip (TheOpenScience Laboratory 2013)
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Fig. 10.3 Oculus Rift
headset (Oculus, n.d.)

create environments in history and science to deepen understanding. Moorefield-
Lang (2015) described the most recent version of Oculus Rift which offers users an
advanced headset and the ability to design 4D VR apps themselves. Users have a
“beta share space” to support the sharing and testing of other user-created programs
on their headset devices. The Oculus Rift headset is shown in Fig. 10.3.

While these descriptions of programs often refer to science teachers, Han (2011)
explored how the use of the 3D VR application Second Life could be used with art
students. As Second Life offers the ability to build one’s own 3D virtual environment,
Han argued that art students could create 3D art in the virtual world in the same ways
a sculptor would in physical reality. Han’s article shows possibility for alternative
approaches with the use of 3D VR in education, leading users into subject areas
outside the realm of the sciences and data collection. As Brown and Green’s (2016)
description of VR Immersive Education implies, creating an environment in history
could be a powerful tool in increasing students’ motivation to learn history and
also understand what an environment in the past may have looked like. Grotzer and
colleagues’ (2015) EcoMuve, which addressed the concept of time—past, present,
future—implies further ability to create environments to simulate the past. Chintiadis
et al. (2018) exhibited how environments representing places in the past can be
created for educational use with their description of Trials of the Acropolis. This 3D
VR aligned with third-grade Greek history and Greek mythology allows students to
enter Ancient Greece with the purpose of fulfilling an ancient myth. Users engage
with avatars, hear background music, and are able to have rich experience with
characters and storytelling. These innovative, current 3D VR applications imply a
wide range of uses for teaching and learning (Fig. 10.4).

Scholars posit that 3D VR technologies can be beneficial in K-12 teaching and
learning; however, further examination of specific 3D VR technologies with empir-
ical methods is needed. It appears from these findings that more research is needed
in different K-12 subject areas, such as mathematics, social studies, and literacy.
Furthermore, many of the extant studies are in middle and high school and further
exploration is needed with younger students.
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Fig. 10.4 VR Immersive Education’s “Apollo 11” represents the historic 1969NASA space journey
(VR Education Holdings 2019)

10.3 Conclusion

The current research examined in this systematic review conveyed the rapid advance-
ments of 3DVR technologies inK-12 education. Educators and learners have options
available on the market to use a multitude of realistic applications on mobile devices
and laptops/desktops. Some of the VR applications are screen-based and others con-
nect with a variety of headsets that allow users to experience virtual worlds with
peripheral vision. It appears from the findings of this thematic systematic review
that the grade levels and disciplines where 3D VR is most often applied are middle
and high school classrooms narrowed to branches of science. The studies reviewed
indicated that 3D VR facilitates the pedagogic approach of constructivism, with a
specific focus on inquiry-based learning (IBL) in the sciences. While other system-
atic reviews identified constructivist learning theory in previous empirical research,
this review’s findings reveal a specific focus on the iterative process of inquiry to
build knowledge and understanding in K-12 settings. This approach conjoined with
3D VR technologies has been found to enhance learning experiences, leading to
increased achievement and motivation. More empirical research is needed to explore
the affordances of the most contemporary 3D VR systems and how they enhance
learning.

With the lack of empirical research exploring the use of 3D VR technologies in
disciplines other than the sciences and these findings suggesting that 3DVRenhances
students’ learning and motivation, there is a further need to examine the affordances
of 3DVR in other subject areas. Craddock (2018) argued that usingGEs in her library
biology lesson-assisted English language learners in better understanding scientific
concepts because the visual experience created association with the scientific lan-
guage. If entering 3D virtual worlds assists students with understanding scientific
language, then what could a 3D VR to teach reading or writing add to this prelim-
inary knowledge related to language acquisition? Additionally, using a 3D VR for
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students to not only enter an environment, but a community of people in a place and
time, could offer powerful social and historical learning experiences. In the arts and
engineering, affordances of 3DVRs could allow students to build objects and images
in an environment. These implications leave much to be explored.

Lastly, this review reveals there is a dearth of research with primary students.
Bruner (1960/1977) argued that every child at any stage of development can be effec-
tively taught any subject in an intellectually honest form. Teaching with advanced
technologies is no exception to Bruner’s philosophy. Though teaching and learning
certainly gain complexity as student’s age, elementary students, like those in Sun and
colleagues’ (2010) study, are exposed to intricate concepts that require understand-
ing of a physical, visual, dynamic world. As scholars continue to conduct research
in K-12 education utilizing contemporary 3D VR systems, educators and students at
a variety of levels and disciplines will be able to experience new, virtual notions of
what objects and environment, experience and inquiry can be.

Glossary of Terms

3D VR A digital representation of an environment where users can create their own
presence move around and see peripherally, and interact with objects.

Constructivism A learning theory that suggests humans develop knowledge and
understanding when in a supportive environment that allows them to construct
new ideas and apply those ideas to create deeper understanding and skills.

Google Cardboard A small box equipped with lenses that fits into a smartphone
to be paired with 3D VR technology, Google Expeditions.

Google Expeditions A 3D VR technology that offers more than 500 3-D virtual
field trip expeditions that allow for 360-degree photospheres of locations all over
the world.

Immersive Environment A realistic three-dimensional virtual environment where
users have a presence they can control and use to interact with matter in the
environment.

Inquiry-Based Learning A component of constructivism that requires students
to address real-world problems by developing curiosity through question-
ing collecting and interpreting data, and synthesizing evidence to come to
conclusions.

Virtual Environment for Learning A 3D virtual environment that represents real-
istic natural environments where users have the ability to interact with objects
in the environment collect data, and see change over time.

Virtual Field Trips A 3D virtual environment that can represent real-world loca-
tions. Users have the ability to interact with objects in the environment collect
data, and collaborate with other users within the environment.



10 3D Virtual Reality in K-12 Education: A Thematic Systematic … 183

References

Argles, T., Minocha, S., & Burden, D. (2015). Virtual field teaching has evolved: Benefits of a 3D
gaming environment. Geology Today, 31(6), 222–226.

Bennett, J. (2010). Vibrant matter. Durham, UK: Duke University Press.
Boyatzis, R. E. (1998). Transforming qualitative information. Cleveland: Sage.
Brown, A., & Green, T. (2016). Virtual reality: Low-cost tools and resources for the classroom.
Tech Trends, 60, 517–519.

Bruner, J. (1960/1977). The process of education. Cambridge, MA: Harvard University Press.
Chintiadis, P., Kazanidis, I., Tsinakos,A. (2018). Trials of theAcropolis: TeachingGreekmythology
using virtual reality and game based learning. In M. Auer & T. Tsiatsos (Eds.), Interactive
mobile communication technologies and learning: Proceedings of the 11th IMCL conference
(pp. 247–257). Cham, Switzerland: Springer.

Choat, S. (2018). Science, agency, and ontology: A historical materialist response to new
materialism. Political Studies, 66, 1027–1042.

Craddock, I. M. (2018). Immersive virtual reality, Google Expeditions, and English language
learning. Library Technology Reports, 54(4), 7–9.

Dalgarno, B., & Lee, M. J. W. (2010). What are the learning affordances of 3-D virtual environ-
ments? British Journal of Education Technology, 41(1), 10–32. https://doi.org/10.1111/j.1467-
8535.2009.01038.x.

Dewey, J. (1985). Democracy and education, 1916. Il: Southern Illinois University Press
Carbondale.

Fowler, C. (2015). Virtual reality and learning: Where is the pedagogy? British Journal of
Educational Technology, 46(2), 412–422. https://doi.org/10.1111/bjet.12135.

Gough, D., Oliver, S., & Thomas, J. (2012). An introduction to systematic reviews (2nd Ed.).
London, UK: Sage.

Grotzer, T. A., Powell, M. M., Derbiszewska, K. M., Courter, C. J., Kamarainen, A. M., Metcalf, S.
J., et al. (2015). Turning transfer inside out: The affordances of virtual worlds and mobile devices
in real world contexts for teaching about causality across time and distance in ecosystems. Tech
Know Learn, 20, 43–69. https://doi.org/10.1007/s10758-014-9241-5.

Han, H. (2011). Second Life, a 3-D animated virtual world: An alternative platform for (art)
education. Art Education, 64(4), 41–46.

Hew, K. F., & Cheung, W. S. (2010). Use of three-dimensional (3-D) immersive virtual worlds in
K-12 and higher education settings: A review of the research. British Journal of Educational
Technology, 41(1), 33–55. https://doi.org/10.1111/j.1467-8535.2008.00900.x.

Kavanaugh, S., Luxton-Reilly, A., Wuensche, B., & Plimmer, B. (2017). A systematic review of
virtual reality in education. Themes in Science & Technology in Education, 10(2), 85–119.

Lin, M., Tutwiler, M. S., & Chang, C. (2011). Exploring the relationship between virtual learn-
ing environment preference, use, and learning outcomes in 10th grade earth science students.
Learning, Media & Technology, 36(4), 399–417.

Mikropoulos, T., & Natsis, A. (2011). Educational virtual environments: A ten-year review of
empirical research (1999–2009). Computers & Education, 56, 769–780.

Minocha, S., Tudor, A., & Tilling, S. (2017). Affordances of mobile virtual reality and their role in
learning and teaching. In The 31st British human computer interaction conference. University of
Sunderland’s St. Peter’s Campus, UK, 2017. Sunderland, UK: BCS Learning and Development
Ltd.

Moorefield-Lang, H. (2015). Libraries and the rift. Knowledge Quest, 43(5), 76–77.
Oculus. (n.d.). Oculus rift. Retrieved February 4, 2019, from https://immersivevreducation.com/
apollo-11-vr/.

Pederson, S., & Irby, T. (2014). The VEL science project: Middle schoolers’ engagement in student-
directed inquiry within a virtual environment for learning. Computers & Education, 71, 33–42.

Rautio, P. (2013). Why children carry stones. Children’s Geographies, 11(4), 394–408.

https://doi.org/10.1111/j.1467-8535.2009.01038.x
https://doi.org/10.1111/bjet.12135
https://doi.org/10.1007/s10758-014-9241-5
https://doi.org/10.1111/j.1467-8535.2008.00900.x
https://immersivevreducation.com/apollo-11-vr/


184 R. Tilhou et al.

Sun, K., Lin, C., & Wang, S. (2010). A 3-D virtual reality model of the sun and the moon for
e-learning at elementary school. International Journal of Science and Mathematics Education,
8, 689–710.

Tarng, W., Chang, M., Ou, K., Yu, K., & Hsieh, K. (2012). The development of a virtual farm
for applications in elementary science education. International Journal of Distance Education
Technologies, 10(2), 1–16.

Tesar, M., & Arndt, S. (2016). Vibrancy of childhood things: Power, philosophy, and political
ecology of matter. Cultural Studies Critical Methodologies, 16(2), 193–200.

TheOpenScienceLaboratory. (2013).Virtual Skiddaw: 3Dgeologyfield trip. Retrieved fromhttps://
learn5.open.ac.uk/course/format/sciencelab/section.php?name=skiddaw_1.

Thomas, J., & Harden, A. (2008). Methods for the thematic synthesis of qualitative research in
systematic reviews. BMC Medical Research Methodology, 8(45).

Tutwiler, M. S., Lin, M., & Chang, C. (2012). Determining virtual environment “fit”: The relation-
ship between navigation style in a virtual field trip, student self-reported desire to visit the field
trip site in the real world, and the purposes of science education. Journal of Science Education
and Technology, 22, 351–361. https://doi.org/10.1007/s10956-012-9398-4.

VR Education Holdings. (2019). Apollo 11 VR. Retrieved from https://immersivevreducation.com/
apollo-11-vr/.

Rebecca Tilhou is Graduate Research Assistant and Doctoral Student of Curriculum and Instruc-
tion in Darden College of Education and Professional Studies, Old Dominion University, Virginia,
USA. Her research interests involve alternative and innovative pedagogies and educational models
with a focus on early childhood and elementary education.

Valerie Taylor is Graduate Research and Teaching Assistant in the doctoral program in Cur-
riculum and Instruction in Darden College of Education and Professional Studies, Old Dominion
University Virginia USA. Her research interests include digital and disciplinary literacy and the
integration of educational technology and digital tools across content areas.

Helen Crompton (Ph.D.) is Associate Professor of Educational Technology at Old Domin-
ion University. She holds a Ph.D. in Educational Technology and Mathematics Education. Her
research is primarily focused on educational technology. She has presented at national and inter-
national conferences on the topic of educational technology and published over 100 articles,
chapters, and white papers in this field.

https://learn5.open.ac.uk/course/format/sciencelab/section.php%3fname%3dskiddaw_1
https://doi.org/10.1007/s10956-012-9398-4
https://immersivevreducation.com/apollo-11-vr/


Chapter 11
Personalized Learning for Adults:
An Emerging Andragogy

Kathryn Wozniak

Abstract Recent research has revealed benefits to using technology to personalize
and adapt a learning experience to the learner’s preferences, habits, and developing
expertise (Cardona et al. in 2013 IEEE Colombian conference on communications
and computing (COLCOM), pp. 1–6, 2013; Johnson and Samora in Glob Educ J
2016;Murray and Pérez in Informing Sci: Int J EmergTransdiscipline 18, 2015;Yang
et al. in Educ Technol Soc 16, 2013). Personalized learning can give each learner
the opportunity to learn effectively and efficiently based on his or her own assets
of skills, knowledge, and abilities, supporting a student-centered pedagogy. It also
can provide the opportunity for wide-scale access to quality learning and teaching
where public or open education has fallen short due to limited resources (Dockterman
in npj Sci Learn 3:15, 2018). While there are a number of studies of personalized
learning design and implementation, most of these studies were conducted in K-12
classroom environments, where the approach to teaching and learning is different
than the approach for adult learners in workplace or informal learning environments.
Adult learners have various types and amounts of reasons, access, time, motivation,
and resources for learning, which would affect the way a tailored or individualized
experience would be designed for them as compared to children (Knowles et al. in
The adult learner, 2012). This chapter will review existing research on personalized
learning and will define andragogy, which is teaching and learning designed for
adult learners. Recommendations for designing personalized learning experiences
and technologies will be explored, such as designing proper diagnostics, scaffolds,
and features for higher-order thinking skills development. Based on this literature
review and outline of recommended practices, the author will delineate next steps
and considerations for future research on personalized learning for adults.
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11.1 Introduction

Personalized learning is similar to a personalized online shopping experience. For
example, if a learner wants to study biology, the personalized learning technology
with which he or she interacts should have initial diagnostics to determine prior inter-
ests, skills, abilities, and knowledge. Based on these initial diagnostics, the person-
alized learning technology should automatically individualize a program of study to
fit the learner’s needs with a balance of challenge and engagement. Varied resources,
stepwise assessments, and individualized activities must be ready for deployment to
meet a broad range of scenarios that each learner interacting with the system will
require.

Recent research on personalized learning has revealed benefits to using technol-
ogy to adapt the learning experience to learners’ preferences, habits, and developing
expertise (Johnson and Samora 2016; Yang et al. 2013). The majority of recently
developed adaptive learning software uses algorithms to identify individuals’ learn-
ing styles and analyze their behavior when engaging with learning artifacts in the
system, which then directs the system to automatically present customized content
such as readings, activities, and assessments based on those results (Tseng et al.
2008). Many of these tools are structured to allow for Bloom’s mastery method of
“re-teaching” or “differentiating” with new activities or other resources for learning
when the student does not meet a certain threshold of achievement.

The idea of differentiating learning experiences and analyzing learning styles to
determine best methods of teaching and learning is not new, but the use of computers
to automate this process is. While there is data that shows students are “satisfied”
with their experience with some personalized learning approaches and systems, there
is limited research on whether and how the approaches and systems are improving
their learning or the learning process (Cardona et al. 2013; Murray and Pérez 2015).
Despite concerns with the validity of these tools for learning, new personalized
learning technologies are coming on the market each day and show promise in both
K-12, higher education, and workplace training environments. Thus, it is critical
that instructional designers and educators familiarize themselves with the tools as
well as with the processes involved in designing “good” learning experiences using
these approaches and tools, with the expectation that there needs to be good content,
scaffolding, and alignment to learning goals, regardless of the validity of the tool
used.

However, most of the literature focuses on the development of the tools used for
personalized learning, not on the design of the learning experience that happens via
these tools. There is limited guidance for instructional and web designers on how
designing a personalized online learning experience may be different than designing
a non-personalized online learning experience. Backward design is one of the most
frequently applied models in the instructional design process that focuses on desired
results, evidence, and a learning plan—all working backwards from specific learning
goals and key evidence and artifacts (Wiggins and McTighe 2011).
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Additionally, while there are a number of studies of personalized learning tools,
most of these studies were conducted in K-12 classroom environments, where the
approach to teaching and learning is different than the approach for adult learners
in workplace or informal learning environments. Adult learners have various types
and amounts of reasons, access, time, motivation, and resources for learning, which
would affect the way a tailored or individualized experience would be designed for
them as compared to children (Knowles et al. 2012). To date, there are few studies that
discuss design requirements for personalized learning experiences and technologies
as they pertain to adult learners as well as if and how they differ from designing for
adult learners in non-personalized learning contexts.

Considering this gap, it is critical to better understand the role of instructional
designwhen it comes to personalized learning experiences and technologies for adult
learners, such as those in higher education and workplace training settings. Personal-
ized learning systems are increasing in popularity, so it is imperative to develop best
practices for designers and practitioners who are working with personalized learning
systems and structures. What should educators, trainers, and instructional designers
consider as they develop a personalized learning experience in higher education and
for workplace training? What are the challenges and opportunities?

11.2 Why Adult Learners?

Personalized learning and its usefulness in themultiple contexts in which adults learn
are often not directly or intentionally explored with adult learners—those who are
beyond traditional undergraduate college age—in educational settings or in infor-
mal or workplace learning environments. While pedagogical practices and learning
technologies have been developed to support personalized learning, most research
has focused on grades K-12 and developmental scenarios. Very few studies have
examined returning adult learners in post-secondary settings or workplace settings,
where they need continued support in developing and transferring knowledge and
skills for success (Veenman et al. 2006).

It is also important for instructional designers and educators to better understand
adult learners’ needs when it comes to personalized learning because adults are a
significant portion of the college student population. According to a recent study,
60% of the US undergraduate student population is made up of post-traditional
adult learners: “meaning they were older than 24, worked full time, were financially
independent, or were a current, former, or spouse of a member in the military”
(American Council on Education 2017). Additionally, the frontal lobe of the adult
brain, which controls self-regulating and metacognitive skills related to judgment,
critical thinking, and decision making, does not fully develop until the mid-20s, so
the goal of understanding and supporting adult learners as a separate entity from
K-12 learners makes sense (Powell 2006). Instructional design principles have been
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developed for broad-scale learning design, but, again, most research and resources
have gone toward designing learning experiences for children and teenagers, not
adult learners.

Furthermore, we know that more and more adults are learning and training in
online environments (i.e., e-learning); in fact, the average age of an online learner
is 33 years old (Kolowich 2012). However, we are still trying to understand their
learning practices or strategies while learning or training online or how to support
them in these environments. A 2013 Sloan study of online education growth reports
that “over 6.7 million students were taking at least one online course during the fall
2011 term, an increase of 570,000 students over the previous year” and “thirty-two
percent of higher education students now take at least one course online.” However,
the study also reports that retention, students’ lack of discipline, and unfavorable
views of online learning by employerswere barriers to the success of online programs
and courses (Allen and Searman 2013). Contributing to the retention and discipline
issue is the fact that adults, while strong in metacognitive awareness, often lack the
metacognitive regulation skills, such as timemanagement, planning, and strategizing
for learning, that are needed to succeed in online learning environments (Artino and
Stephens 2009;Michinov et al. 2011).While some of these studies look at traditional-
aged undergraduates (18–22), they also look at graduate students who fall in the 24
and older age range that is under investigation in this research. Graduate students
tended to do better with metacognitive awareness and knowledge of cognition than
undergraduates, but still lacked transfer and regulation skills.

In the e-learning landscape, researchers have also found that success in online
environments is due to “high levels of participation, a supportive facilitator style, and
ample opportunities for metacognitive reflection” (Cacciamani et al. 2012). Educa-
tors, designers, and researchers have made strides in recent years to scaffold this type
of learningwithin andbeyond the classroom.Learning systems and technologies have
been developed to support learners in participating in and integrating authentic and
personally meaningful learning experiences and gaining adaptive expertise (Brans-
ford et al. 2000; Herrington et al. 2014; Land et al. 2014). Additionally, research
on learners and learning in digital environments has shown that participation in dig-
ital learning environments supports metacognition because of the opportunity for
learners to connect with each other via social networks and construct representations
of their identities and knowledge so they can then critically reflect on them (Akyol
and Garrison 2011; Cambridge 2008). These studies support the notion that techno-
logical interventions should draw from educational practices concerned with social
constructionist learning theory and a learner-centered design framework.

Yet, many of the technologies and practices that claim to support learning
and cognitive development tend to perpetuate teacher/teaching-centered rather than
learner/learning-centered principles and tools, for example, learning management
systems (Dalsgaard 2006; Dohn 2009; Wegener and Leimeister 2012). For person-
alized learning, several technologies have been tested on grade school, high-school,
and college-aged students (18–24 years old), and they are primarily for assisting
learners in particular domains that require structured problem-solving rather than
across multiple contexts (e.g., Dabbagh and Kitsantas 2012; Roberts-Mahoney et al.
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2016; Kara and Sevim 2013). The research on technologies and e-learning systems
that specifically support adult learners and their personalized learning experience is
limited.

Due to the increasing opportunities for adults to learn online, more attention
has been paid to developing tools and practices that support adult learning in online
environments and draw from established principles of adult learning and teaching (or
“andragogy”). When considering ways to support personalized learning for adults,
it is necessary to review these principles and recent research on how adult learners
learn online.

11.3 Andragogy and Personalized Learning

The conversation around learning and education for adults in particular, also known
as “andragogy,” is not a new one. One key thinker in this conversation is Malcolm
Knowles. Knowles and others have argued that teaching adults is different from
teaching children, and that there is a “continuum of learning,” where a learner with
more experiences to draw upon will have more independence and self-direction
when it comes to learning. Henschke and Cooper (2006) conducted a review of
the literature to support the foundation for andragogy. They found several practice-
based empirical studies in andragogy that demonstrate how adults’ independence,
understanding of self, and previous experience are common factors in andragogy.
Based on this previous research as well as his own studies, Knowles states that adult
learners can be characterized according to the following due to their higher exposure
tomore situations and experiences than children and teenagers (Knowles et al. 2012):

1. Need to know: adults want to know why they need to learn something or have a
real-life experience that has resulted in their need to know

2. Self-concept: adults are responsible for their lives and appreciate the opportunity
to be self-directed with regard to their learning

3. Prior experience: adults come to learning situations with a variety of prior life
experiences on which they draw and make meaning

4. Readiness to learn: adults are ready to learn what is most relevant to them at a
given time

5. Learning orientation: adults learn best in real-life, authentic contexts
6. Motivation to learn: adults may be externally or internally motivated to learn, but

the most influential motivation tends to be intrinsic (Knowles et al. 2012).

In the 1980s, when computer-aided learning was rapidly growing, Knowles
applied some of these adult learning principles to a computer-aided learning context
for adults:
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1. Explain the reasons specific things are being taught (e.g., certain commands,
functions, operations, etc.).

2. Instruction should be task-oriented instead of memorization—learning activities
should be in the context of common tasks to be performed by the others.

3. Instruction should take into account the wide range of different backgrounds of
learners; learning materials and activities should allow for different levels/types
of previous experience.

4. Since adults are self-directed, instruction should allow learners to discover things
for themselves, providing guidance and help when mistakes are made. (Knowles
et al. 2012).

These principles have also been applied to instructional design for adult learners
in twenty-first-century online environments. Cercone (2008) and Blondy (2007) in
their reviews of the adult learning literature note that instructional designers need to
be attentive to an adult learner’s independence, self-directedness, prior experience,
and need for respect as an expert and as mature individuals with a great number
of external responsibilities and limited time and resources. This means that there
should be intentional goal toward facilitation rather than instruction or “banking” of
knowledge—the teacher, educator, or collaborator should not tell the learner what to
do and how to do it. Instead, adult learners should be providedwith space to transform
and have control over their own learning with ample opportunities to seek support if
they require it (Knowles et al. 2012). Learning design should also be process-based,
interactive, and collaborative. Cercone (2008) states that for adult learners,

[…] the learning process is more than the organized acquisition and storage of new infor-
mation. The learning process involves learning about oneself and transforming not just what
one learns, but also the way in which one learns. It is also about sensing, visualizing, per-
ceiving, and learning informally with others. Interaction and collaboration should occur in
the learning environment to facilitate adult learning. (pp. 151–152)

Finally, while the greater number of adult learners in online education has
increased interest in online and blended learning, motivating students to persist and
complete experiences such as self-paced online trainings, college courses, and mas-
sive openonline courses (MOOCs) has been a challenge (Shapiro et al. 2017;Lee et al.
2013). Many students of MOOCs have found they lose interest and self-motivation
due to either the lack of, or the overwhelming amount of, discussion posts from
other students participating in the MOOC. Sifting through this information to make
meaning and find opportunities for engagement can be daunting. Again, making
the content and activities of the learning experience relevant to and easy for adults
and providing the support they need when they need it are key to their persistence
(Shapiro et al. 2017; Loizzo et al. 2017).

Knowing more about adult learners’ characteristics both in terms of personalized
learning will inform the decisions made when designing learning experiences and
personalized learning tools for them. Adult learners require personalized interven-
tions that provide opportunities for self-direction, collaboration, authenticity, and
relevance.



11 Personalized Learning for Adults: An Emerging Andragogy 191

11.4 Designing Personalized Learning Experiences
for Adults

When considering an andragogical approach to personalized learning, it is important
to keep Knowles’ principles of andragogy in mind. Below are some suggestions for
aligning personalized learning with those principles.

11.5 Prompt the Adult Learner to Identify Their Expertise,
Preferences, and Interests

Theword “personalized” in personalized learning suggests that each learner is unique
and comes to the learning situation with a variety of different experiences, prefer-
ences, and interests. While adults and children are both unique in these respects,
adult learners have a higher level of metacognition than children, as well as greater
experience in different aspects of life more broadly, giving them a stronger ability
to self-analyze and be self-directed when in learning situations (Salles et al. 2016).
This means that when asked “what do you know,” “what is best for you,” “why are
you doing this,” and “what do you prefer in situation X,” adults will likely have more
in-depth and potentially more accurate responses than children. This difference is
apparent in the andragogy principles of self-concept, prior learning, and motivation
to learn:

2. Self-concept: adults are responsible for their lives and appreciate the opportunity to be
self-directed with regard to their learning

3. Prior experience: adults come to learning situations with a variety of prior life experiences
on which they draw and make meaning

6. Motivation to learn: adults may be externally or internally motivated to learn, but the most
influential motivation tends to be intrinsic. (Knowles et al. 2012)

For this reason, personalized learning systems for adult learners should prompt
the learners for their expertise, preferences, and interests directly, rather than letting
the system make those assumptions based on usage alone. Many technologies that
attempt to personalize an experience personalize it based on choices the users are
makingwithin the system and do not use any diagnostics of previous learning. Here is
an example in the commercial world. Amazon.comwill base its recommendations for
you according to what you recently bought or reviewed, as well as other demographic
information they obtain when you set up your account, but they do not regularly ask
“what do you think of this?” or “how are we doing at personalizing this experience
for you?”.

To follow these three principles, personalized learning experiences and systems
should start (and continue) with what the adult learner already knows and can do,
as well as what they prefer, like, or dislike. A series of diagnostics and self-reports
can be offered before, during, and after each learning experience. For example, if
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an adult learner needs to demonstrate workplace safety compliance, they should be
offered a pre-test or other type of assessment to determine what they remember from
the last time they were evaluated for compliance as well as a quick survey to ask
them how they would like to learn new information about workplace safety: video,
slides, texts, audio, or some combination of both. Other personalized multimedia
modality preferences could be offered as well, such as whether the learner is able
to skip through a video to key points, whether they can choose to view cartoons
instead of videos of actors, and whether they want to interact or collaborate with
other employees or work independently in order to learn new material. They could
also be asked about their preferences for other personalized aspects of a learning
experience, such as quiz question format, pace, or subject matter for examples (e.g.,
do they want to see examples with characters and settings of their own choosing?).

A word of caution when prompting learners about their expertise and preferences:
there are times when an individual may be unsure about these aspects. It is also
possible that the diagnostics used to determine these aspects are not in line with
the learner’s understanding of them. For example, if the learner says they like to
learn with video, this may only be the case when learning complex material like
physics theories, but not for simple procedural tasks, like baking a cake. It is therefore
critical that self-reports and diagnostics are triangulatedwith other data such as usage
patterns and assessment scores. For example, usage patterns may show that learners
skip through video to charts and summaries, so video may not actually be the best
mode of communicating content to them. Assessment scores may show that while
the learner stated they prefer learning by listening to podcasts and working with
other students, they are not remembering key concepts or do not apply what they
have learned in effective ways. Thus, while it is recommended to prompt learners
for their prior knowledge and preferences, this should be analyzed along with other
learner data.

11.6 Align Learning Objectives to Learning Tasks,
Activities, and Resources

The andragogy principles suggest that adult learners’ have a need to know and a
readiness to learn, and they appreciate having a learning orientation:

1. Need to know: adults want to know why they need to learn something or have a real-life
experience that has resulted in their need to know

4. Readiness to learn: adults are ready to learn what is most relevant to them at a given time

5. Learning orientation: adults learn best in real-life, authentic contexts. (Knowles et al.
2012)

Adults are learning because they need to know something and want to see the
value of their learning in the real world. How did the learner get to this point in their
learning and do they know why they’re here?
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To address these three principles of andragogy, it makes sense to align all learn-
ing tasks and learning objects in any personalized learning experience to learning
objectives and standards. In many evidence- and performance-based learning envi-
ronments, educators and trainers are required to align students’ acquisition of content,
knowledge, and skills to predetermined standards. These standards are often estab-
lished by accrediting bodies or professional associations. Seemingly, this type of
alignment would be easily done in a personalized learning environment. All content,
activities, and assessments would be aligned to a standard, thus ensuring that upon
reading, replying, evaluating, or completion of some other learning task, students are
meeting all of the standards required in the learning experience.

One way of making this alignment clear in a personalized learning environment
would be to offer an interactive list of learning outcomes or standards that apply
to that particular learning situation. Since learning objectives serve as the ways
students demonstrate their ability to operationalize the standards, this would a way
to systematically align or link learning objectives to content. A drop-down menu
of standards could be provided to instructional designers and with which to align
text, video, quiz and test questions, activities, projects, and all other course content.
Anytime a learner is interacting with a learning task or object, they should be able
to find or see the objective or standard for that particular task, activity, or resource
(Meyers and Nulty 2009).

Aligning learning tasks and learning objects with standards and objectives in this
granular way would also help to make it clear to both the teacher and the learner
which standards or objectives an adult learner needs to work on or improve. For
example, if a teacher or the learning system identifies that John is not demonstrating
Learning Standard X based on interactions with the content he has been exposed to
so far during a learning experience, the teacher or system can re-teach and provide
additional resources that match the learning objective the student fails to grasp. One
opportunity for designing this personalization into the learning experience is through
rubrics. Rubrics could be linked and aligned to learning objectives, which are aligned
to the standards. By identifying areas of misunderstanding, misinterpretation, and/or
misapplication of core concepts in the grading rubric, instructors articulate specific
deficiencies in the learning objectives that the student should address. Personalized
tools could allow students to click on the specific criterion in the rubric with which
they are having trouble and receive help on that issue through supplemental texts,
video, or other teaching materials. A rubric feature would allow students to click on
criteria on which they did not meet expectations and to be given additional material
directly relevant to their needs. Any additional text, video, or other content chosen
by the instructor, student, or system would allow John another opportunity to meet
the standard and objectives.

An opportunity for assessment of what the student knows and can do with this
content is critical to ensure that learning happens, but also that the adult learner is
fully aware of what they are learning, why they are learning it, and what is most
relevant to meet a particular learning standard. Content, tasks, and activities should
be aligned with the learning objectives, and this should always be visible and clear
to the adult learner.
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11.7 Offer an Array of Resources and Assessment Options

Traditional learning experiences typically have one set of required resources and
assessments or activities. Occasionally there are recommended resources, but these
are rarely integrated into key assessments and activities, so learners rarely review
them. Regarding a specific learning experience (computer skills), Knowles et al.
(2012) stated that:

3. Instruction should take into account the wide range of different backgrounds of learn-
ers; learning materials and activities should allow for different levels/types of previous
experience.

4. Since adults are self-directed, instruction should allow learners to discover things for
themselves, providing guidance and help when mistakes are made.

That said, personalized learning for adults should offer an array of resources and
assessment options, especially those that focus on the higher levels of thinking and
learning. This array would foster an environment where students could master key
concepts through self-selected or recommended resources and assessments.

In a personalized learning experience or system, learners would be offered mul-
tiple resources that cover the same or similar content. If these are all aligned with
the objectives and standards as stated earlier, then the learners should be able to
successfully complete assessments and provide evidence of their learning regardless
of which resource they select. A personalized learning system could automate this
process by pulling relevant resources from theweb or an established resource bank as
needed, such as those that are open educational resources (OERs). An instructional
designer, course instructor, and students for a particular course or learning objective
could curate and rate the resources from the OERs so that a database for the course
could be tailored even more as time goes on.

Assessments could also be varied and give adult learners options to demonstrate
their learning. While some quiz and test software is smart enough to identify key
terms from a document or website in order to provide multiple choice questions with
distractors (e.g., Liang et al. 2018), it has not yet reached the level where it can
generate high-level questions appropriate for more advanced subjects and topics.
Future software would be able to pull out key concepts from the text and other
materials provided by the instructor or instructional designer to develop content
questions, and possibly even offer projects and activity ideas. The tool would be able
to develop knowledge and comprehension questions from the supplied text and video,
resulting in the student’s’ ability to receive immediate results from the assessment
and identification of areas where additional learning was necessary.

Giving adult learners the opportunity to not only select the resources they feel
would support them best but also select the assessments and activities that appeal to
them would undoubtedly follow the principles of andragogy outlined earlier. Future
research would need to look further into whether this type of personalization does
indeed lead to more effective and efficient learning for adults.
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11.8 Conclusion and Next Steps

While it is important to think about the ways that a personalized learning approach
could improve upon learning in the K-12 classroom, it is equally important to think
about how it aligns with adult learning or andragogy and can improve adults learning
experiences aswell. Adults are going back to school in great numbers, andmany have
found that they need to keep up with their professional development more frequently
as the job market shifts. Thinking about the most effective and efficient ways for
adults to stay current in their professions or even to simply explore new skills and
knowledge is critical in the twenty-first century. Aligning a personalized learning
approach with andragogy principles is a good first step.

The first step in designing personalized learning experiences for adults is to rec-
ognize that adults learn in different ways and for different reasons than children.
Acknowledging this fact will help developers and designers hone in on methods
and principles of design for motivating adults to learn while interacting in online
environments.

The second step is to designwith established adult learning principles inmind such
as those written by Knowles et al. (2012). It is also important to remain critical and
recognize the limitations of adult learning principles and best practiceswhen it comes
to personalized learning environment design, especially since many were developed
with an assumption of face-to-face and other traditional learning situations. For
example, while a personalized experience or system that prompts adult learners to
identify their own interests and preferences supports the principles of adults’ self-
concept and readiness to learn, perhaps their interests and preferences may change
over time or in certain circumstances. It would be necessary in this case to revisit
andragogically based design choices in iterative and reflective manner.

Lastly, the recommendations for features and aspects of a personalized learning
experience or system for adults presented here is just the tip of the iceberg. Many
have already incorporated similar features and functions in their designs, but many
have not and continue to teach and train adults in verymonotonous, tedious, and inef-
ficient ways. A big part of this problem could be the lack of resources to re-create
old curriculum so it allows for a personalized experience. Perhaps the introduction
of automated analytics and assessment for online learning and the growing sophisti-
cation of natural language generators will help educators and instructional designers
make the leap into better learning for all learners.

Professional development and continuing education will continue to be an impor-
tant factor inmaintaining a strongworkforce and a satisfied society in the twenty-first
century. Personalized learning will serve the needs of adult learners as they grow
in their careers and pursue various interests. Educators, human resources leaders,
instructional designers, and software engineers will play a pivotal role in ensuring
that personalized learning experiences align with what we know about adult learners.
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Glossary of Terms

Andragogy teaching and learning strategies aimed at adult learners as opposed to
children.

Personalized Learning an approach to the design of learning experiences and
activities that caters to the individulized needs and preferences of the learner.
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Chapter 12
Learning Cell: Intelligent Technologies
and Resources in Curriculum
Development

Wang Qi

Abstract Curriculum design and development is important for online learning and
it could affect the learners’ learning efficiency. However, learners have different
demands for curriculums and current curriculum design relies much on the experts’
intelligence and experiences, which make it difficult to adapt to different learners.
The development of intelligent technologies has made it possible to analyze the
learners’ personalized information and demands more accurately. As an intelligent
online learning platform, Learning Cell has involved many of the current prevalent
technologies and used them to help instructors and learners develop personalized
online curriculum. This chapter introduces the processes and practices of how the
Learning Cell is used in curriculum design and development. This chapter will give
a new insight for other researchers to implement and conduct research.

Keywords Intelligent technology · Curriculum design and development · Learning
Cell

12.1 Introduction

Curriculum plays an important role in providing high-quality learning and adapting
the learning based on the learner’s needs. So design and development of high-quality
curriculum for different learners is important in education. However, there are some
problems in how curriculum is designed and developed. There are mainly two kinds
of curriculums, the ones developed by the experts and the ones developed by teachers.
For the curriculums developed by the experts, they are usually the exemplary courses
which are of higher quality. Many learners will enroll in this kind of curriculum. The
other type of curriculums are developed by the instructors and targeted to specific
learners in the teacher’s class. The content of the curriculum is more targeted while
the quality is not guaranteed compared to the expert developed curriculum.
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With the development of the Internet and mobile technologies, much information
are created every day. For this reason, learners are faced with much more informa-
tion influx and if they want to adapt to the need of the society, online curriculum
becomes a good choice and support. However, different learners have different learn-
ing requirements and learning style. Under this condition, even if different learners
want to learn the same curriculum, the content and organization of the curriculum
should be different. However, as mentioned before, there are two kinds of curriculum
and they both have limitations. So how to design and develop high quality person-
alized learning contents for each learner is a difficult and meaningful problem to
be solved. On the one hand, it needs a lot of work, and on the other, the designed
curriculum should adapt to the learners’ capacity and knowledge level to provide
high-quality service.

Recently, the progress of intelligent technologies in news generation, image gen-
eration and video generation reveals possibility to solve this kind of problem auto-
matically. In this area, the researchers firstly extract the mode or rules for specific
object. Using the rules, the expert could define some model or algorithm for object
generation. During this process, the most important thing to do is to conduct anal-
ysis of the workflow for specific work and collect all factors that play important
roles in the workflow. Then one can extract the factors and generate some rules for
realizing the workflow. Similarly in curriculum design and development, there are
also operable workflows or rules. This provides great potential to design and develop
curriculum with intelligent technologies automatically.

This chapter will explore the intelligent technologies and theories that support the
development of personalized curriculum.

12.2 Intelligent Technologies Which Can Be Used
in Curriculum Development

Usually, most curriculum developers design and develop the courses based on their
intuition, this results in the gap between the practice and the curriculum theory
(Hungerford et al. 1978). Some researchers conducted research formedical education
curriculum development and defined the six steps including problem identification,
needs assessment, goals and objectives, educational strategies, implementation and
evaluation (Kern et al. 2010). To realize this work, some intelligent technologies
should be involved.

12.2.1 Neural Network

Neural network has been proposed and used for several decades. Its core algorithm
is the backward propagation and has solved many problems in different areas, such
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Fig. 12.1 Neural network for curriculum generation

as face recognition (Cottrell 1991; Lawrence et al. 1997), hand writing recognition
(LeCun et al. 2014; Zamora-Martínez et al. 2014) and voice recognition (Lang et al.
1990;Wu et al. 1996). During this process, the neural network is used to find features
in different areas which might be difficult to recognize by human. So in curriculum
design and development, neural network could also be used for finding potential
rules. These rules could be trained and represented by the input layer, the hidden layer
and the output layer in the neural network. After the network has been constructed,
the learners could get the curriculum they need by inputting their learning needs
and profile. Figure 12.1 shows the process of curriculum generation. Firstly, the
curriculum feature data are extracted and input through the input layer. Secondly,
the data were processed through the hidden layer in order to acquire the weights
among different nodes. After all the parameters in these layers are decided, the
network should use the output result to update all the above parameters which is
called backward propagation. At last, if new data comes into this network, it will
conduct prediction and generate new curriculum automatically.

12.2.2 Knowledge Graph or Semantic Technologies

Knowledge graph is derived from the research of ontology or semantic technolo-
gies. Ontology was originally proposed in the philosophy area and has been used in
computer science area in the 1980s (Chandrasekaran et al. 1999). In many research
projects, ontology is used to represent the concept model of specific domain and as
an engine for the reasoning behind recommendation systems (Shanks et al. 2003).
After 2012, Google proposed the knowledge graph based on several data sources and
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Fig. 12.2 Knowledge graph in specific subject

then the technology of knowledge graph has been used to solve difficult problems
in multiple area based on the concepts and relations (Singhal 2012). In education
area, concept is the basic unit for learning and there is complex relationship among
different concepts. Under this circumstance, knowledge graph can be used to orga-
nize the components and knowledge in education area. Therefore, the knowledge
graph can be used to support curriculum design and development. Generally, the
knowledge graph is constructed by the experts from the curriculum standard and
can be expanded by crowdsourcing capacity during the real learning context. The
structure of the knowledge graph could be divided into four levels and each level rep-
resents knowledge points of different granularity (Fig. 12.2). As to each concept in
the knowledge graph, some links could be constructed which could represent the log-
ical relations among these concepts. With these relations, if a learner has something
wrong with one concept, the related concept or resources could be provided.

12.2.3 Cognitive Map for Learners

Knowledge graph could represent the concepts and their relations. It is defined from
the aspect of objective knowledge and learning content. However, learning could
be influenced by multiple factors including the learners’ cognition, behavior, the
outside environment and the social interactions (Axelrod 2015). With the inter effect
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Fig. 12.3 Cognitive map

of these factors, learners’ learning state on different knowledge could be different
(Mei et al. 2014). So in curriculum design and development, a method should be
proposed not only to represent the knowledge itself but also the learners’ cognition
state. Cognitivemap is built based on the curriculumknowledge graph.Moreover, it is
different among learners as each learner’s learning state is added onto the knowledge
graph. After all, the cognitive map could reflect the learner’s knowledge stage and
the learner’s learning path (Fig. 12.3). This could be a better guidance during the
learning process for online learners.

12.2.4 Visualization Technologies

Visualization is a method which could make abstract things easy to understand by
using graphs to represent the process or result. It has been used in different fields to
help workers improve their cognition while completing tasks in the workplace. In the
education area, learner’s learning progress is a dynamic state related tomany different
factors and it is changing all the time. If the process and their learning result could
be visualized, it will help both the learners and the instructors promote the learning
or instruction efficiency. Accordingly, there are mainly two kinds of visualization in
education area. One is the visualization of the learning environment and process and
the other is the visualization of the result. The first is to help learners visualize the
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Fig. 12.4 Visualization of the learning result

cognition process by using interactive 2-D or 3-D technologies (Macdougall et al.
2016; Shoufan et al. 2015) such as the virtual reality (VR)/augmented reality (AR).
For example, the magnetic field is one of the most important part in physics subject
and it is usually invisible. The visualization systems could simulate themagnetic field
and make its changes visible for learners during the learning process (Matsutomo
et al. 2012). This will reduce the learners’ cognitive load as well as instructors’
load in explaining the process. Another visualization system is used to visualize the
learners’ participation so as to explicate their behavior and promote learning (Janssen
et al. 2007). During this process, the relationships between knowledge state and the
learners’ behavior should be established and then be represented by the system.
Also, the second visualization targeted to the evaluation of the learners’ progress or
difficulty by presenting the graphs, tables or dashboards (Mejia et al. 2017) and this
will make the learners’ progress explicit (Fig. 12.4). During this process, there should
be a data analysis framework which could give a diagnosis of the learners’ problems
and capacity. All these visualization technologies are based on the data mining and
analysis model. If used properly, it will be a great promotion for curriculum design
and development.

12.2.5 Social Knowledge Network (SKN)

Learning is not just to deliver information to learners. It is a social process involving
both knowledge and person. Knowledge and person are all nodes in the learning
space. To learn is to establish connections among these nodes (Goldie 2016). If a
learner could construct a more complex and higher level relation network which
contains different level knowledge and person, it means that the learner may have



12 Learning Cell: Intelligent Technologies and Resources … 205

Fig. 12.5 Social Knowledge Network (SKN)

engaged deeper in learning. So the network of person and knowledge is a repre-
sentation of the learners’ learning process. Also, the network could help the learner
expand his/her learning by interacting deeper through the network and connecting
more nodes. The network is defined as Social Knowledge Network (SKN). In cur-
riculum design and development, SKN could be used to provide adaptive services for
different learners (Duan et al. 2019). On the one hand, the service could provide the
learners with specific knowledge and resource. On the other hand, when the learner
has something difficult to solve, the service could provide access to experts or peers
for knowledge improvement (Fig. 12.5).

12.2.6 Educational Data Mining and Analysis

Educational data mining and analysis plays an important role as the engine in cur-
riculum development. Educational data is usually complex and it could reflect the
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Fig. 12.6 Educational data mining and analysis

nature or rules of education (EIAtia et al. 2016). For example, by collecting and ana-
lyzing learners’ behavior and performance in class or out of class, the system could
establish the norm of learners in different dimensions, such as knowledge, literacy
and capacity. Furthermore, by comparing with the norm, the system could discover
specific learner’s learning problem by collecting his/her learning data and analyzing
his/her learning pattern. This process could be of great help for learners to find their
potential problems and promote their learning. Finally, it would improve the learners’
learning efficiency. So in curriculum design, data mining and analysis module could
be an essential part both in finding the learning demands and diagnosing learning
problems (Costa et al. 2017). The main process for data mining and analysis is as
follows: establish data mining rules and required data set, data linking which could
link the learners’ needs and the data in database, data mining by designed algorithm,
data cleaning, data analysis and decision making or recommendation (Fig. 12.6).

12.2.7 Natural Language Processing

Natural language processing is a method which helps to explain what the human is
communicating with the computer. It contains several processing parts: grammatical
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analysis, semantic analysis and linguistic understanding. These processes are based
on some basic works such as: Markov models, probabilistic grammars, supervised
and unsupervised classification and the vector-space model (Manning 1999). After
these processes, the computer could understand what the human communicated and
accordingly search for relative resource or services for the human. In curriculum
design and development, as the learners’ needs could arise at anytime and anywhere,
it is necessary for the computer to master knowledge of what the learners really need.
The main task in curriculum design and development is to analyze the learner’s real
requirements using semantic analysis. The process includes: extract the learners’
natural language, word segmentation, linguistic understanding based on semantic
reasoning or similarity computing and output. One example of this is the AI tutor
(Fig. 12.7).

12.3 Design and Development of Curriculum Based
on Intelligent Technologies

In this chapter, we mainly introduce the design and development process of cur-
riculum based on the Learning Cell Knowledge Community (Learning Cell). It is
a ubiquitous learning platform and could support online learners’ personalized cur-
riculum generation (Yu et al. 2015; Yang and Yu 2015). Learning Cell contains six
modules: Learning Cell, Knowledge Cluster, Community, Personal Space, Learning
Tools and Knowledge Cloud. Learning Cell represents a dynamically structured-
resource targeting to realize specific learning objective including the content, activity
and evaluation about one topic. Knowledge Cluster is the whole curriculum consisted
by a collection of related Learning Cells. Community is where the learners with sim-
ilar interest could communicate about one curriculum while the Personal Space is
where the learner could manage his/her learning. The Knowledge Cloud consists of
a collection of curriculum of similar topics. The Learning Tool contains all tools
or scaffoldings that could help the learners in online learning. In this section, the
components of curriculum in Learning Cell will be introduced in detail how the
curriculum are designed and developed based on intelligent technologies.

12.3.1 Components of Curriculum in Learning Cell

In the Learning Cell Knowledge Community, the curriculum is displayed with the
form of Knowledge Cluster. In the Knowledge Cluster, there are a list of Learning
Cells of related topic which could make the curriculum a complete sequence. Thus,
the learner could have an overview of the curriculum. Under the support of Knowl-
edge Cluster and Learning Cell, curriculum in Learning Cell Knowledge Community
should contain a collection of Learning Cells and there should be a knowledge graph
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Fig. 12.7 AI tutor

and evaluation for these Learning Cells. In each Learning Cell, the following compo-
nents should be involved: context information, semantic networks, learning objective,
learning content, learning activity, learning tools, evaluation, generative information,
SKN and exhibition (Fig. 12.8). Context information determines the features of the
curriculum such as the physical context, learning style and so on. Semantic network
determines the semantic property of theLearningCell. Learning objective determines
the expected knowledge level of the learner after learning. Learning content, learn-
ing activity and learning tools are the main part of Learning Cell and could support
the learners’ learning. Evaluation is to assess the learners’ performance. Generative
information reflects the information the learners and instructors contribute. SKN
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Fig. 12.8 Components of curriculum in learning cell

contains the related resources and person of the topic. Exhibition is the format the
curriculum is presented to learners on different devices and under different contexts.

12.3.2 Procedures of Curriculum Design and Development
in Learning Cell

This sectionwill introduce how to conduct curriculum design and development based
on the Learning Cell Knowledge Community. The framework for curriculum gen-
eration includes five layers: data storage layer, data processing layer, curriculum
generation layer, service layer and exhibition layer (Fig. 12.9).

Data Storage Layer: Data storage layer is the basis of the curriculum generation
framework and it stores all the data that could be used for analyzing learners’ context,
capacity and curriculum needs. The data includes interactive data, performance data,
knowledge and rule data and curriculum elements data. The interactive data could
be used to determine the learners’ context, learning style and preference. The perfor-
mance data could be used to decide the learners’ knowledge level. The knowledge
and rule data reflect the knowledge graph in specific area and the relations contains
in the knowledge graph. The curriculum element data could provide the components
which is used to generate the curriculum, such as the resource, person, tools and
activities.

Data Processing Layer: Data processing layer could extract the data from the
storage layer and conduct data analysis. The target of this layer is to determine
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Fig. 12.9 Curriculum generation framework

the learners’ contexts and real needs in order to provide them with adaptive cur-
riculum. During the data analysis process, data linking, requirement analysis and
element extraction could be used. Data linking could relate the learners’ interactive
and performance data with specific knowledge. With these links the system could
diagnose the learners’ problem as well as the reason. Requirement analysis could
use the interactive data and performance data to determine what content the learner
need under the current context. During this process educational data mining and
analysis is the most important technology. Moreover, sometimes the system needs to
understand some human interactive language with the help of natural language pro-
cessing (NLP) technology. Also, in order to conduct better decision, neural network
technology could be used. After the requirements are determined, the curriculum
components should be extracted by the element extraction method. The analysis
result and extracted elements are transferred to the curriculum generation layer for
curriculum generation.

Curriculum Generation Layer: This layer is the most important module in
curriculum generation framework. It receives the learners’ needs and elements for
curriculum generation. Then it will analyze the relations of the received elements
based on semantic technology. After this process, all semantically related resources
or curriculum components are aggregated, such as the learning content, learning
activity, evaluation and SKN. After this process, the knowledge organization rules
should be used to determine the sequence of the aggregated components and organize
the components with a learner-friendly form. At last, in order to make the learners’
learning state explicit, knowledge graph and cognitivemap are integrated to represent
the learners’ cognitive level. After these three steps, a curriculum package will be
transferred to the service layer.
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Service Layer: The service layer receives the curriculum package from the gen-
eration layer and then extracts the context information and learner feature from it.
After the contexts and learner feature are determined, this layer could reorganize
the elements and transfer them to the exhibition layer. All the elements should be
adaptive to the specific context and learner.

Exhibition Layer: The exhibition layer will first detect the device and visualize
the received elements based on the device and context. This layer is the core part for
the generated curriculum to realize multi-format exhibition. Visualization technolo-
gies are used to guarantee the friendliness of the curriculum that is exported to the
learner.

With the abovefive layers, theLearningCellKnowledgeCommunity could realize
curriculum design and development automatically. The procedure is as follows:

(1) Detect the learners’ learning context and analyze their history data. During
analysis, NLP and neural network are used to determine the learner’s context,
learning style and other features which are helpful for personalized curriculum
development.

(2) According to the features and needs, the Learning Cell Knowledge Commu-
nity should collect elements from the data set for curriculum packaging and
reorganizing.

(3) Using semantic technologies, sequence computing technologies and cognitive
state computing technologies to organize extracted elements and make them a
well-organized curriculum structure.

(4) Output the packaged curriculum according to the devices and context of the
learners. After this process, the learners could conduct personalized learning and
give feedback to the generated curriculum. These feedbacks would be helpful
for further curriculum design and development.

12.4 Conclusion

Curriculum design and development are quite important for online learning, and pro-
viding personalized curriculum is the main assignment for educational researchers.
However, with the increase of learners’ needs, it is difficult for experts to provide
personalized curriculum for all. This requires the development of a method for auto-
matic curriculum design and development. This chapter provided the initial view of
the method for automatic curriculum design and development.

Recently emerging technologies provide the possibility and support for automatic
curriculum design and development including neural network, knowledge graph or
semantic technologies, cognitive map for learners, visualization technologies, SKN,
educational data mining and analysis, and natural language processing. On the one
hand, these technologies could collect data which reflect the learners’ whole learning
process, and data analysis could be conducted for learners based on the collected data.
On theother hand, the learners’ learningprocess and learning state couldbevisualized
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and this is quite important for regulating and evaluating the learners’ performance.
Moreover, fromwhat have been analyzed, the online systemcould design and develop
adaptive curriculum which could be adaptive for different learners based on the rules
and relations established by the semantic technologies. This is the whole process of
automatic curriculum design and development in Learning Cell.

In the future, in order to make this method more effective, an adaptive learning
system should be provided to support learners’ learning. During this process, higher-
efficient algorithm and rules should be designed. Also, more complete knowledge
graph should be developed to support curriculum development.

Glossary of Terms

Learning Cell learning resource with collections of content items, activity items,
service items and their semantic descriptions based on a single learning objective.

Neural Network a network composed of several layers which contain many nodes
and edges with parameters and hyper-parameters. This network could realize
complex computing.

Knowledge Graph a graph composed of nodes and edges in which the nodes repre-
sent concepts in specific area. The edges represent the relations between different
concepts.

Cognitive Map a graph composed of nodes and edges. It is similar to the knowledge
graph. The main difference between them is that the cognitive map reflects
different learners’ learning state. So each nodes represent the concept as well
as the state of the concept and the edge represent the logical relations among
different nodes such as A is prior to B.

KNS Knowledgenetwork for social services (KNS) is a network composedof person
and knowledge. With this network the learners could find related person and
resources easily and thus promote their learning.
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Chapter 13
The Holographic Academic: Rethinking
Telepresence in Higher Education

Dominic Pates

Abstract Using holographic projection technologies at an event titled ‘Women in
Tech’, Imperial CollegeBusiness School launched inNovember 2018what it claimed
to be the ‘world’s first holographic event at a university’. This form of teaching via
telepresence has the potential for a significant disruption of the lecture format and
also raises profound questions around the pedagogy of giving lectures in this way.
This chapter asks some of those questions as well as attempting possible answers
to them and is therefore intended as a set of practical considerations for teachers,
technologists, and policy makers that might wish to investigate holographic delivery
for their own institutions.

Keywords Education 4.0 · Haptics · Holographic · Holography · Holograms ·
Mixed Reality · Telepresence · Blended synchronous learning · SAMR model ·
Web conferencing ·Webinars · Imperial College · Distance learning

13.1 Introduction: Imperilled Princesses and Resurrected
Rappers

The old man told his younger companion a tale of the near extinction of an ancient
order of knights, and described a ubiquitous power once channelled by those knights,
known as The Force. He ambled over to a nearby robot and pressed a button on the top
of the metallic device. A holographic message then appeared in the room, displaying
an imperilled Princess that had a message to pass on to the old man about the dangers
she was under.

Help me, Obi-Wan Kenobi. You’re my only hope. (Princess Leia, in ‘Star Wars: Episode
IV—A New Hope’, 1977)

Once delivered, the message flickered out with a white noise flourish. Information
imparted, the R2 droid unit that Leia had entrusted to deliver her message shut off
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its laser beam and the faraway Princess disappeared. Although the older Obi-Wan
had been introducing the young Luke Skywalker to the ways of The Force prior
to playing the message, Skywalker’s thoughts, no doubt, turned instead to ones of
rescuing princesses.

While projecting a holographic image without the required physical plates was
technically impossible at the time of 1970s cinema (Johnston 2011) and the likes
of Leia holographic rescue plea might have set unrealistically high expectations of
the capabilities of holography (Holography 2019), this cinematic moment was nev-
ertheless pivotal for a new generation to conceive of the potential of holograms.
The seeming use of live holograms of actual people has become noticeable in recent
times. British model Kate Moss made a ‘ghostly’ holographic appearance as the
finale to Alexander McQueen’s 2006 Paris fashion show (Williams 2015). Dead
rapper Tupac Shakur was brought ‘back to life’ to appear alongside Snoop Dogg
at the 2012 Coachella Valley Music and Arts Festival (Holography 2019). In the
same year as Tupac’s resurrection, Indian Prime Minister Narendra Modi simul-
taneously addressed voters at campaign events across several different locations,
using holographic technologies to broadcast the recorded speeches via a satellite
link (Kalansooriya et al. 2015).

Describing these 3Dmoving images of people as holograms is not strictly speaking
accurate. They are often an example of or comparable to the deployment of ‘an old
conjuror’s trick’ (Johnston 2011) commonly known as the Pepper’s Ghost illusion.
This has traditionally involved the utilisation of a hidden offset mirror to reflect an
image seemingly in real space, while many of the modern variants are created via
rear projection onto semi-transparent screens (Holography 2019). The technologies
and techniques used to produce such illusions have been referred to as fauxlography
(Gordon 2017), given that they are not ‘actual recordings of interference patterns’.
They are nevertheless often commonly referred to as holograms, despite technically
being imposters within the medium.

Four decades on from Leia’s holographic plea, London’s Imperial College Busi-
ness School launched an event in November 2018 that it claimed to be the ‘world’s
first holographic event at a university’ (IB Women in Tech 2018). The technology
used in this initiative, provided by a company called ARHT Media, connected guest
speakers based in video studios in other global locations—in this case, Los Angeles
and New York—with students seated in an Imperial lecture theatre in London. The
speakers appeared in real-time, as life-sized 3D holographic entities, with interac-
tion possible between both audience and speaker. This takes today’s appearance of a
remote guest speaker in a live lecture or seminar as typically conducted using standard
consumer web conferencing tools to a different level, and arguably closer towards the
realm of Arthur C. Clarke’s renowned adage that “any sufficiently advanced tech-
nology is indistinguishable from magic” (2018). It also raises profound questions
for the pedagogy of giving lectures in the not-too-distant future and could serve to
significantly disrupt an educational format that has remained relatively unchanged
for hundreds of years.

This chapter investigates the notion of holographic lecturing. It looks at con-
siderations of live teaching at a distance via telepresence tools, the wider uses of
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holography in education, and the potential implications for the curriculum, as well
as possible ethical dimensions of this new approach. It attempts to draw out what it
might be like to teach in this way and is thus intended as a set of practical consider-
ations for teachers, technologists, and policy makers who might wish to investigate
holographic delivery for their own institutions. It is also intended as a means to ask
what is hoped are the right questions to be asked of this medium ahead of any pos-
sible wider adoption, in support of whether or not it becomes more widely adopted
in educational contexts, and specifically within the higher educational curriculum.

13.2 Breaking the Lecture Mould

Opening the event (IB Women in Tech 2018), Imperial’s Business School Dean
refers to the technology that they are going to use as ‘not about replacing people,
it’s about enabling a connectivity that is not possible to do without…but in doing
so, that’s possible to do so with a sense of presence’. Following a digital transition
reminiscent of Leia’s white noise departure, the first speaker appears on stage. She
asks the audience whether they can see or hear her, clearly needing a commonplace
affirmation as she steps into a brave new world of futuristic presentational delivery.
She makes reference to the apparent historic nature of the moment throughout her
talk, in an address peppered with a meta-narrative on the use of holography in the
moment. There’s a little audience interaction to start with, as she asks people to
raise their hands on a series of choices, then she delivers her talk. After taking one
question from the audience, she disappears, and the next speaker arrives via the same
transition effect. In another demonstration of the capabilities of this new technology,
the second speaker appears in pre-recorded format. The finale of the event comes
with a panel talk that comprises two live guest speakers and a facilitator flanking
either side of the stage in London, with two other guests that take centre stage, live
from New York.

With more complexity in a mixed panel setup comes a little more uncertainty,
at least at first. The first guest asks the audience ‘Can you hear us OK?’, then
states ‘We’ll get through it. We’re holograms. It’s really cool’. Most of the panel
discussion flows smoothly, to the extent that it is easy to forget that not all speakers are
physically present in the same place. As with the first speaker, the panel incorporates
a holography meta-narrative, laughing about the layout of the panel and the ability
to see everyone. Natural body language is typically replicated throughout the panel
session, although there is a moment where the speakers in New York are being
addressed by one of the ones on the London stage, on screen, they are looking in the
opposite direction. There’s space again for a question from the audience at the end,
and the audience member is encouraged to stand up so that the remote speakers can
see them, who wave in response.

From an educational perspective, this event points the way to a few probabilities
and raises questions too. The technology itself takes a video image of a speaker
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standing on a platform in a capture room and sends it over the Internet to be back-
projected onto the gossamer screen positioned on the audience’s stage. Given both
the novelty of this technology and the unique nature of the format, it is possible to
conclude from this performance that reference to the technology, or specifically to
holograms, is likely to be a feature of future educational uses of it. This can have
the effect of both distracting from the main purpose of the gathering of people in the
particular context and of highlighting the affordances of the technology, thus making
it more apparent what it has made possible.

Despite the seamlessness of the experience and the novelty of the event, there
were some clear differences that distinguished the speakers. During the panel, it
was easier to make a comparison between remote and present speakers, given that
they were literally lined up next to each other. The remote speakers had a certain
2D quality when lined up next to the 3D live speakers. While there was a good
audio balance between speaker microphones, there were moments when there were
noticeable differences in volume between remote and present speakers. This must
be challenging for a sound engineer to get right, as they will typically tend to work
with balancing a mix of audio inputs fromwithin their proximity rather than between
different locations. An equitable mix between both speaker types will be an integral
part of maintaining the illusion.

How an audience member’s voice is picked up when asking a spoken question is
an important consideration for maintaining a sense of seamlessness at events such as
these, whether one of the presenters is appearing via hologram, is live on stage, or is
elsewhere in the room. Humans in face-to-face contexts, which holographic telepres-
ence aims to simulate, naturally communicate with each other verbally, so enabling
verbal interaction is important here, and difficult to achieve well. The speakers on
the Imperial panel all appeared of comparable or equivalent height (accounting for
actual individual variations within that). Ensuring that relative equivalence of height
is clearly another necessary factor to consider, whether with a single speaker or
a combination of telepresent and physically present speakers. If a hologram looks
too tall or too short to appear as if at natural height, then their impact is further
diminished.

The Imperial event also raised other logistical questions. Both the remote panel
speakers were clearly next to each other in the same space. Could a third speaker be
brought in from a different location?Due to the need for a frame around the projection
screen and the black stage curtain to mask that framing, are such events are always
likely to feel a little dark, and what impact would such a low-lit experience have on
learning? Given that the facilitator did make reference at the end to the lighting, how
an educational event that features holographic telepresence is lit is clearly another
factor that requires consideration. Finally, the screen that the holograms appeared on
felt a little ‘flat’ after a while. How might this technology develop further in future,
as it is further refined? With greater bandwidth and connectivity options, would a
next stage of telepresent guest speaker be recreated live, with lasers?
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13.3 Holography and Education

Let us next paint a slightly wider picture and establish a little more background to
the medium, before we go any further. A hologram is, essentially, a photographic-
like recording of a light field that depicts a three-dimensional image of the recorded
subject and which does not require any specialist optical equipment to be viewed.
Holography records the light waves that are diffracted from that subject (Tahara
et al. 2018) in order to make holograms. It can be understood via a comparison to
photography, despite being a different process (Exon 2010). Where photography
records the intensity of light waves that reflect off an object, holography captures
both the intensity and the direction of light, and this gives a hologram the spatial
quality that is missing from a photograph.

In 1971, Hungarian-British physicist Dennis Gabor was awarded the Nobel Prize
for Physics ‘for his invention and development of the holographic method’ (The
Nobel Prize in Physics 1971 n.d.) which emerged from his attempts to improve the
imaging qualities of early electron microscopes. Gabor coined the term hologram
to mean whole drawing, taking its etymology from Greek roots (Johnston 2011).
Although often considered as the originator of the hologram, his work naturally built
on prior explorations in other fields, including Lippmann’s investigations into colour
photography in the 1890s, Zernike’s work in phase-contrast microscopy, and several
studies undertaken in the 1940s into optics (Johnston 2011). In an ironic twist for the
inspiration of this chapter, Gabor himself joined London’s Imperial College in 1948
and now has a hall of residence in South Kensington named in his honour (Gabor
Hall n.d.).

Holography stepped out of science and into the arts during the late 1960s, when a
handful of artists in theUS,UKand elsewhere began to explore the aesthetic potential
of the form (Johnston 2011), and exhibited their works in public galleries. By the
1980s, low-quality holograms could be easily mass-produced, and found their way
into a wide variety of uses, including on record and book covers, on packaging, and
as anticounterfeiting devices (Johnston 2011), such of those commonly found on
credit cards.

Today, digital holography allows for recorded object wavefronts to be recon-
structed using a computer (Tahara et al. 2018), taking the form into the present
day. Microsoft (Microsoft HoloLens n.d.) uses the term mixed reality to identify the
HoloLens, which it describes as a ‘self-contained holographic computer, enabling
you to…interact with holograms in the world around you’. TheHoloLens is an unteth-
ered, head-mounted display that overlays digital holographic content over a user’s
perceptions of real-world images and also accounts for a user’s movement within a
physical space, adjusting the virtual holographic image accordingly (Leonard and
Fitzgerald 2018). As the user has to wear specialist equipment to view HoloLens
content, it could arguably be bracketed with Pepper’s Ghost technologies as another
example of fauxlography, given that the HoloLens is clearly quite distinct from
classical holograms. With the profusion of uses of the term, however, perhaps it is
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appropriate to accept that holograms are used as much a concept that tend to have
distinct characteristics rather than just strictly speaking being a fixed medium, pre-
served in Gaborian aspic. Some researchers (Plesniak and Pappu n.d.; Page 2013)
have attempted to combine haptics and holography. Page considered medical and
surgical training as one use for his haptic holograms, suggesting that the importance
of touch as a sensory experience means that its inclusion in the holographic expe-
rience might go some way to address the general criticism of holograms as static,
non-interactive objects.

Haptic holography for training surgeons leads us on to consider the use of holo-
grams in education. Unsurprisingly, literature on the use of holograms as an educa-
tional technology or for enhancing the learning experience is seemingly very limited.
Schooled, perhaps, in the potential of them as depicted in Leia’s plea to Obi-Wan or
in the immersive environments of the Star Trek holodeck, many writers look to the
possibilities that they imagine holographic technologies can bring to their particular
context, rather than describing any actual deployments. These imaginings seem to
fall into two broad categories—the perceived impact that holography can have on
distance learning, and a rather more nebulous form of ‘virtual academic’, represented
in holographic form.

Jefferson andMoore (1990) pointed out that distance-education systems typically
work with one or two sense modalities. They envisaged that holographic features
would, sooner or later, start becoming incorporated into visual presentations, thus
enhancing at least one of the sensemodalities.Norman andScadden (2004) envisaged
a virtual holographic tutor ‘packed with loads of AI’ that could cater to individual
students’ learning needs. Portugal (2006) anticipated a future for distance learning
where virtual holographic individuals would be pre-programmed for answering stu-
dent questions, delivering lecture material, and anticipating other student inquiries.
Eaton et al. (2008) saw dental education happening via holographic videoconferenc-
ing in environments similar to Second Life. Raj and Al-Alawneh (2010) imagined
newer models of online learning that might appear to supplant the perceived inad-
equacies of text-based, asynchronous distance learning courses that combined rich
Internet applications with holographic projection systems, and which might help
to change perceptions of online learning impacted by the absence of direct, face-
to-face communication. Gregory et al. (2013) anticipated the evolution of virtual
worlds, where holographic projections would come off the computer screen and
provide greater dimensions to the learning experience.

All of the above looked to possible futureswhere holographymight be deployed in
support of learning and teaching. Kalansooriya et al. (2015) took these speculations
a step further and asked field experts to assess how applicable 3D holographic tech-
nologies could be used as enhanced tools for supporting distance learning. Leonard
and Fitzgerald (2018) co-facilitated an actual trial use of Microsoft’s HoloLens in an
Australian secondary school. These two studies give us slightlymore than speculation
in terms of teacher or learner perspectives.

Kalansooriya et al. (2015) reached out to university academics and IT profes-
sionals, asking them to consider teaching environment factors that might impact on
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the learning experience, and barriers and difficulties to implementing a hologram-
based classroom. The environmental factors they listed included interactive teaching
methods, effective communication, and diversity in methods of presentation. The
major barriers included lack of and initial high cost of infrastructure, limitations in
bandwidth, and reluctance to adopt new technologies. All the subjects of their study
shared the idea that holographic technologies would be a considerable improve-
ment on video-based tools for supporting distance education, but there were no clear
conclusions drawn about either cost-effectiveness or student involvement in such a
classroom. The academics interviewed seemed to consider holograms as more likely
a novelty than a core tool with real-world applications.

Leonard and Fitzgerald (2018) collaborated on some design workshops with an
app publishing company, then trialed these initial designs in various subjects, includ-
ing chemistry, physics, music and health. Their research showed that the technology
was seen as broadly engaging, that teachers could see great potential, but that there
were inevitable implementation issues. However, they were surprised by their con-
clusions, which found that the teachers and students involved seemed to consider
this new technology as applicable only within existing teaching and learning prac-
tices. This had the effect of restricting the capacity to consider the newways of doing
teaching and learning that were afforded by the tool, particularly aroundmobility and
sensory-motor engagement with the real world. It also suggested that under the con-
text of current practice-based transformation frameworks such as the SAMR model
(Substitution, Augmentation, Modification, Redefinition), innovative technologies
such as the HoloLens do not in themselves automatically lead to redefinitions of
classrooms practices. Their investigation concluded with asking how learning design
and research could support teachers and students to engage more deeply with a tool
such as the HoloLens, in order to support an educational focus that went beyond
merely meeting pre-defined learning outcomes.

13.4 Teaching from Elsewhere

In an early conversation I hadwith an academic at City, University of London (City), I
was asked about bringing an expert guest speaker into a class remotely. She was used
to holding discussions with peers and colleagues in the sector via technologies such
as Skype and wanted to be able to recreate this approach in class with her students.
I considered the cumbersome barriers that I could imagine this would entail, such
as spending class time on cabling, camera angles and students having to step out of
their seats and approach a microphone just to be able to ask a question, and pondered
how these barriers might be sufficiently removed to the extent that it would feel as
if the guest speaker was there in the room. I imagined a future scenario, when the
technology was sufficiently advanced, where holograms could take the place of a
wall-mounted web conferencing system, it would feel as if the guest were actually
in the room, and the final barrier of distance would appear as if fully removed.
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Exon (2010) looked at video conferencing and telepresence as lenses for con-
sidering enhancements to Online Dispute Resolution (ODR) in virtual courtrooms.
She suggested that video conferencing would enable disputants to hear frustration
or concern in tone of voice, or be able to see the body language displayed when an
opposing party begins not to tell the truth, so video conferencing seemed at first glance
to afford the unique qualities that face-to-face dispute resolution can have. However,
there are certain technical limitations that might limit the medium too, and which
are just as relevant for educational contexts. Compression of audio or video signals
that cause delays or disconnections, limited transmission of images, incompatibility
between different conferencing products being able to connect to each other, and
particularly lack of user familiarity with the technology can all impact negatively to
participation in a video conference meeting. Furthermore, and perhaps most impor-
tantly, participants can struggle to develop trust or rapport in such settings, needing
to modify themselves to fit within the video boundaries when they might even feel
uncomfortable looking into a camera to speak at all.

Exon (2010) then referred to telepresence as attempting to overcome some of
these hurdles presented by video conferencing. She identified key features for such a
telepresence conferencing/collaboration system if one is attempting to replicate the
in-person experience as much as is possible. When incorporated into a conferencing
context, features would include elements like immersive or mirrored environments
for participants to feel that they are in the same location, the perceived absence of
the facilitating technology, participants being true-to-life-sized, video, lighting and
acoustics of studio quality, and finessed details like true eye contact and precise skin
tones. The International Society for Presence Research (2000; ISPR) goes further
towards defining telepresence—which it shortens to presence—describing it as

…a psychological state or subjective perception in which even though part or all of an indi-
vidual’s current experience is generated by and/or filtered through human-made technology,
part or all of the individual’s perception fails to accurately acknowledge the role of the
technology in the experience.

ISPR distinguishes between a first-order mediated experience—that which is
mediated by human senses and perceptual processes and a second-order mediated
experience, which is also mediated by human-made technology but is perceived
as a first-order mediated experience. Bringing this back to teaching and learning,
Themeli and Bougia (2016) identified the term tele-proximity through investigating
synchronous video communication as an option within distance education. They
used the term to describe the use of tele-operations to support the need for embodied
human-to-human interaction in online courses, for promoting learning objectives and
improving communication in such contexts, and for bridging transactional distances.
They suggested that greater use of the tele-proximity model could be made by edu-
cators and instructional designers to enrich curricula by adding more synchronous
activities, allowing the flow of group interactions to positively impact on efficiency
and productivity.

Would holography finally remove the barriers between co-located and distant or
would it lead to new barriers between educator and learner? As we have seen in this
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chapter, pseudo-holographic technologies are no longer the stuff of science fiction
that they have been for educational dreamers for decades. They can have a great
impact on learning contexts, and can certainly give the impression of ‘being there’.
We haven’t discussed the ARHT Media infrastructure behind the Imperial event,
however, and the additional skills needed to be on hand in order for such an event to
look as smooth as it does. Neither have we discussed the planning and co-ordination
needed to go into such events.

Holography, then, may both remove barriers in telepresence-facilitated education
and add new ones. There are other considerations to factor in too. Yuen et al. (2011)
looked to beyond the short term of mixed reality-type tools, past merely address-
ing the shortcomings of video conferencing, to potential long-term consequences
for learning, teaching, and the institutions that education happens in. They found
the implications to be profound and seemingly left them with more questions than
answers. If the barriers to poor web conferencing experiences are finally removed,
they suggested, and live distance learning is no longer viewed as less desirable
than face-to-face instruction, does this not, therefore, raise profound questions for
the ongoing viability of bricks and mortar schools and universities? Would market
forces not ultimately lead to an end of the physical classroom in the face of superior
alternatives?

Future forecasting in education is often ridden with hyperbole about the scale of
coming transformations that never quite seen to fully transpire as imagined. Given
that the lecture and tutorial format of higher education, as has been around for
centuries, has proved resistant to change enough to the point of still being here
today in formats that would have been recognisable to the medieval scholars of
yore, I suspect that holography would not be the straw that broke the camel’s back.
According to Leonard and Fitzgerald (2018), higher education will certainly need to
imagine beyond existing formats of delivery, though, if it is to take advantage of the
full affordances of this emerging technology.

13.5 Conclusion: Thinking Ahead

To conclude, we will look ahead with some remaining thoughts and questions on the
use of live holograms in the curriculum.

In an era of transformative change driven by a whole raft of established and
emerging technologies—artificial intelligence, the Internet of Things, robotics, Big
Data—there is, perhaps naturally, talk of the impact that these things will have on
education. Writers refer to Education 4.0 (Feldman 2018; Hussin 2018; Welsh 2018;
What is Education 4.0? 2018) as a means of defining the educational transformations
that they feel will inevitably run in lockstep with the wider socio-economic changes
being wrought as the twenty-first Century moves into its third decade. Following
innovations like the HoloLens and Imperial’s move into holographic lecturing, it
seems reasonable to assume that the technology is now sufficiently advanced for
holography (actual or otherwise) to begin moving out of the imagination and into the
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classroom.Given the pace of developments inmobile technologies andofmobile con-
nectivity, it might not even be too far-fetched to see holography becoming a person-
alised experience, and thus find its way into learner hands too, in the not-too-distant
future. Edholm’s Law Of Bandwidth (Cherry 2004) states that telecommunications
data rates are as predictable as Moore’s Law and increase in capacity equally as
exponentially, widening mobile bandwidth for all. The UK’s first ‘live holographic
call’ has already been demonstrated by Vodafone (Davies 2018) to showcase 5G
connectivity, seemingly within weeks of the accompanying landmark educational
event.

We have already seen through the Imperial example that holography can have a
potentially disruptive impact on the lecture format. In this case, it is now technically
possible to bring a guest speaker into a live lecture from, effectively, anywhere in
the world and make it appear almost as if they are actually there in the room. In the
short term, this could lead to those institutions with sufficient resources being able
to bring top speakers from industry into their business lectures, high ranking lawyers
dropping in on legal education, and the most-renowned surgeons dipping into health
seminars in between operations. While this could make for a tantalising addition to
the student experience, it is equally not too far-fetched to imagine that this could
widen any existing gaps between the more elite institutions and those that are less
well resourced. What then of the impact on the use of casual labour in academia, of
over-reliance on limited contracts than on tenure? If one academic could be easily
and simultaneously ‘beamed’ into several lecture theatres at the same time, could
that not only reduce the number of academics an institution chooses to employ but
actually devalue the physical lecture itself?

Another perspective, going against the grain of the concerns that Yuen et al. (2011)
expressed for the ongoing viability of bricks and mortar institutions, is that bringing
the best guest speakers in from around the world to lectures could be a sure-fire way
to boost the value of the flagging lecture format itself, for those that question its
endurance. After all, if a lecturer could bring a pseudo-live version of actual field
experts into the rooms where their students are already concentrated, and to able to
facilitate interaction between that expert and their learners, surely this would have a
far more profound impact on learning resources and student engagement than better
designed PowerPoint slides and a live quiz with instant feedback at the end? That
factor alone could be a highly tantalising prospect for the very reach and potential of
contemporary higher education. New global networks could emerge where academic
knowledge is pooled for ever-wider audiences, greater opportunities for collaboration
and interdisciplinarity can happen across more borders, higher education can reach
into more remote places, and the wider spread of knowledge can be encouraged
across our information societies.

As Leonard and Fitzgerald (2018) showed, there is every possibility that the
holographic academic would be incorporated into the curriculum, yet there may be
limited progress made towards actually redefining the educational offer itself and
have full advantage taken of the affordances of the technology. This, perhaps, leads
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to a role for educational technologists and developers to continue towork closelywith
their academic colleagues and student bodies in order to support them in imagining
what those new affordances might be, and to help facilitate the means for these
new technologies to be brought into the curriculum in positive ways than genuinely
enhance the educational experience, rather than being just another gimmick or a tool
that ends up as contentious as something like lecture capture has turned out to be
within academia.

In harmony with the principles of the movement around decolonising the curricu-
lum, it is incumbent of any of us advocating for the holographic academic to join the
academy that this new form is more broadly representative of a polyphony of voices
than the increasingly outmoded tone of the stereotypical sage on the stage. If live
digital holography is to avoid seeing with a coded gaze (defined as the ‘embedded
views by those who have the power to code systems’ by Buolamwini in Bermudez-
Silverman 2018), then matters of equity need to be incorporated into trials and pilots
of this emerging technology from the offset. Imperial’s use of their novel platform
to address the issue of gender imbalance in the technology sector is, at least, an
encouraging step in a positive direction.

What does the holographic academic mean for the practices of teaching and learn-
ing? Delivering webinars require finding different ways to engage students in the
learning process when they could so easily become distracted by whatever else might
be happening on their computers or in the environments that they are in and which
the educator is not physically present. In much the same way, for holography as
a means of delivering distance education to be able to move beyond the gimmick,
new pedagogies will need to emerge. Teaching in this way will be different from
just giving a face-to-face presentation. In the case of the tool used by Imperial, the
remote lecturer would see their student audience on a small tilted confidence monitor
in front of them rather than mere feet away in the front row. How to establish rapport
in that context, or respond to difficult questions? How could they compensate for
not being able to move amongst their students in order to monitor progress when
setting a task, support the struggling, or assert authority with disruptive sections of
their class? What will professional bodies or training programmes make of those
who want or even need to teach in this way?

In a lecture theatre, space has been specifically architected around the paradigm
of a single speaker addressing a large group audience that faces them directly, and
who usually speak uninterrupted for a notable length of time. The format is renowned
for the challenge it sets for a static audience to keep themselves engaged over the
duration of the talk, so the lecturer that wishes for an engaged audience might move
around on the stage rather than remain at a fixed point throughout. With holographic
lectures delivered in this way, that would bemuch harder to do, given that the speaker
has to staywithin the pickup field of the video camera in order to remain on the screen
at the other end, equivalent to a fixed podium in an actual lecture theatre. The panel
speakers at the Imperial event instinctively wanted to use certain conventions of body
language to communicate with their panel peers as if they were co-present, such as
looking at each other or holding outstretched palms in the direction of another person
to indicate a turn to speak.Given the particular nature of this format,where interaction
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between speaker and audience or speaker and other speakers is a key distinguishing
factor from an audience merely watching a video recording, would new conventions
or literacies around interpersonal communication need to emergence for adoption of
this holographic format to take hold?

For students, holographic academics might give them access to the world’s best
or most knowledgeable, but after the magic has disappeared in an animated flourish,
those with the lingering questions may no longer have the chance to approach the
lectern at the end of the session and ask the burning question they were too shy
to ask while all their peers were watching. Conversely, such features in lectures
could see significant upturns in overall attendance. Most British universities have
student cohorts that are made up of a blend of domestic/European Economic Area
students with international students from a multiplicity of other different countries.
How readily would lectures being delivered via hologram be accepted across such
diverse bodies? One final unrelated study gives us a possible clue.

Yokoyama et al. (2004) compared the differing reactions that Japanese and Swiss
children had to ownership of robot pets. The Japanese children, who had all grown
up in highly technologised societies where fictional robots were often a feature of the
prevailing culture, were found to bond quickly with their robot companions but grew
disaffected with them just as rapidly. The Swiss children had grown up in far less
technologised societies and had had much less general exposure to robot characters
within their culture, were initially quite reluctant to make any evident connections
with their own robots. They did, however, become more used to them over time and
ultimately formed stronger bonds with these mechanical creatures.

While robot pets and holographic academics are self-evidently worlds apart, per-
haps this study acts as a cautionary tale, all the same, suggesting that some students
will take to these new kinds of lecturers very quickly but soon drift their attention
elsewhere, whereas others will struggle at first with this new paradigm, but ultimately
gain something meaningful from the experience. As with any sufficiently advanced
new technology, there are no easy answers. To paraphrase Princess Leia, we may
well need to ask the holographic academic for their help, but to also ensure that they
are not our only hope.

Glossary of Terms

5G The fifth generation of mobile phone network technology, providing broadband
access

AI Artificial Intelligence
Bandwidth The maximum rate of data transfer across a communications channel
Capture room A facility that includes a stage or platform technical equipment for

recording a relaying a digital image of the presenter on the stage, and video
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monitor(s) placed in front of the stage to relay images of the remote audience to
the presenter

Confidence monitor Screen that carries content such as the text of a presentation
(or in the ARHT Media example, a video feed of a remote audience) that is
traditionally meant as a tool to support presenters and make them appear as if
they are looking directly at the audience when speaking

Diffracted In the context of light, description of light waves that have become bent
or broken up

Digital transition Amultimedia device to indicate a move from one piece of digital
content to another

Disputants A person in a legal case that disputes a charge levelled against them
Education 4.0 Label given to the potential application of ‘fourth industrial rev-

olution’ technologies (AI, robotics, big data, Internet of Things, etc) to
education

Fauxlography The practice of creating artefacts that appear holographic, but which
are not created using traditional methods

Haptic holograms A type of hologram that can convey the impression of tactility,
or appear as if they can be touched

Haptics The use of a sense of touch for interacting with digital objects
Holodeck Afictional plot device from the television series Star Trek that presented a

staging environmentwhere various virtual reality environments couldbe engaged
with by participants

Holographic lecturing The act of delivering a lecture via holographic-like delivery
tools

Holographic telepresence A form of telepresence driven by holographic-type
technologies

Holography The science and practice of making holograms
Light waves The means by which light travels
Meta-narrative A wider narrative related to a general context, as opposed to the

specific details of themain narrative itself; an overarching storyline that provides
broader meaning

Microsoft HoloLens A mixed/augmented reality head-mounted display developed
and manufactured by Microsoft

Mixed reality A hybridised form of reality that merges both real and virtual worlds,
typically via immersive technology

Moore’s Law The observation of a historical trend, named after Intel co-founder
Gordon Moore, that the number of transistors in integrated circuits doubles
roughly every two years, thus driving significant advancements in digital
electronics

Online Dispute Resolution (ODR) A form of dispute resolution where the resolu-
tion of disputes between parties is facilitated via digital technologies

Polyphony A type of musical texture where aspects of a composition are combined
to shape the work’s overall sound and quality

Recorded object wavefronts The stored manifestation of the distribution of light
waves
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Remote speakers Event speakers, such as university guest lecturers, that are
speaking or presenting to a live audience from a remote location

Sage on the stage An educator that imparts knowledge from a platform by lecturing
to an audience; sometimes intended as a derogatory term

SAMR model A model developed by Dr. Ruben Puentedura for integrating tech-
nology into teaching

Sense modalities A means of sensing a stimulus, such as via the visual or auditory
systems

Sensory-motor engagement Engagement with the real world via sensory systems
and physical movement

Virtual courtrooms A courtroom configured solely via internet technologies
Web conferencing An online tool or service for holding live meetings, conferences

or presentations, typically over a TCP/IP connection
Webinars A form of presentation, workshop, lecture or seminar transmitted over

the web via video conferencing software
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Chapter 14
Computational Thinking and Coding
Across Content Areas to Develop Digital
Skills

Valerie Taylor, Rebecca Tilhou and Helen Crompton

Abstract Educational technology skills and practices are becoming increasingly
prominent in schools around theworld as the integration of computer science strands,
such as computational thinking and coding, are being introduced into curricula. Edu-
cational leaders and teachers should integrate computational thinking and digital
skills into activities in all disciplines spanning grades K-12. Students who learn cod-
ing and computational thinking skills are better equipped to apply problem-solving
skills to analyzing data, recognize patterns, and make connections between what
they already know and the problems they face. This chapter supports practitioners,
policymakers, researchers and funders by examining the definitions of computational
thinking and coding and their relationship to project-based and inquiry-based learn-
ing, as well as the ways in which computational thinking and coding are currently
employed across the content areas. Concrete resources are provided as support for
educators of all ages and disciplines looking to incorporate coding and computational
thinking skills into their lesson plans.

Keywords Coding · Computational thinking · Computer science ·
Decomposition · Problem-based learning

14.1 Introduction

Educational technology skills and practices are becoming increasingly prominent
in primary and secondary schools worldwide as computer science standards, such
as computational thinking and coding, are being integrated into curricula (García-
Peñalvo et al. 2016). Countries such as England and Finland have policies for com-
puter science integration already in place (Williams 2017). The United Kingdom,
for example, now requires every student learn to code beginning at age five. By the
age of 11 years old, students need to be able to demonstrate knowledge of at least
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two programming languages (Vickory 2016). Similarly, in the United States, gov-
ernment leaders in various states are signing legislation making computer science a
core academic requirement for all grades. As the demand grows for computational
thinking as a twenty-first century skill, educators need to be prepared to incorporate
computer science standards into their daily teaching.

The goal of computer science education is to build a detailed understanding of the
study of computers and how they work, algorithmic processes, problem decompo-
sition, and data analysis (Next Generation Science Standards 2018; Vickory 2016;
Williams 2017). Integral components of computer science curricula also include
hardware and software designs, applications, and the impact computer science has on
society in the twenty-first century (Virginia Department of Education 2018; Vickory
2016).

There is increased pressure for educators to integrate digital skills and computer
science strands into school curricula to help themunderstand the tools needed to thrive
in the digital world. Thewidely-adopted CommonCore Standards (CCSSI 2019) and
Next Generation Science Standards (2018) emphasize technology through creative
integration and performance tasks. As a result, classroom teachers are being tasked
with understanding newly introduced computer science standards while facing the
challenge of strategically integrating computational thinking and coding into K-12
settings (Williams 2017). For many educators, this is an area that they feel under-
prepared to incorporate in meaningful ways. This chapter supports practitioners,
policymakers, researchers and funders by examining (a) the definitions of computa-
tional thinking and coding and their relationship to project-based and inquiry-based
learning, (b) how computational thinking and coding is currently employed across
the content areas, and (c) resources available to help teachers and students better
understand coding and computational thinking skills.

14.2 Digital Skills

Digital skills, such as learning to code and computational thinking, contribute to
the learning processes and construction of knowledge in today’s students (Kolb
2017). These skills promote students’ ability to develop solutions to situations in
their daily lives while fostering competence for collaboration with and without tech-
nology (García-Peñalvo et al. 2016). Classroom teachers may find that computing
and the use of technology to create artifacts can be a fun and creative way to reach
students and teach content across the disciplines (Mishra et al. 2013). Digital tech-
nology changes how readers and writers interact with material, which increases the
need to learn new skills that will enable students to engage with continually evolving
forms of text (Coiro et al. 2008).
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14.2.1 Computational Thinking

Computational thinking is defined as a “thought process involved in formulating
problems and their solutions so that the solutions are represented in a form that can
be effectively carried out by an information-processing agent” (Wing 2006, p. 1).
Computational thinkers solve open-ended problems andmake connectionswith other
content areas through the use of skills such as sequencing and logic (ISTE 2018).
Studentswho engage in computational thinkingmake connections betweenwhat they
already know and the problem they face (Strawhacker et al. 2017). The process of
computational thinking uses computers or other digital tools to formulate and solve
problems through algorithmic thinking—the planning, design, and implementation
of a sequential procedure that will lead to what the algorithm can do (Lockwood et al.
2016). Furthermore, computational thinking organizes, analyzes, and represents data
through abstractions such as models and simulations, and uses efficient and effective
steps to reach goals in a wide variety of situations (CSTA and ISTE 2011).

Students who practice computational thinking learn to reason with creativity and
expression in innovative ways that demonstrate mathematical processes and content
knowledge (ISTE 2018). Indeed, students who are taught computational thinking
are better prepared to keep up with evolving trends seen in the professional world
(Weintrop et al. 2015). Computational thinking is not only essential to the develop-
ment of computer applications, but it can be used across all disciplines. From math
and science to the humanities, computational thinking not only helps students make
connections between disciplines, but also in their daily lives (Gallup Inc. 2016).

14.2.2 Coding

Many schools are redesigning curricula to meet the changing needs of their students
and are focusing on coding as a literacy (Freeman et al. 2017). Coding is defined as:

a list of rules, written in one of numerous programming languages, that instruct a computer
to do what a user wants it to do: perform a sequence of instructions, repeat a sequence
of instructions a prescribed number of times, and test whether a sequence was performed
correctly. (Freeman et al. 2017, p. 11)

In this chapter, the terms coding and programming are used interchangeably, although
coding differs from the broader term of “programming” where one creates things,
develops logic, and analyzes a problem. Writing code is just one aspect of com-
puter programming, but they are often used synonymously among educators (Khillar
2018).

Coding aligns with constructionist and constructivist learning theories. Seymour
Papert’s developmental learning theory of constructionism has influenced the way
educational tools, such as coding, are used today. Constructionism can be applied to
digital environments that allow the child-directed construction of skills and artifacts
(Blikstein 2013). Inquiry-based processes facilitate the creation of artifacts and/or



234 V. Taylor et al.

experiences that build on prior knowledge. Inquiry enhances learning and promotes
cognitive growth, supporting a constructionist approach to education (Kurti et al.
2014; Piaget 2013).When students are able to design their own solutions to real-world
challenges or problems, they feel invested in what they are doing.

The inclusion of coding across the disciplines encourages students to create and
experiment. Pedagogically, this supports Mishra and Koehler’s (2006) Technologi-
cal Pedagogical and Content Knowledge (TPACK) model. The TPACK model aims
to effectively implement technology into students’ learning processes through the
appropriate melding of technology, pedagogy, and content knowledge (Freeman
et al., 2017; Mishra and Koehler 2006). The model’s framework facilitates the cre-
ation of cohesively designed learning activities, where pedagogical strategies, mate-
rials, and software teach content in an innovative and effective way. The integration
of coding is muchmore than plugging a software or application into a lesson, rather it
can be a fundamental component for teaching content at deeper levels (ISTE 2018).

14.3 Computational Thinking in Content Areas

Computational thinking in education helps build problem-solving skills that can be
used in all disciplines (Lockwood and Mooney 2018). With computational thinking,
students develop and understand the practices and attitudes needed to find and under-
stand information for real-world issues (Strawhacker et al. 2017). Computational
ideas should not just be taught in computer science classes (Barr and Stephenson
2011). While STEM education and computer science requirements for K-12 stu-
dents are more easily aligned, integration into all disciplines is essential for learning
valuable twenty-first-century skills (National Science Foundation n.d.). Educators at
every level, from every discipline must have a basic understanding of computational
thinking in order to fully implement pedagogical strategies that teach these skills.

Computational thinking is a fundamental, cross-curricular skill that helps students
develop the tools necessary to formulate and solve a problem (Blikstein 2013; Wing
2006). Computational thinking is the ability to (a) think about a problem or process
in terms of its parts; (b) create steps to solve a problem and confirm its solution fits
the purpose; (c) make a problem seem simpler without losing its complexity; and (d)
apply prior knowledge and experience to new problems in other areas (Curzon et al.
2014). Those who practice and develop the skill can employ computational concepts
and ideas across disciplines and in all aspects of their lives (Brennan et al. 2018).
Computational thinking helps support students’ knowledge of society and the impact
that computing has on it (ISTE 2018) while developing students’ digital literacy
skills, or the ability to find, understand, create, and share content (García-Peñalvo
et al. 2016). Although computational thinking does not always need to involve the
use of digital tools, students who engage in computational thinking develop the skills
needed to work digitally. These skills include gathering and analyzing data needed to
solve problems, which promotes students’ deeper understanding of the world around
them (Weintrop et al. 2015).
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Educatorswanting to add computational thinking practices into their daily instruc-
tion may find that they are already utilizing many of the same strategies that they use
when incorporating problem-based learning (PBL). PBL is one of the most widely-
used instructional methods today. It is a valuable tool that helps students learns the
necessary skills to solve real-life problems (Hmelo-Silver 2004). This pedagogical
approach is effective with a wide range of populations and allows students to develop
self-directed andproblem-solving skills that can be used in an effectivemanner (Hung
et al. 2008). With ties to inquiry-based learning where students develop their own
questions to answer (Wolpert-Gawron 2016), PBL’s student-centered approach poses
important, contextualized, real-world problemswhile providing guidance, resources,
and opportunities for reflection to students. PBL allows students to simultaneously
develop content knowledge and problem-solving skills throughout the process (Hoff-
man and Ritchie 1997, p. 97). Congruent to computational thinking, students who
participate in problem-based pedagogies learn through facilitated problem-solving
that focuses on issues that do not have a definite answer and require set steps to
solve (Hmelo-Silver 2004). Students who engage in computational thinking and PBL
work both individually and collaboratively to identify resources needed to solve
the problem, reflect on what was learned, and effectively communicate solutions
(Hmelo-Silver 2004).

Educators across content areas may be surprised to see that students are already
engaging in computational thinking in many ways. Recent research from the com-
puter science community found that students at every level can engage in computa-
tional thinking across disciplines (Barr and Stephenson 2011; Weintrop et al. 2015).
Core computational thinking concepts and capabilities may be demonstrated in the
classroom as a written outline for a story, the order of operations in a math prob-
lem, a reenactment of a book or historical situation, a simulation of the solar system’s
movement, or a depiction of peoples’migration patterns (Barr and Stephenson 2011).

Likewise, analyzing patterns and developing appropriate steps used to solve prob-
lems, or algorithmic thinking, is an aspect of computational thinking that can be
easily integrated in K-12 classrooms spanning the disciplines (Houseal et al. 2016).
Cross-curricular connections supported by the Next Generation Science Standards,
for example, can be made by looking at the content, unifying themes, and scientific
processes (NGSS 2018). Teachers who embrace this method of thinking, encourage
students in all areas to ask questions, develop models, evaluate information, and find
patterns within information provided. They encourage their students to draw con-
clusions, reflect on the process used, and reiteratively critique and revise their work
(Williams 2017).

Creative thinking and the ability to work in cooperative groups support computa-
tional thinking that can be introduced at an early age in all content areas (DeSchryver
and Yadav 2015; Doleck et al. 2017). Engaging students to be active, social learn-
ers through specific pedagogical practices helps students make positive educational
gains (Kolb 2017). Similarly, co-use or co-engagement with digital tools can be used
in creative, cross-curricular ways (Darling-Hammond et al. 2008). Examples include
having students work together to engage in reading and writing practices through
multimodal texts or using Google Docs to collect, assess, and organize data as a
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group. In the same manner, creative thinking may also be used to introduce collab-
orative problem-solving in classroom coding environments or networking systems
(Doleck et al. 2017). The process of computational thinking starts before any coding
can occur and should be taught with the same importance as reading and math (ISTE
2018; Wing 2006).

14.4 Coding in the Content Areas

Computer science is not only the exploration of computer design but also how com-
puters can be used to create sequential instructions that direct the computer to do
specific tasks. Computer programming, or coding, is a way to create software, apps,
websites, electronics, and games, and it is used to manage large databases of infor-
mation (Gallup Inc. 2016, p. 12). Educational programming environments make the
teaching of computational thinking practical at every grade level and in every dis-
cipline. For the youngest students, computer science education may simply mean
learning how to use a computer. However, coding at this age may be taught through
easy to use software and graphics (Israel et al. 2015).

Computational thinking is a key element when teaching students to code. Coding
helps students see their computational thinking skills in action and get immedi-
ate feedback (Williams 2017). The addition of coding in the sciences and human-
ities helps students develop problem-solving skills, encourages collaboration, and
engages students through its link to gaming, robotics, and animation. Benefits of
coding include the creation of steps and visual representations, the ability to be cre-
ative without worrying about making mistakes, and collaboration and communica-
tion skills (Williams 2017). This student-centered, PBL approach to learning helps
students connect their thoughts with real-world issues to develop a deeper under-
standing, becoming a driving force behind student success (Freeman et al. 2017; Hu
2011). It is critical that students start coding in elementary grades.

Recent research in the area of computer science education has found that teachers
in every grade level are successfully integrating coding into their daily lessons to help
teach digital skills and discipline-specific content (Strawhacker et al. 2017). Many
consider computer programming an important competence for the development of
higher-order thinking skills in students as young as kindergarten when it is easier
to learn languages since learning to code is similar to learning a language (Fessakis
et al. 2013; García-Peñalvo et al. 2016). The Scratch Jr. programming environment,
for example, is used in primary classrooms across the United States in several ways.
Teachers may use Scratch Jr “Solve It” assessments to identify student understanding
about programming using basic coding skills outlined in computer science standards
(Strawhacker et al. 2017). Other teachers may use Scratch, Scratch Jr. or other visual
block programming languages to teach spelling patterns or the life cycle of a plant
using algorithms (Williams 2017).

Students who engaged in coding and computer programming benefit from being
able to put their thoughts down, see the results in real time, and reflect on the outcomes
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to make improvements (Fessakis et al. 2013; Williams 2017). The implementation
of whole-group coding activities on an interactive white board (IWB) can be used
to facilitate the development of algorithmic reasoning and problem-solving skills in
students as young as kindergarten (Fessakis et al. 2013). These activities teach neces-
sary communication, collaboration, and digital skills, aswell as specific content skills
(Fessakis et al. 2013). In addition, students who continually see and hear teacher’s
model computational thinking and coding language are better able to understand and
make applications to different areas (Hunsaker n.d.).

The cross-curricular integration of coding in all grades through appropriately
designed learning activities, pedagogical strategies, materials, and software is an
effective way to teach content (Strawhacker et al. 2017; Williams 2017). In fact, the
inclusion of coding in English language arts middle school classrooms has proven to
be a successful (Barr and Stephenson 2011). Studies have been conducted looking
for the overlap between programming and writing/storytelling with middle school
students to help expand literacies across the curricula (Burke 2012). The focus of one
such study was to set up an environment where the traditional Writer’s Workshop
model was used in conjunction with coding using Scratch programming to teach a
digital composition. Using existing language arts content and pedagogy, computer
sciencewas integrated to facilitate the productionof students’writing at every stage of
composition (prewriting to publishing). Results showed that the addition of coding to
existing standards and pedagogy created an effective framework for teaching digital
composition, as well as a connection between the processes of coding and writing
(Burke 2012).

14.5 Practical Ideas for the K-12 Classroom

Student understanding of technology should go deeper than basic skills such as typ-
ing and exploring websites. Students need to understand digital environments and
how to create and share content with others. They must develop the knowledge
needed to gather data and recognize and analyze patterns in order to be success-
ful in the future (Freeman et al. 2017). Instructional benefits for students who have
had exposure to computer science programs include building high-order thinking
skills and experience, increased collaboration, and positive attitudes about computer
science. Computer science programs also help students understand how to apply
mathematical concepts to solve real-world problems (Israel et al. 2015). The integra-
tion of technology and digital skills, however, must be strategic, taking into account
the interconnected system of teaching and learning. Teacher training, access, and
technical support are essential components for effective integration of technology
(Crompton 2017).

With formal training and technical support not always readily available, there are
user-friendly resources that teachers can access independently, many of which are
free of cost. These resources, such as Scratch, promote the idea that all students
should have the opportunity to learn coding and provide information and lessons
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Fig. 14.1 Scratch programming “Getting Started” basic programming screen

to both teachers and students (Brennan et al. 2018). Scratch is an online program-
ming environment launched in 2007 that helps students learns basic programming
concepts. This program is unique because it allows users to share their own digital
media through commands of block code stacked together to create coding scripts
(Burke 2012). Students as young as elementary school may use Scratch program-
ming to learn skills associated with understanding patterns and algorithms (Lye and
Koh 2018). Scratch not only helps students understand concepts that can be trans-
ferred from one discipline to another, but may also help teachers identify the best
ways to plan lessons on programming and coding (Fig. 14.1).

In conjunctionwithScratch,CreativeComputing applies a computational thinking
framework utilizing the Scratch online programming environment. Creative Com-
puting was developed by educators at Harvard University to help foster student com-
putational thinking and coding skills (Computational Thinking with Scratch n.d.).
Educators wishing to expand student knowledge and engagement with coding are
even able to start a program for students outside of the classroom. This resource is
free to download and can be used in K-12 settings.

Educators interested in learning more about computational thinking and cod-
ing may also explore free, user-friendly websites for information. One such site is
Code.org, a nonprofit industry in the United States that works to teach computer
science skills to K-12 students and educators with a focus on providing free lessons
and resources to underrepresented populations. Code.org was founded on the belief
that everyone can and should learn to code. Educator training and student resources
are provided digitally on their website in over 50 languages and in person at different
locations around the world. Another free coding resources is Club Code Interna-
tional (2018). This resource for educators of nine to 13-year-olds provides resources,
project ideas, and online training for those willing to join. This resource has more
than 12,000 active clubs and can be used to foster collaboration and creativity with
peers around the globe.
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Resources also include tutorials for teachers, such as with “Computational Think-
ing for Educators” (CTE). This user-friendly course is broken down into five units
including Exploring Algorithms and Finding Patterns. CTE aims to help educators
gain a better understanding of computational thinking and offers ways to integrate
digital skills into their lessons. The program is self-paced and geared toward edu-
cators in a content area (CTE n.d.). Those who feel ready to integrate these skills
into their curriculum but are not sure where to begin may also consult sites such as
CAS Barefoot’s Computational Thinking page, Wonder Workshop’s Code to Learn
Lesson Library, and ISTE’s CT Vocabulary and Progression Chart for lesson plan
ideas broken down by age, grade level, and discipline (Hunsaker n.d.). Each of these
resources is specially geared to assist teachers with successful implementation of
computational thinking and coding in their K-12 classrooms.

14.6 Conclusion

Students worldwide are studying the components of coding and computational think-
ing as schools are increasingly including elements of computer science into the
curricula. The International Society for Technology in Education (ISTE) (2018)
explains:

Coding goes beyond websites and software—it’s an essential component in finding solutions
to everyday problems. Computational thinking has many applications beyond the computer
lab or math class—it teaches reasoning, creativity and expression, and is an innovative way
to demonstrate content knowledge and see mathematical processes in action.

Students who learn coding and computational thinking develop the understanding
that there are multiple ways to solve problems and there is flexibility in answers and
solutions. Educational leaders and teachers should integrate computational thinking
skills and digital tools into activities in all disciplines spanning grades K-12 because
it is cross-disciplinary in nature (Deschryver and Yadav 2015).

All subjects at this level blend together in one learning environment conducive to
teaching these critical skills (Hunsaker n.d.). Classroom teachers can engage students
in a multitude of ways that encourage exploration, creativity, collaboration, and
reflection as they work to solve problems and make connections between computing
and their own lives outside of school (Israel et al. 2015). Computational thinking and
coding resources are accessible to every twenty-first-century teacher and learner in
the form of free, web-based classes, frameworks, guides, and activities. This chapter
provides information to support those unfamiliar with computational thinking and/or
coding, and who may lack experience implementing these computer science skills
to teach disciplinary content and digital skills.

As new knowledge and resources contribute to the teaching and learning of edu-
cational technology skills and practices in K-12 education, the next generation of
students will be prepared to be leaders of computational thinking and coding in a
digital age.
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Glossary of Terms

Abstractions The process of ignoring or hiding complicated details that are not
needed to focus on the ones that are needed

Algorithmic thinking The process of getting to a solution through the use of clear,
thought-out steps

Coding The computer language used to develop apps and software; the initial steps
of computer programming

Computational thinking A problem-solving process that encourages learners to
think logically and identify, analyze, and represent data in a manner that can be
applied to a variety of situations

Computer science Technology and the skills and process associated with it and
their impact on society

Constructionism A learning theory that advocates student-centered and discov-
ery learning where the student creates knowledge through play, testing, and
exploration

Problem decomposition The breaking down of complex problems into smaller,
more manageable problems

Problem-based learning A learning method that promotes the use of real-world
problems to teach learning concepts and principles such as critical thinking,
problem-solving, collaboration, and communication

Programming The creation of representations for solutions using a computer
language so that the solution can be carried out by a computer

Inquiry-based learning A form of active learning that triggers curiosity and
problem-solving to create knowledge
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Chapter 15
Augmented Strategies for Mobile
and Ubiquitous Learning Technologies

Abdelwahed Elsafi

Abstract Today’s students are growing up in aworldwhere technologies are becom-
ing a natural part of their life. Continuing advances in emerging technologies such
as mobile devices, give students more control to access digital learning contents
and sharing knowledge. A mobile device such as smartphones is considered a great
tool to be used for learning, it provides learners a new opportunity for interaction
with peers, teachers, and tutors, and improve learning environments for more cre-
ativity and engagements. Additionally, wireless learning devices can be used to help
students learn and develop twenty-first-century skills (e.g., critical thinking, collabo-
ration, communication, social skills, and leadership, etc.). Each one of these reported
skills has always been necessary to be acquired for helping students to keep up with
unprecedented global changes to enable them to participate actively in a rapidly
changing society. However, the integration of mobile devices into the learning pro-
cess is becoming more important than ever. On the other hand, the growing rapid
globalized changing conditions have made a huge paradigm shift in school systems
face-to-face classroom to more convenient and seamless learning, where learning
could be accessible at any time and anywhere. Thus, school systems globally have
additional burdens that require them to work under increasing pressure for preparing
the younger generation to become active and contribute better in their future careers.
In particular, school’s responsibility is to work for cultivating desired skills which
enable students to succeed and sustaining success in modern work environments
as well as overcoming challenges that expected to encounter in digital societies.
These changing conditions have been encouraged researchers to investigate effec-
tive learning strategies to leverage ubiquitous and mobile technologies for increasing
student’s motivation and promote their levels of attention and engagement. More-
over, precisely researchers have focused to examine the impact of implementing
strategies supplemented with technology tools in scenario-based learning environ-
ment on students learning and performance, which is embedded multiple stages
including guidance, technique and train students to perform learning activities under
specific environmental conditions. The aim of this chapter is to discuss effective
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learning approaches based mobile devices that have been implemented inside the
classroom and beyond, regardless of subjects area. This chapter investigates a vari-
ety of studies in the light of more recent innovative and best practices of augmented
learner-centered strategies using for creating knowledge in mobile and ubiquitous
learning events. The chapter offers to understand the popular feature of core aspects
of wireless communication technology facilitating teaching and learning practice,
affordances of mobile and ubiquitous technologies that benefit a variety of learn-
ing aspects, and what teachers do when using these latest emerging technologies
for teaching. Considering the impact of emerging technology is changing the way
teacher teach and the student learns, lead to think of new pedagogy; however, the
chapter draws attention to the challenges of determining appropriate pedagogy to
align with rapidly emerging technologies. Suggestions and main ideas that conclude
with current issues for future research are provided.

Keywords Mobile learning · Ubiquitous learning ·Wireless technologies ·
Learning strategies · Technology adoption

15.1 Introduction

With the rapid growth of emerging learning technologies such as Information and
Communication Technologies (ICTs), E-learning, Virtual Reality (VR), Augmented
Reality (AR) mobile devices and Internet of Things (IoT), etc., great opportunities
are coming to truly enhance education experiences (Dávideková et al. 2017; Qi et al.
2017; Wu et al. 2013). Digital learning technologies are used to access informa-
tion, open up new ways of learning and widen opportunities for communication,
collaboration, participation and knowledge acquisition (Elsafi 2018).

In particular, mobile and ubiquitous learning have become pervasive and widely
used to deliver education for individuals, communities, and regions without any con-
straints surrounding distance or separation (Ally et al. 2014). Educators, however,
have opportunities to utilize the potentials of mobile devices and integrate them into
teaching and learning practices and therefore to enhance students learning. In addi-
tion, mobile devices embedded wireless communication and sensing technologies
such as Radio Frequency Identification (RFID), a Global Positioning System (GPS),
and a Quick Response (QR) code have beenmade a huge paradigm shift from the tra-
ditional face-to-face classroomwith limited resources and teacher-centered approach
to more seamless learning, where learning could happen any time anywhere. Specif-
ically, sensing and wireless communication technologies have also made a contri-
bution to learning by offering guidance to the location-based learning, detect user
information and provide convenient access to the digital learning content (Hwang
et al. 2008). However, the benefits can be tailored to different learning contexts to
enrich learning environments,meet the different needs of students, and providemean-
ingful learning experiences. Furthermore, with affordances of mobile technologies
learners have gained tangible benefits to work with a flexible and interactive learning
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environment combines real-world and digital resources, so that, it becomes possible
for educators, or instructional designers to provide and deliver learners educational
content accessed by mobile devices regardless of the time and location (Ally and
Prieto-Blázquez 2014).

While mobile and ubiquitous learning is still a growing research area, aspects of
incorporating augmented learningmethods or innovation new learning approaches to
more fully leverage the potentials of these technologies in different subject areas by
integration of sensing and wireless communication are becoming a more important
and critical issue for educators (Geer et al. 2015). Therefore, eliciting an appropriate
existing pedagogy to cope upwith embedded features ofmobile devices or innovative
new approaches to accomplish desired learning tasks can offer seamless integration
of learning technologies to power learners in different kinds of activities (Chen et al.
2015).

In this sense, the learner has to be encouraged to use learning technology tools
that can promote new experiences and develop individuals and collaboration skills
(Sampaio and Almeida 2015). In such conditions, the intended learning subject
should be focused to harness affordances of mobile learning technologies on the
practical uses of existing resources in an experimental way through effective learning
scenario that quietly promote learner’s interaction and increase motivation. Subse-
quently, educators being aware of strategically and efficiency incorporate augmented
learning approaches based mobile and ubiquitous learning technologies in a variety
of learning environments have gained highly significant (Chen et al. 2015). These
circumstances have been lead to reach the ultimate benefits of mobile technology
for learning purposes by harnessing its features to guide learners to a more effective,
convenient, and successful learning experience (Mac Callum et al. 2014).

This chapter provides an overview of the core aspects of mobile and ubiquitous
learning and its affordances to facilitate the teaching and learning practice. The author
also emphasizes to examine some of empirical studies of mobile and ubiquitous
learning incorporated different strategies to benefit students learning in a variety of
subject area. Followed by a brief summary of key challenges overcome the adoption
of learning technology into teaching practice as well as the conclusion of main ideas
with current issues and future direction of emerging technology.

15.2 Core Aspects of Mobile and Ubiquitous Learning

Recently, researchers havemade a lot of discourse about ubiquitous learning as one of
the latest emerging learning technologies and thenecessity for developing appropriate
and effective pedagogical approaches to leverage its potentials, in which methods
could incorporate to facilitate practice and lead to improve students critical thinking,
problem-solving and collaboration skills (Jagušt et al. 2018; Suárez et al. 2018).
Chiang et al. (2014) emphasized, students need to encourage using mobile learning
tools to improve performance, develop intellectual skills and increase achievement
in different subject areas.
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Its obvious that the most important issue educators and practitioners should take it
into consideration is traditional learning methods to the design and transfer of learn-
ing are being challenged andmay no longer be appropriate tomeet themodern school
styles and younger generation needs, expectations, and diversities. Therefore, devel-
oping and incorporating new pedagogical approaches to align with wireless learning
devices are needed. Specifically to reach optimal benefits of mobile and ubiquitous
learning technologies to help students make progress in a different learning context.

The crucial features of ubiquitous learning technologies to effectively assist in
blurring the gap between formal and informal learning and developing students
learning in a variety of aspects have realized from the positive impact of wireless
communication technology in different subject areas combined digital and authen-
tic environments. For example, Hwang et al. (2010) asserted, the phenomenon of
wireless technology enables learners to seamlessly utilize huge amounts and various
kinds of “functional objects” anytime and anywhere through network connections.

It implies a ubiquitous technology-equipped system could supply users or learners
with timely information and relevant services by automatically sensing their envi-
ronment and various context data, then the system smartly generates proper results to
provide appropriate services (Mottus et al. 2018). Thus, unique features to distinguish
ubiquitous learning technologies from other old learning technologies were the wire-
less communication objects which embedded with sensors technologies (e.g., RFID,
GPS, and a QR code) could detect users preferences and a surrounding environ-
ment to provide personalized services. Furthermore, these functions make learning
more ubiquity, because of the distribution of resources and activities across time
and space. Hwang et al. (2010) emphasize, for better beneficial from wireless and
sensing technologies, the system can build into the other things, for example, objects
placed around a learning environment and allow learners to interact with them. The
interactive learning environment supported by (Smartphones, tablets, PDA, etc.) and
embedded wireless technologies can provide learners with digital content accessed
by mobile devices to learn in an authentic learning context. In ubiquitous learning
technologies, the learning device candidates to be more useful to support teaching
and learning practices is the smartphones because of its popularity and mobility
(Chen et al. 2015). Such learning devices are deemed great educational tools with
technological affordances to support daily teaching and learning activities and truly
can facilitate students learning and prepare them beyond twenty-first-century skills.
However, utilizing the potentials of mobile learning technologies students can easily
access the digital learning content to learn and interact with peers and tutors.

15.3 Affordances of Mobile and Ubiquitous Learning

Mobile and ubiquitous learning technologies have unprecedented affordances to pro-
vide learners support into a variety of learning activities take place in multiple learn-
ing environments and without being restricted by space and time. In general, the
potentials of mobile and ubiquitous learning have the capacity to enhance, enrich
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and facilitate accessing people in disadvantaged socioeconomic areas, people in
places isolated because of natural disasters (e.g., flood, earth shake) and those who
had tribal conflicts or civil wars (Ally 2004). The experts in the mobile learning field
such as (Ally 2004; Traxler 2016) have summarized and listed several affordances
of mobile and ubiquitous learning in the following points:

Contingent teaching and learning: To contingent teaching, teachers are utilizing
several functions of mobile learning (e.g., access to online resources) to support
the processes of teaching practice. Additionally, the system (sensing technologies
of mobile devices) will help to determine and being responsive to the current level
of the student, so that the teachers could adopt a strategy in the light of students
learning situations. In this sense, both teachers and learners can react positively and
respond to learning environments, however, they can utilize several benefits from
using mobile devices to achieve teaching and learning purposes.
Authentic learning: Mobile devices have potentials to help students learning and
solve-problem from a real-life situation. Also, the devices can assist to engage in a
series of learning activities combine real word and digital learning resources. Fur-
thermore,mobile devices offer students the possibility to discuss, explore, share ideas
and construct their own knowledge from a real learning environment, therefore, stu-
dents can experience meaningful learning. This will give students an opportunity to
practice skills and create actual knowledge relevant to the workplace situation.
Situated learning: Situated learning is a matter of enabling students to create mean-
ing from activities takes place in multiple learning environments of daily living. In
this case, students can have an opportunity to be situated in a real learning envi-
ronment, then the mobile learning system or tools will provide them guidance into
the learning objects. Examples of such learning environments are including, (work-
place, museum, zoo, field trip, etc.). Additionally, students can utilize several func-
tions embedded with mobile devices (Camera, video, GPS, QR code) to support
the achievement of learning tasks. Therefore, learners can have the opportunity to
learn from a real interactive learning situation. This situation will help to actively
participate in unfamiliar learning environments, practice several learning events in
which students involved in real-world activities which replicate actual work settings
to make sense of meaningful learning (Catalano 2015).
Augmented reality of mobile learning: Augmented Reality (AR) technology is
providing users with the possibility to combine real life sensory with digital environ-
ments. In a mobile AR, the technology integrates digital data into the real environ-
ment to provide users with an immersive sensory experience. Therefore, mobile AR
offers educators to integrate digital data into the real environment to provide learners
with an immersive sensory experience for making deep and meaningful learning by
comprises a real-world environment (Ibáñez and Delgado-Kloos 2018).
Context-aware and personalized learning: In addition to make learning accessible
anywhere and any time with mobile devices, the devices embedded wireless commu-
nication and technologies sensors have functions to recognize, perceive and being
aware to the context of the real world and that will support the intended context-
aware learning environment. Using sensing technologies such as GPS the location of
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learners and information can be aware and combined with learners’ profiles, learn-
ing styles and learners’ level of knowledge. Indeed the QR code and RFID helped
to identify the real-life objects to support learning activities related to the learning
environment. Thus, mobile devices have full capabilities of being aware of learn-
ers’ location. Once the location has well known, mobile wireless communication or
sensors could detect environments and however, provide learners learning based on
their characteristics, preferences, interests, and diversities.
Collaborative learning: Themobility ofwireless learning devices brings newoppor-
tunities for learning by utilizing numerous functions of these devices to support
collaborative learning.
The mobile device has capabilities to connect learners and support learning activi-
ties via social interaction and develops a relationship and enhances motivation and
discussion. Therefore, learners can work together and engage in meaningful tasks.
Informal learning: In addition to a variety of mobile and ubiquitous learning appli-
cations, the features of wireless and sensing technology have affordances to support
informal learning that occurs away from structured learning. Wireless communica-
tion technologies such as GPS, QR code and RFID have the capability to detect
learners and locate learning environments. Therefore, this will help to take learning
activities out of organized and structured learning.
Recommended system: Recommended system is becoming available with using
mobile learning. The systems can serve in a variety of aspects to support learners.
For example, the system can produce a list of recommendations based on learners’
behaviors, then it will detect their preferences, interests and provides them with an
appropriate learning style.
Educate all age groups: One of the major advantages of mobile learning is that
devices can be used to educate all age groups (younger’s, adults, matures). In such
conditions, learners at both formal and informal educational institutions including;
schools, colleges, universities, workplaces can provide a digital learning content
accessed by their mobile devices.

15.4 Augmented Strategies for Mobile and Ubiquitous
Learning

To reach the optimal success in students learning achievements, motivation, and
increase performance, educators need to efficiently incorporate student-centered
learning approaches combined with affordances of mobile technologies. The
researches have demonstrated mobile-based learning strategy can be tailored and
appropriately incorporate to fit the desired learning goals in different subject areas.
Therefore, educators should encourage students to strategically and successfully use
mobile learning to promote new experiences (Sampaio and Almeida 2015). For bet-
ter success, a specific subject area should emphasize on the practical uses of mobile
technologies to benefit from existing digital resources in an experimental way based
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on a particular learning strategy to promote students’ interaction and collaboration.
This section of the chapter analyzes empirical students that provided evidence to
effective learning approaches incorporated in a variety of ubiquitous and mobile
learning environments.

15.5 Inquiry-Based Learning

Inquiry-based learning (IBL) referred to the process of learning which allows a stu-
dent to experience a particular subject presented in a specific learning situation. It is
deemed as teaching approach requires both educators and students to take responsi-
bility for learning, instead of traditional-centered approaches require the educator to
tell or inform students and provide themwithwhat they need to succeed in learning. In
IBL, the educator provides students with questions, ideas, and observation to objects
learning placed in the intended learning environment then students require to engage
collaboratively in which way that builds their knowledge through investigation and
explanation (Stockdale et al. 2018).

In the context of mobile-influenced IBL, empirical studies have proven a variety
of scenario-based mobile and ubiquitous learning environments. The findings have
shown tangible benefits include the use of mobile learning technology to support IBL
activities could enhance autonomous learning, motivation, performance, knowledge
acquisition, develop multi-strategies use for problem-solving and increase outcomes
(Suárez et al. 2018; Hwang et al. 2010). For example, Chiang et al. (2014) devel-
oped an augmented reality-based mobile learning approach and examined how the
combined functions of AR and features of mobile devices such as (AR display, chat
room, portfolio, image editing, GPS, Camera, etc.) could use in learning processes
to support students inquiry-based learning activities when learning about a natural
science subject. The study focused on examining the impact of the system on stu-
dents learning achievements and motivation. The learning scenario based on Bruce
and Bishop (2002) five-stages (ask, investigate, create, discuss and reflect) of the
IBL method. The instructor provides students with background knowledge about the
learning target (a unit on aquatic animals and plants) followed by a pre-test, then
students engaged to conduct activities at the authentic learning environment. To ver-
ify the effectiveness of AR mobile inquiry-based learning approach, the researchers
conducted learning activities in which the experimental group used the new approach
with AR functions and the control group used conventional mobile IBL without AR
functions to investigate the issues of the targeted unit. For example, water hyacinth
is one of the unit sections, the instructor presents a film about characteristics of
water hyacinth and then asks students to examine those characteristics based on
information presented in the film and record their answer in mobile devices. After
exploring relevant characteristics, the instructor allows them to discuss concepts of
water hyacinth to relate ideas. After the basic concepts and characteristics of water
hyacinth have understood, the instructor permits students to present other plants that
are similar to water hyacinth in characteristics. The results yielded, the participants
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in the experimental group outperformed those in the control group in the learning
achievement and motivation. Therefore, AR supplemented mobile IBL could pro-
mote students’ motivation and increase learning outcomes. With the combination of
AR functions and mobile technologies features, educators can incorporate the IBL
approach to allow students to learn authentically through a series of inquiry-activities
to create their own knowledge using AR-based mobile learning. Experienced digital
technologies—influence IBL activities are also crucial for students to keep engaged
in processes of solving a complex problem and cultivate skills of dependent learning.

Chang et al. (2016) examined the students’ learning motivation and achievement
in English as a Foreign Language subject through the processes of mobile inquiry-
based learning activities. It permits students’ active participation to engage in learning
the culture of the Taiwan Confucius Temple and its architectural features through
multiple modes of facilitating English Foreign Language communication (Chang
et al. 2016). Therefore, students could learn about the (vocabulary and grammar) of
Confucius culture by using a QR code to access the learning content in the authentic
learning environment which facilitates English language knowledge acquisition. To
provide evidence to the effectiveness of the inquiry-based mobile learning approach
on learning achievement and motivation, students recruited to an equal two groups
(the experimental group was supported with immediate feedback during an inquiry
activity and the control group without). This learning approach allows students in the
experimental group to increase their learning outcomes and develop a deep under-
standing. Furthermore, students can improve the ability to investigate the implication
issues surrounding the Confucius cultural Temple.

15.6 Peer-to-Peer Learning

Peer-to-Peer (P2P) learning is students teaching other students, it considered an
effective learning approach to promote students learning and achieve better learn-
ing outcome (Andrews and Manning 2016). Many benefits of P2P learning have
reported, Slavin (2011), such as students feel more confident and comfortable when
they are interacting with peers, the similar level of discussion provides students
great understanding and develop communication, it is also considered a way for sup-
porting individualized learning and more important is learners could share similar
experiences and knowledge. Thus, it seems that P2P learning is an efficient way of
sustaining students’ interaction and motivation. Moreover, students in P2P learning
are expected to take responsibility of their own learning and engage in discussion
and debate to solve a problem, the teachers play the role of facilitator and provide
students theme for discussion with a simple strategy.

With the proliferation of ubiquitous learning technology and its potentials that
have proven to support student learning in a wide range, the issue of coping with
effective learning strategies is likely to bemore urgent and becoming ultimate goal of
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educators. Therefore, using mobile devices as educational tools to enhance instruc-
tional activities with adequate learning strategies is widely acknowledged (Hung
et al. 2014a, b).

Lin et al. (2016) voiced the explanation processes of the system developed for fos-
tering students’ self-regulated learning in the blended learning environment by imple-
mented P2P learning strategy. The learning system called (Self-Regulated Learning
with Group Awareness and Peer Assistance—SRL-GAPA). The main features of
the system are, therefore, students aware of their peers in term of learning activi-
ties are going to conduct, students allow to see other group work, seeking help to
overcomes learning barriers as well as to motivate each other. However, students can
learn collaboratively from computer course through computer-supported collabora-
tive learning environments that support SRL via peer assistance. To verify the effects
of the developed system on students SRL behaviors and learning achievements, Lin
et al. (2016) divided student for two groups in which the experimental group used
Self-Regulated Learning with Group Awareness and Peer Assistance—SRL-GAPA
and the control group used Self-Regulated Learning without Group Awareness and
Peer Assistance. The results have shown, the system not only fostered students SRL
behaviors and learning achievements of the experimental group but also can offer
them pedagogical strategy used for developing skills of SRL in different learning
environments (Lin et al. 2016).

15.7 Problem-Based Learning

Problem-Based Learning (PBL) deemed as one of twenty-first-century learning com-
petencies, and it helps to evaluate and interpret information (Kapur 2015). For learn-
ers to be more active and creative, successful PBL emphasizes effective participa-
tion, problem-solving, and critical-thinking skills to solve an authentic PBL envi-
ronment (Smits et al. 2003). The increasing use of ubiquitous learning technologies
and wireless communication in learning processes are opening up the doors for edu-
cators to innovate new approaches. The combination of real-world objects and dig-
ital resources has expanded opportunities for implementing ubiquitous technology-
enhanced PBL activities. Incorporating strategies for problem-basedmobile learning
can benefit in a variety of learning aspects and develop student twenty-first-century
learning skills including; technology literacy, creativity and innovation, complex
problem solving and cultivating skills of independent learning (Smits et al. 2003).

An example of a problem-based ubiquitous learning environment is an empirical
study involved to improve students questioning abilities (Hung et al. 2014a, b). The
study investigated among experienced and novice groups to determine students’
ability for raising questions about the learning content and activities which were
designed and supported with ubiquitous problem-based learning system (UPBLS).
A total of 43 students participated in the study and divided into experienced and
novice groups. The learning activities took place in the field observation supported
with an online discussion over a long period of time (seven months) to evaluate the
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changes in students questioning ability. To support the inquiry learning activity, the
design of the system included three main functions; online discussion for sharing
ideas and experiences, E-library to offers students relevant digital materials, and
web-based visualized tools to enable the student to summarize their information
from the observed learning field. The UPBLS could support three stages of PBL,
(a) raising questions from the field observation, (b) rising questions through the
discussion and (c) observation and raising scientific questions from analyzing results
and solving problems. Therefore, during learning activities learners are engaged in
field observation learning, gathering data, raising questions, discussing with peers
and sharing outcomes. To evaluate students questioning abilities, a specific rubricwas
designed for this purpose. Hung et al. (2014a, b) have said UPBLS was a powerful
learning platform because it helps experienced and novice groups of students in
progress of raising questions, particularly participants in the experienced group.
This learning approach supported with UPBLS can be applied for different levels of
students so that it can make meaningful learning by developing student’s ability to
raise questions.

15.8 Collaborative Learning

Collaborative learning is one of the most active approaches to present learning as
a social process takes place through interaction and communication (Erkens and
Bodemer 2019). Two prerequisites are essential for collaborative learning (a) learners
must be aware of their learning partners’ knowledge, this will enhance the ability
of knowledge exchange, and (b) more important learners need to stimulus their
prior knowledge that is relevant to the given task (Erkens and Bodemer 2019). In
mobile collaborative learning, Shadiev et al. (2017) articulate that context-aware
collaborative mobile learning applications are useful for learners to improve sets of
knowledge and skills-based location environments.

For example, Liu et al. (2018) examined the impact of a mobile-based collabo-
rative learning system supported by context-aware tools and videos on improving
student’s English listening comprehension in a fitness center. To successfully com-
plete collaborative learning activities, the teacher provides students with a QR code
attached to the exercise machines for accessing videos and additional materials. In
the process of learning activity each participant first asked to (a) go to the fitness
center and scan a QR code attached to the machines for listing video-basedmaterials,
(b) working collaboratively and actively with peers in learning activities related to
video contents and (c) answer series of questions and submit them to the system.
In addition, Participants have given an opportunity to practice anywhere and at the
fitness center to master their English listing comprehension. All group members (12
groups, each group has three members) asked to complete learning tasks by gener-
ating a new QR code. When the learning task is completed, the system notifies the
member by showing a green light. Every member could scan the QR codes obtained
from his teammate so that the system will show three green lights for each member.



15 Augmented Strategies for Mobile and Ubiquitous Learning … 255

Accordingly, the participants could thus move on to the next task. Such a learning
system approach could help students to share their knowledge and work together
in a collaborative manner (Liu et al. 2018). The result concludes the ubiquitous
learning system combined with context-aware for improving student’s comprehen-
sion English learning activities has shown many benefits such as improved students
listing comprehension, increased interaction and cooperation. Furthermore, students
usemultiple listing strategies during engaging in conducting comprehensive learning
activities (e.g., effective strategies, social strategies, and metacognitive strategies).
This system allows students to collaboratively engage in language learning in the
authentic learning environment and interact with groups and mobile devices.

Fakomogbon and Bolaji (2017) compared the academic performances of small
groups of students in a mobile collaborative learning platform to study Chemistry
subject. The students were worked with various treatment conditions depending
upon different collaborative and non-collaborative learning styles. The collabora-
tive learning styles include think-pair-share, reciprocal teaching, think aloud pair
problem-solving, group grid, a group writing an assignment for collaborative learn-
ing style and non-collaborative. In measuring changes between pretest and posttest,
they did, however, find that student’s performances improved in the mobile col-
laborative learning platform, in particular, think-aloud pair problem-solving make
significant progress than other groups. Fakomogbon andBolaji (2017) concluded that
collaborative learning through a ubiquitous learning environment allows students to
become more active.

15.9 Key Challenges of Technology Adoption

In an era in which students are able to instantly access a variety of information via
mobile devices and wireless technologies or gather together and work in real-time
situated and virtual spaces, educators must break away from the traditional models of
teaching and learning tomove intomore innovative and creative learning approaches.
Despite, educators have made efforts to innovate a number of teaching and learning
approaches to facilitate technology integration in a variety of learning contexts, there
still some challenges remained with incorporating appropriate pedagogy to leverage
wireless communication and ubiquitous learning technology. This because, emerging
technologies such as mobile devices are not designed to use as educational tools and
therefore, not surprisingly their adoption in schools or universities is likely to present
some challenges. In summary, the inclusion of ubiquitous learning technology to
benefit learning has faced some challenges including;

1. Educators lack of digital technology skills

The major challenges hinder digital technology adoption in teaching is the lack of
teacher performance of digital technology skills and unwillingness to adopt them in
their classroom practices. Educators need to develop wireless communication and
digital learning tools skills. Furthermore, they need to know how to integrate such
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technologies into school culture in every subjects area, specifically in experimental
ways. These efforts probably need to be implemented through ongoing systematic
workshops and training with collaboration and discussion organized and guided by
specialized scientific institutions.

2. Valid assessment patterns

The difficulties in determining appropriate and valid analysis patterns during the
learning processes have remained. Particularly tasks combine formal and informal
learning activities and those comprise authentic and virtual learning environments
so that more efforts to develop valid and effective assessment technology tools for
analyzing data gathered through processes of various learning environments are
required.

3. Adaptability of the learning system

There is another problem associated with the adaptability of the ubiquitous learning
system. The problem can occur when the system should instantly respond to provide
desired learning services, for instance, adaptability for anywhere any time services,
so that the system can have the capability to respond and handle the full range of
expected learning challenges.

15.10 Conclusion and Future Direction

The inclusion of emerging technologies in an educational context, for instance, ubiq-
uitous learning technologies open new opportunities to enhance learning, promote
students motivation, increase academic performance and develop skills of social
interaction (Mendoza et al. 2015). With these digital technologies, teachers also
have great opportunities to come up with new innovative approaches in teaching
practices, and therefore generate possible learning conditions in which students can
overcome challenges and gain experiences (Sampaio and Almeida 2015). While the
use of mobile technologies in teaching and learning alone without following any
pedagogical approach, likely to be not useful to help student success in learning;
however, the only way determines effects of mobile learning technology on stu-
dents outcomes is how educators implement and integrate them into their teaching
practices.

Overall this chapter provides an explanation for the affordances of mobile and
ubiquitous learning and how wireless technologies could utilize to benefits student
learning. Subsequently, the chapter also analyzes the literature reviews, particularly
the empirical studies that have proven processes of effective strategies supported by
mobile and ubiquitous learning technologies in different subject areas.
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While some challenges of adopting ubiquitous technologies into teaching practice
are related to the technologies themselves, educators essentially need to develop skills
enabling them to integrate technologies into teaching methods. Further, educators
must seek and emerge effective strategies to offer students more creative approaches
to develop twenty-first-century skills such as critical thinking, complex problem
solving and collaboration. More intervention studies of mobile learning and ubiqui-
tous learning in a different context are required to implement in multiple learning
environments; however, this will be useful to elicit and adopt an appropriate learning
approach that can incorporate in similar mobile learning environments.

No doubt, in the near future, the learningwill becomemore personalized, dynamic
and open than ever before, these aspects can influence pedagogical practices. With
the emergence concept of ubiquitous learning technologies as a vital and crucial
paradigm for the future, the learning will be more outside than inside classrooms and
traditional pedagogical approaches will expected to undergo drastic changes (Gros
2016). Therefore, by addressing these challenges, fundamental changes are likely
to happen in learning pedagogy, and comprehensive educational models are also
essential to facilitate technology adoption. The empirical studies that have proven
in this chapter shown, there were effective pedagogical approaches can be incorpo-
rated successfully to support deeper and meaningful learning in a variety of learning
environments include personalized and collaborative learning strategies, inquiry-
based learning and informal learning. However, such pedagogical approaches can
be applied to the similar learning context to utilize potentials of ubiquitous learning
technology.

Glossary of Terms

UPBLS Ubiquitous Problem-Based Learning System
P2P Peer-to-Peer Learning
PBL Problem-Based Learning
IBL Inquiry-Based Learning
VR Virtual Reality
RFID Radio Frequency Identification
GPS Global Positioning System
QR Quick Response
IoT Internet of things is the network of devices and things such as tags, sensors and

smartphones phones are able to connect, interact and exchange information



258 A. Elsafi

References

Ally, M. (2004). Using learning theories to design instruction for mobile learning devices. In J.
Attewell & C. Savill-Smith (Eds.),Mobile learning Anytime everywhere: A book of papers from
MLEARN 2004 (pp. 5–9). London: Learning and Skills Development Agency.

Ally, M., & Prieto-Blázquez, J. (2014). What is the future of mobile learning in education? Mobile
learning applications in higher education [Special Section]. Revista de Universidad y Sociedad
del Conocimiento (RUSC), 11(1), 142–151. https://doi.org/10.7238/rusc.v11i1.2033.

Ally, M., Grimus, M., & Ebner, M. (2014). Preparing teacher for a mobile world to improve access
to education. Prospects. Comparative Journal of Curriculum, Learning, and Assessment, 44(1),
43–59. https://doi.org/10.1007/s11125-014-9293-2.

Andrews, M., & Manning, N. (2016). A guide to peer-to-peer learning: How to make peer-
to-peer support and learning effective in the public sector? Retrieved from https://www.
effectiveinstitutions.org/media/The_EIP_P_to_P_Learning_Guide.pdf.

Bruce, B. C., & Bishop, A. P. (2002). Using the web to support inquiry-based literacy development.
Journal of Adolescent&Adult Literacy, 45(8), 706–714.Retrieved fromhttps://www.learntechlib.
org/p/92678/.

Catalano, A. (2015). The effect of a situated learning environment in a distance education informa-
tion literacy course. The Journal of Academic Librarianship, 41(5), 653–659. https://doi.org/10.
1016/j.acalib.2015.06.008.

Chang, C., Chang, C.-K., & Shih, J.-L. (2016). Motivational strategies in a mobile inquiry-based
language learning setting. System, 59(2016), 100–115. https://doi.org/10.1016/j.system.2016.
04.013.

Chen, N. S., Hung, I. C., Fang, W. C. (2015). Augmentation strategies for paper-based content
integrated with digital learning supports using smart-phones. In: Kinshuk & R. Huang (Eds.),
Ubiquitous learning environments and technologies. Lecture notes in educational technology
(pp. 103–105). Berlin: Springer.

Chiang, T.-H.-C., Yang, S.-J.-H., & Hwang, G.-J. (2014). An augmented reality-based mobile
learning system to improve students’ learning achievements and motivations in natural science
inquiry activities. Educational Technology & Society, 17(4), 352–365. Retrieved from https://
www.jstor.org/stable/jeductechsoci.17.4.352?seq=1#page_scan_tab_contents.

Dávideková, M., Mjartana, M., & Greguša, (2017). Utilization of virtual reality in education of
employees in Slovakia. Procedia Computer Science, 113(2017), 253–260. https://doi.org/10.
1016/j.procs.2017.08.365.

Elsafi, A. (2018). Using mobile devices to access social media networks: Students learning through
web quest technique. Communication, Society and Media, 1(2018), 44–51. https://doi.org/10.
22158/csm.v1n1p44.

Erkens,M., &Bodemer, D. (2019). Improving collaborative learning: Guiding knowledge exchange
through the provision of information about learning partners and learning contents. Computers
& Education, 12(2019), 452–472. https://doi.org/10.1016/j.compedu.2018.10.009.

Fakomogbon, M., & Bolaji, H. (2017). Effects of collaborative learning styles on performance of
students in a ubiquitous collaborative mobile learning environment. Contemporary Educational
Technology, 8(3), 268–279. Retrieved from https://files.eric.ed.gov/fulltext/EJ1148599.pdf.

Geer, R., White, B., Zeegers, Y., Au, W., & Au, A. (2015). Emerging pedagogies for the use of
iPads in schools. British Journal of Educational Technology, 48(2), 490–498. https://doi.org/10.
1111/bjet.12381.

Gros, P. (2016). The dialogue between emerging pedagogies and emerging technologies. In: P. Gros,
Kinshuk, & M. Maina (Eds.), The future of ubiquitous learning: Learning design for emerging
pedagogies (pp. 3–23). Berlin: Springer.

Hung, I.-C., Yang, X.-J., Fang, W.-C., Hwang, G.-J., & Chen, N.-S. (2014a). A context-aware
video prompt approach to improving students’ in-field reflection levels.Computers & Education,
70(2014), 80–91. https://doi.org/10.1016/j.compedu.2013.08.007.

https://doi.org/10.7238/rusc.v11i1.2033
https://doi.org/10.1007/s11125-014-9293-2
https://www.effectiveinstitutions.org/media/The_EIP_P_to_P_Learning_Guide.pdf
https://www.learntechlib.org/p/92678/
https://doi.org/10.1016/j.acalib.2015.06.008
https://doi.org/10.1016/j.system.2016.04.013
https://www.jstor.org/stable/jeductechsoci.17.4.352%3fseq%3d1#page_scan_tab_contents
https://doi.org/10.1016/j.procs.2017.08.365
https://doi.org/10.22158/csm.v1n1p44
https://doi.org/10.1016/j.compedu.2018.10.009
https://files.eric.ed.gov/fulltext/EJ1148599.pdf
https://doi.org/10.1111/bjet.12381
https://doi.org/10.1016/j.compedu.2013.08.007


15 Augmented Strategies for Mobile and Ubiquitous Learning … 259

Hung, P.-H., Hwang, G.-J., Lee, Y.-H., Wu, T.-H., Vogel, B., Milrad, M., et al. (2014b). A Problem-
based ubiquitous learning approach to improving the questioning abilities of elementary school
students. Educational Technology & Society, 17(4), 316–334. Retrieved from https://www.jstor.
org/stable/jeductechsoci.17.4.316?seq=1#page_scan_tab_contents.

Hwang, G.-J., Tsai, C.-C., & Yang, S. J. H. (2008). Criteria, strategies and research issues of
context—Aware ubiquitous learning. Educational Technology & Society, 11(2), 81–91. Retrieved
from https://www.j-ets.net/ets/journals/11_2/8.pdf.

Hwang, G.-J., Kuo, F.-R., Yin, P.-Y., & Chuang, K.-H. (2010). A heuristic algorithm for plan-
ning personalized learning paths for context-aware ubiquitous learning.Computers & Education,
54(2), 404–415. https://doi.org/10.1016/j.compedu.2009.08.024.

Ibáñez, M.-B., & Delgado-Kloos, C. (2018). Augmented reality for STEM learning: A systematic
review. Computers & Education, 123, 109–123. https://doi.org/10.1016/j.compedu.2018.05.00.
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Chapter 16
From Video-Conferencing
to Holoportation and Haptics: How
Emerging Technologies Can Enhance
Presence in Online Education?

Chryssa Themelis and Julie-Ann Sime

Abstract Video-conferencing, if used effectively, can support learning and teaching
in online and distance learning serving the human need to communicate, and to
learn by watching, and interacting with teachers and learners from anywhere. The
demand for a more human approach to online education drives technologists and
software developers to investigate newways of being present online while connected
with others, thereby making the experience as real-life as possible. This chapter
discusses the implications of using emerging synchronous technologies in online
education and explains why educators need to develop their teaching practice and
understand the role of presence in online teaching in Higher Education. Drawing on
the Tele-Community of Inquirymodel, embodied cognition and research into ‘honest
signals’ we examine the potential of emerging technologies such as holoportation,
holograms, and haptic devices used in augmented learning environments. Innovative
examples from Higher Education are presented to illustrate creative ways in which
emerging technologies are beginning to be used in teaching practice. Technological
advances continue to increase the potential for how synchronous communication
technologies can support and improve presence online and enhance virtual and real-
time interactions in online education. As these technologies are still emerging there
is a great need for further educational research and some directions are highlighted.
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16.1 Introduction

Distance and online learning are increasing in popularity in Higher Education Insti-
tutions as more and more people prefer to communicate, learn, work and social-
ize online. While teaching online is not new, increasing numbers of educators are
becoming online educators as it has moved into the mainstream; however, technol-
ogy continues to advance and offer new opportunities and challenges to educators.
This chapter explores the implications of adopting these new technologies for the
educator and outlines the importance of presence and why it must be considered
when using synchronous communications technologies in online education.

Visual teaching strategies are promoted by online courses such as MOOCs (mas-
sive open online courses) and ‘thinking on-screen’ occurs in social media and vlogs,
where visuals promote social interaction and discussion (Themelis and Sime 2017;
Sime and Themelis 2018). Synchronous technologies (such as video-conferencing,
holographic teleportation and avatars in 3D virtual environments) have the potential
to enrich the ‘feeling of presence’, of ‘being together’ in real-time while physi-
cally separated. For example, experienced educators introduce video-conferencing
into their online courses to increase their connection with students, especially dis-
tance students who may feel isolated or alienated from campus (Themeli 2013).
The importance of concepts, such as transactional distance, ‘being present online’
and a ‘sense of place’, needs further exploration to understand the relevance of
emerging technologies to online education. Online presence plays a key role for
educators and students to build trust and create a ‘stage’ where people can inter-
act synchronously and understand visual cues that have transformative power in
dialogues and decision-making (Pentland 2008). To what extent can synchronous
communications technologies support human communication in online education?

This chapter explores synchronous communications technologies in distance edu-
cation, discussing relevant theory and teaching practice that illustrates the technolo-
gies available, from video-conferencing to holoportation and haptic devices. This
contextualization process provides an overview of synchronous educational media
which is uncharted. It also presents theoretical models and frameworks that may be
useful for educators, researchers and instructional designers striving to design for
learning and teaching in a networked world.

16.2 Transactional Distance Theory

Transactional distance theory is a well-known theoretical framework that refers to
the closeness of the connections between participants in an online environment, and
the degree to which the digital setting assists or hampers their ability to construct
knowledge and facilitate understanding (Moore 1980). Moore’s theory conceptu-
alizes transactional distance as “a psychological and communications space to be
crossed, a space of potential misunderstanding between the inputs of instructor and
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those of the learner” (Moore 1993, p. 22). The psychological aspect of distance is
described by Wiener and Mehrabian (1968), as immediacy that could influence syn-
chronous and asynchronous means of communication. Peters (1998) defined it as
communication of mental distance. Transactional Distance Theory argues that the
distance in online education is transactional and not solely spatial or temporal, it is
seen as emotional and cognitive (Gorsky and Caspi 2005).

Jacquinot (1993) expressed the view that ‘distance can be managed’ in the field
of distance education if the instructional design is carefully planned. Moore (1993)
analyzed transactional distance in relation to the interactions that exist within instruc-
tional design. The core elements of transactional distance are dialogue, structure and
learner’s autonomy. The content of the course, the nature of the medium of delivery,
the philosophy and emotional characteristics of teachers, and the learners’ personal-
ities have a direct effect on the quality of the dialogue, and the gap of transactional
distance (Moore and Kearsley 1996; Aluko et al. 2011). Of course, critics highlight
the need for further examination of the variables (dialogue, structure, and learner’s
autonomy) or potential sub-variables (Gorsky and Caspi 2005); and more empirical
support for the theory (Goel et al. 2012).

What seems to be clear is that the interactive nature of the medium is a deter-
minant of dialogue in the teaching-learning environment, and by manipulating the
communications media, dialogue can be increased, and thus transactional distance
may be reduced (Mueller 1997). Consequently, synchronous communications media
can have an influential role by enhancing presence in online environments through
improving dialogue and interaction and reducing transactional distance.

16.3 Tele-presence: The Sense of ‘Being There’

Another concept that explores the distance amongparticipants in online environments
is tele-presence, or presence. There are many definitions of presence; presence is
defined as an experience of ‘being there’ in a mediated environment (Minsky 1980).
It has been used many times in discussion of virtual environments and avatars but
also for real-time face-to-face communications. What tele-presence assumes about
distance is that with effective technology, vividness, transparency and interactivity,
it is possible to create a ‘feeling of being there’ (Haans and Ijsselsteijn 2012).

The International Society for Presence Research (2000, para. 3) uses the following
definition:

Presence (a shortened version of the term telepresence) is a psychological state or subjective
perception in which even though part or all of an individual’s current experience is generated
by and/or filtered through human-made technology, part or all of the individual’s perception
fails to accurately acknowledge the role of the technology in the experience. Except in the
most extreme cases, the individual can indicate correctly that s/he is using the technology,
but at ‘some level’ and to ‘some degree’, her/his perceptions overlook that knowledge and
objects, events, entities, and environments are perceived as if the technologywas not involved
in the experience.
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Another term that first appeared in the writings of Barbatsis (1999) is ‘Hyperme-
diated tele-presence’ which refers to the sense-making aesthetics of digital media.
‘Hypermediated tele-presence’ entails sensory-rich online communication and inter-
action. Barbatsis created a contextual framework synthesizing a set of aesthetic prin-
ciples relevant to hypermedia which addresses what communication scholars recog-
nize as the ‘sensory world’ of mediated communication. In other words, hypermedia
involves its participants in a particular kind of ‘sensory world’ (Shapiro andMcDon-
ald 1995; Barbatsis 1999). What seems to be of importance are the contextual media
aesthetic characteristics of a medium, working uncritically and automatically, and
relatively independently of literal content, to establish a framework for the cognitive
and affective perception of a mediated event (Zettl 1999; Barbatsis 1999):

Developed from the branch of aesthetics that deals with sense perceptions and how to influ-
ence them, it is concerned with such fundamental image elements as light, space, time-
motion, and sound for the ways in which they structure perceptual or sensory experiences
in a system of aesthetic fields. (Barbatsis 1999, p. 283)

What is of paramount importance is that the sense of being there, even when in
an immersive space such as in virtual reality environment, triggers emotional and
physical reactions to a situation even though someone is aware that the experience
is not real:

The whole point of presence is that it is the illusion of being there, notwithstanding that
you know for sure that you are not. It is a perceptual but not a cognitive illusion, where the
perceptual system, for example, identifies a threat (the precipice) and the brain-body system
automatically and rapidly reacts (this is the safe thing to do), while the cognitive system
relatively slowly catches up and concludes ‘But I know that this isn’t real’. But by then it is
too late, the reactions have already occurred. (Slater 2018, p. 432)

So, whether the ‘sense of presence’ is real as in video-conferencing or illusionary,
as in virtual reality, it is an immersive experience that satisfies the need to see faces
and interact in a human or human-likemanner with rich communication that includes
visual cues, embodied reactions and ‘honest signals’ (Pentland 2008).

16.4 Honest Signals and Mirror Neurons

Pentland (2008) has carried out extensive research into non-linguistic communi-
cations and its importance in social behaviour, e.g. facial expressions, patterns of
interaction, and levels of activity can signal interest and emotions.

In his research into human behaviour Pentland has examined the behaviour of
individuals in organizations, examining sociometer data and observations of honest
signals, i.e. unconscious or non-verbal communications. For example, body pos-
ture, gestures, and facial expressions which convey additional information that can
provide a window into our real intentions, goals and values. This understanding of
communication between people in the context of social networks shows that social
signals can convey much more than language alone (Pentland 2008). Research into
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social psychology has shown that imitation plays a crucial role in creating empathy
and neuro-science has discovered the physiological mechanism for this effect—mir-
ror neurons (Iacoboni 2009). Neuro-mirroring facilitates social behaviour and our
ability to understand other people.

Asynchronous communications that are restricted to text-based dialogue are not
able to convey these unconscious signals although emojis can be seen as an attempt
to fill this gap and communicate emotions. So, synchronous communications such
as video-conferencing where part of the body is visible, typically head and shoul-
ders, has an increased communicative power compared to asynchronous text-based
communications. Facial expressions and hand gestures are conveyed along with non-
verbal communications such as nodding or shaking of the head. This means that syn-
chronous communications through holographic representations of the whole body
in augmented reality, increases this power further so that the person appears to be
present to the viewer and communications can occur in a more natural and human
manner, complete with honest signals.

16.5 A ‘Sense of Place’

Fayard (2006) questions the assumption that face-to-face is ‘a natural and perfect
state—being there’, i.e. the assumption that when online participants are not co-
located, they are in an imperfect state, and expect technology to reconstruct a perfect
state. Fayard adopts theatrical metaphor theory which Goffman (1959, 1974) used to
analyze human behaviour in social situations with its “notions of stage, performance,
and roles to describe social interactions and presentation of self” (Fayard 2006,
pp. 153–154). Fayard suggested that what is of utmost importance is the ‘stage’ of the
social interactionwhere identities and processes perform.Moreover, people in video-
mediated contexts adjust and evolve the well-established routines that they have
developed for interaction in everyday communications to build a ‘stage’ for video
interaction. The stage not only refers to a spatial frame of reference, but also refers
to a shared social and cultural context, a “place” that participants collaboratively
construct. The duality of the stage is emphasized in video-mediated settings. Being
onstage, you are acting, talking or playing a role. Being backstage when you are
‘onstage’ (on camera) means that you are not an actor, but part of the audience
(Fayard 2006). Therefore, educators supporting communications in video-mediated
settings should be aware of the affordances of the medium and the construction
of a shared social context that gives a ‘sense of place’ to participants (McGrath
1991). This notion of stage could also apply with other synchronous communications
technologies, such as holograms, where a physical performance is required.

Barbatsis talks about Joseph Squire and his ‘manifesto’ of hypermedia installation
in which the ‘place’ contributes much to the experience the speaker intends:

In the place there are no objects, spaces or bodies. Remember, these things are not sacred
in themselves. The place explores the boundary between tool and myth, instrument and
concept (to see the ways in which they mutually constitute each other). The place requires



266 C. Themelis and J.-A. Sime

new constructions of bodily reality. Never fail to recognize the difference between self and
other. Avoid any confusion of boundaries. The place will not be appreciated by all. But it
presents its own seductions. The place is inhabited by random memories, dream-addicted
mercenaries, and second-hand scraps of excitement. (Barbatsis 1999, p. 289)

Turkle (1995) sees the opportunity to explore and express different aspects of
identity through the creation of personalized avatars (or virtual representation of
self) and interactions in virtual environments. Virtual environments provide valuable
contextual and emotional involvement that can also improve memory and problem-
solving abilities (Zhou 2013). Virtual environments can support team role-play in
training where it is important to have environmental and visual cues that set the scene
for the communication activity (Jaeger and Helgheim 2009). Acting via an avatar
means that each teammember can see themselves in the environment and this can be
particularly beneficial for the practice of people-facing skills. Training in a virtual
environment can also be an advantage where safety is a concern, e.g. safe preparation
of radioactive pharmaceuticals (Sime and Kemp 2008).

Whether online participants feel like ‘being there’ or feel the need to create a
sense of ‘place’, social and cultural context, and emotions are important for online
education, whether in real, virtual, augmented or mixed reality environments.

16.6 Tele-proximity Theory

Many researchers, including the authors of the Community of InquiryModel (Ander-
son and Garrison 1995), consider it to be a basic analytic framework for understand-
ing distance education (Gorsky and Caspi 2005) and it has inspired a great deal
of research (Jung 2001). The popular Community of Inquiry framework (CoI) is
widely used for studying text-based asynchronous online discussion (Garrison et al.
2010). The central components of themodel are: teacher presence, cognitive presence
and social presence. Teacher presence includes the role of tutors in course design
and delivery, cognitive presence is defined as construction of understanding through
collaboration and reflection, and social presence focuses on the social relationships
among the learning community. All three presences are required to create an effective
and supportive learning environment.

The model has inspired a great deal of research over the years and has evolved to
includeverbal interactions supportedby synchronous and asynchronous tools of com-
munication,without, of course, body language being perceived (Jézégou2012). Some
studies have shown that the teacher’s visual presence plays a central role in facili-
tating and maintaining a community of inquiry and orchestrating communication in
synchronous environment (Saw et al. 2008; Martin et al. 2012).

Themeli (2013) expanded the community of inquirymodel to include synchronous
visual communications and developed the theory of tele-proximity (Themeli and
Bougia 2016). Tele-proximity theory expresses the human need for face-to-face
contact and defines the ecosystem of synchronous media as a theatrical stage up on
which embodied presences perform. Online embodiment has ecological significance
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because it is the environment in which participants are embedded. The tele-proximity
theory claims that synchronous communications have the potential to reduce transac-
tional distance in online education. Tele-proximity as embodiment ‘on-stage’ allows
for audio-visual identity, affects learning and content and enhances immediacy. It
integrates visual presence and communication among teachers, learning community
and learning resources on video-enhanced environments as an expansion of the com-
munity of InquiryModel. The extension of the Community of Inquiry model consists
of:

Tele-teacher presence which is seen as expression of an embodied identity (audio-
visual presence) thatmirrors thinking processes, behaviours, emotions, and aesthetics
for the purpose of realizing personally meaningful learning outcomes and a sense of
‘place’ for online students and instructors as well. Tele-cognitive presence is seen
as the extent to which learners and instructors are able to: make their thinking and
feelings visible; construct and confirm meaning; learn skills and play roles through
sustained sensory-rich reflection (offline embodiment) and discourse (online embod-
iment) on ‘stage’. The presentation of content is based more on interconnectivity,
interactivity and mindful presence than lectures. Finally, Tele-social presence is the
ability of participants to create their identity in a sensory-rich ‘stage’, communicate
purposefully in a trusting environment and develop inter-personal relationships by
projecting their individual experiences and feelings.

Research into tele-proximity theory and the practice of experienced online edu-
cators concluded that context is vital to the success of online learning with syn-
chronous communications technologies and contextual factors can be summarized
in three categories (Themeli 2013). The first category refers to technological impli-
cations (connectivity), synchronous tool choices, time zone differences, institutional
support, type of knowledge (conceptual, practical, etc.) and contextual aesthetics.
Contextual aesthetics is the way instructors and students appear on screen (the way
they are dressed, their tone of voice, their appearance and movements, and etiquette)
and the distortion effects that can affect learning, impressions and perception. The
second category, includes educators’ academic expectations, teaching style, ped-
agogy, professional salience and confidence with technology as these are recog-
nized as important determinants of the learning process. The third category includes
students’ self-motivation, attention span, level of task difficulty, language fluency,
cultural background and personality traits as these are factors affecting a learning
community that communicates synchronously.

Manyof the studies associatedwith synchronous tools, haveplacedgreater empha-
sis upon technical problems and solutions and lack guidance on how to link syn-
chronicity with learning aims and integration into larger teaching scenarios (De Fre-
itas andNeumann 2009). Onemore challenge of synchronous communications is that
existing guides for educators do not provide high-level support for the inter-relation
of multiple media used synchronously for educational purposes, or consideration
of the current models being used to support practice (Schullo et al. 2005). In other
words, educators need to have more experience with emerging synchronous media
such as holoportation.
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The theory of Tele-Proximity suggests that visual presence and interaction in
visual space have the potential to enhance social, cognitive and teacher presence
and this is based on the research on honest signals (Pentland 2008) and neuro-
mirroring (Iacoboni 2009). In other words, human communication can be based
on interpretation of visual cues and body language which are understood on an
unconscious level. This underlies the importance of seeing other people in syn-
chronous communications; however, the importance of contextual factors should not
be forgotten.

16.7 From Video-Conferencing to Holoportation
and Haptic Experiences

16.7.1 Video-Conferencing

According to Edtechnology (2019), one of the top tech trends for teaching in 2019 is
High Definition video and video-conferencing. Synchronous video communication
(SVC) is defined as real-time, video-enhanced conversation where there is an imme-
diate give and take between at least two participants in different locations (Alexander
et al. 1999; Chandler and Hanrahan 2000; Gibson and Cohen 2003; Suthers 2001).
The prominent characteristic is the immediate exchange of information and sharing
of facilities among distant users (Anastasiades 2007). “The introduction of the video-
conference facility to the education system some 20-years-ago was quickly recog-
nized as having the potential to resolve difficulties facing distance education” (Gillies
2008, p. 108). Since then, more and more people are using video-conferencing to
communicate, teach, learn, seek medical assistance or even appear in court, and
telecommunications technologies are steadily improving (Burton and Kitchen 2010;
Tierney 2010).

Over 100 products are available commercially for a range of platforms including
desktop video-conferencing which allows for audio-visual feeds to be transmitted
between sites, and web conferencing which allows groups of users to enter an online
meeting space and use features such as whiteboards, screen sharing, chat, voting.
Some of the common virtual classrooms available in the market today are Ellumi-
nate, Adobe Connect, CiscoWebex, Flashmeetings, DimDim, Vyew, TokBox, VCS,
Blackboard Collaborate, Big Blue Button and Horizon Wimba.

Synchronous interactions can be used for interviews, project meetings with multi-
ple participants, chaired by a leader or for webcasts of physical lectures, virtual sem-
inars and video lectures connecting participants and institutions. In addition, during
SVC, other communication channels are available such as public group text chat, a
voting system and emoticonmood indicators to support synchronicity. URLs can also
be shared for collaborative web browsing. Furthermore, some software allows for
automatic recording and canmonitor participation, e.g. FlashMeeting uses polar area
charts to provide a visual representation of dominance (who is talking most) so that
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participation can be monitored. Synchronous video communications can enhance
educator and learner interactions, using text, audio and video to express themselves
while experiencing a feeling similar to face-to-face.

16.7.2 Holographic Experiences and Holoportation

Holograms and augmented reality are already being used for training and educational
purposes in a wide range of settings, for training, informal learning in museums, and
capturing cultural heritage as an educational resource, e.g. ancient artefacts can be
brought to life in 3D holograms through mobile phone apps (CGTN America 2017);
and holograms of penguins, polar bears and killer whales can be seen up close by
members of the public (BBC Frozen Planet 2013).

Augmented Reality software and mobile apps have been developed for educa-
tional purposes, e.g. ARTutor (Augmented Reality Tutor), which includes a web-
based authoring tool for creating augmentations, and a mobile app for learners to
interact with learning material (Tsinakos 2018). ARTutor is designed to be used
by educators for creation of learning materials (e.g. augmentation of pdf files) and
no programming skills are required—this makes it widely accessible to educators.
These augmented reality educational materials can be appealing to learners and pro-
vide vivid visual illustrations for teaching purposes. Mobile augmented reality apps
and headsets promise stimulating visuals to explain theories, demonstrate procedures
and present historical events and people.

Innovative synchronous communications technology such as 3D holographic
video-conferencing, or holoportation, promises to improve the communications
experience, freeing the user from sitting in front of a computer and maintaining
appropriate eye contact with multiple speakers (Kipman 2016). The term holopor-
tation is defined as 3D holograms displayed in augmented reality that are used for
real-time communication between remote users. 3D holographic images of people
can be transmitted in real-time without significant delay so synchronous commu-
nications are possible and have the potential to offer a more realistic interaction
than video-conferencing. The Microsoft HoloLens headset was the first untethered
holographic device and combined with appropriate apps and software, it can provide
augmented and mixed reality experiences for learners (Kipman 2016). A range of
other, affordable, devices are also appearing on the market, e.g. Magic Leap.

In an educational setting, holograms can be used for one-to-one interaction or one-
to-many broadcast in real-time, and recordings can also be played back to animate
memories (Orts et al. 2016). Imperial College London is using holographic confer-
encing technologies so that holographic representations of lecturers can appear on
stage to teach students in real-time. They believe that this provides a greater sense
of presence than would be experienced with video-conferencing (Kelion 2018).

TheWhole-body Interaction Learning for Dance Education project, funded by the
Horizon 2020 programme of the European Union, has carried out ground-breaking
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research into the use of holograms in teaching dance and choreography (WhoLo-
DancE 2018a). Using motion capture technology and a range of holographic tech-
nologies, including the Microsoft HoloLens immersive headset, they have: captured
cultural dances (i.e. flamenco, and Greek folk dance) and preserved them for future
dancers and choreographers to study. They have also created a wide range of apps
for annotating and processing the captured images. The captured dances (including
contemporary and ballet) are stored in a movement library where choreographers
(and those learning choreography) can choose and combine movements then play-
back the new dance using holographic images of the dancers. This technology has the
potential to revolutionise choreography. For dancers learning to dance, they can view
life-sized holographic dancers performing the dance they want to learn, and they can
dance alongside them. This project has demonstrated a proof of concept and given us
a glimpse of dance and choreography teaching in the future (WhoLoDancE 2018b).

Holoportation has the potential to play a major role in online education as it can
enhance a sense of presence but more importantly it can create a greater sense of
presence and a feeling of co-location, than video-conferencing thereby creating a
more human communication experience. The theory of embodied cognition (Lakoff
and Johnson 1999) and Pentland’s ‘honest signals’ explain how holoportation facili-
tates interaction and understanding and creates a sense of immersion (Invitto, Spada,
and De Paolis as cited in De Paolis and Mongelli 2015). Limitations need to be
further explored and researched as data compression systems, eye tracking systems
and more effective algorithms may assist in the adoption of immersive technologies
in online education.

16.7.3 Technologies for Haptic Experiences

Video-conferencing and holoportation technologies can serve the need to ‘see faces’,
facilitate synchronous discussion and enable a sense of presence, but they do not pro-
vide haptic perception, or the ability to touch or grasp something. 3D virtual reality
software and headsets (e.g. Oculus Rift) can provide high levels of immersion and
presence in virtual environments and can evoke real emotional reactions. These have
been used for educational purposes for many years, perhaps the best well-known
virtual environment is Second Life which has been used widely in Higher Education
institutions (e.g. Molka-Danielsen and Deutschmann 2009). Learners from differ-
ent locations, represented as avatars, can interact within virtual environments and
engage in learning activities, e.g. role-play, problem-based learning, collaborative
discussion. The 3D virtual reality environment can facilitate direct communication
between learners, and support identity development, with a sense of presence, of
co-location in the same place even though separate in the real-world. However, this
is not the same as face-to-face communication as found in video-conferencing and
holoportation as there is not the same opportunity to see the face or body and interpret
unconscious, honest signals.
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On the other hand, tactile experience through haptic suits is possible in virtual
environments. The most innovative systems include the: KOR-FX haptic gaming
vest, the full-body Tesla Suit, and the Haptics full-body TactSuit. Most haptic tech-
nologies have been produced for gamers and offer the user the feeling of pain or
impact when playing virtual games that include boxing, martial arts or armed com-
bat: “These technologies can provide more fulfilling interactions by enhancing the
sense of presence. This feeling of ‘being there’ and the sense of ‘space’ can be
increased with the addition of haptic feedback” (Cohen et al. 2017, p. 1). So, haptic
technologies provide a new level of immersion in virtual environments that has the
potential to be exploited in education and training applications. Further research is
required to explore this area and its potential for online education.

16.8 Conclusions and Further Educational Research

From video-conferencing to holoportation and haptic feedback, emerging syn-
chronous communications technologies can support human communication in online
education by enhancing online presence and improving visual, auditory, spatial and
haptic (tactile) aspects of communication. Eyes pick up cues to attention, turn-taking,
aesthetics, emotions and can provide additional information, e.g. in detecting decep-
tion. Hand gestures and body movement complement speech at both conscious and
unconscious levels as emotions modify the interpretation of language. Communica-
tion is achieved through a complex and dynamic dialogue where body movement
complements spoken language.

The sense of embodiment is a significant dimension in the learning process via
synchronous media. The embodied perspective maintains that knowledge during
online synchronous meetings is generated by complex and dynamic human com-
munication. Technology-enhanced learning can be seen as both online embodiment
(when being there in real-time) through synchronous media such as synchronous
video communications or augmented reality, and offline embodiment (when video
or holograms are played back as embodied memories).

Video-conferencing technologies are widespread and provide adequate support
for synchronous communication with the ability to ‘see faces’ and read ‘honest sig-
nals’. Holoportation in augmented reality environments offers the educator a more
realistic means of synchronous communication where online presence and commu-
nication can be enhanced by the ability to perceive honest signals in a more natural,
humanmanner.While virtual reality environments can offer a sense of presence and a
feeling of immersion in the environment, it is much more difficult to transmit honest
signals. However, haptic technologies provide an opportunity for tactile perception in
online environments—a feeling that cannot be achieved through video-conferencing
or holoportation.
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These technologies present opportunities and challenges to educators in their
integration into online education. Emerging technologies offer educators new oppor-
tunities to reduce alienation in students and enhance learning experiences by improv-
ing a sense of presence or a sense of place. Communications between learners and
tutors can be enhanced by improving ‘honest signals’ and a sense of belonging.
The implications of using emerging synchronous communications technologies are
that educators need to understand how to ‘set the stage’ for communications and
understand the cultural and social context, including relevant theories surrounding
presence, honest signals and embodiment. The challenge for educators is not just to
keep up with the advances of new technologies but also to understand learning theory
and the potential uses of the technologies in online education. As a result, opportu-
nities for professional development and sharing experiences and knowledge about
how to use these technologies in online teaching are invaluable to online educators.

Further research is needed to investigate the sense of presence in emerging tech-
nologies in distance courses and to map the uncharted field of tele-presences. The
Tele-proximity theory may be used to assist educators and policymakers to make
informed decisions and design online courses that address the human need to com-
municate visually. Tele-proximity theory was developed based on research into syn-
chronous video-conferencing in online education butmay be applicable for other syn-
chronous media so further research is needed in this area. As holographic technolo-
gies and holoportation become more affordable and integrated into online teaching,
further educational research is required to evaluate its effectiveness and to enhance
understanding amongst educators about suitable learning theories and appropriate
use of these technologies. The emergence of haptic suits that provide a more realis-
tic tactile experience has great potential for training applications in some areas and
further research is also required to fully understand how and when this emerging
technology can be exploited.

A Glossary of Terms

Augmented Reality Technology that enables the real world to be enhanced with
additional computer-generated information that is perceived at the same time

Avatar A computer representation of an individual that is used in online games or
virtual reality environments

Haptics Interaction with a computer that involves the sensations of touch and
movement that would be felt by a user interacting with objects in real world

Holograms An image that is projected in 3D and which can be seen in real-life
environments

Holoportation Immersive technology that enables the capture and transmission of
high-quality 3D images from one place to another where remote participants can
see and hear them, through augmented reality, as if they are present

Presence or Telepresence A perception, or sense of being there in virtual environ-
ments
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Synchronous Video Communication (SVC) Real-time communications with
video and audio, i.e. video-conferencing

Tele-proximity Online embodiment that explains how instructors and students are
connected in synchronous networked environment via tele-operations
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Chapter 17
Designing and Implementing Adaptive
MOOCs

Haipeng Wan and Shengquan Yu

Abstract MOOCs, as an innovative learning method, allow learners with different
educational backgrounds, learning abilities and learning needs to participate in the
same course. However, the content of the currentMOOCs is fixed. The organizational
concept of MOOCs is “one size fits all”, which can no longer meet the individual
needs of learners with heterogeneous and diversified characteristics. To address the
above problems, the study puts forward the concept of adaptive open course from the
perspective of discipline knowledge adaptation, including dynamic generation and
evolution, sociality, semantic aggregation, choice and customization, consistency
and continuity, openness of learning data and adaptive mechanism and so on. Then,
the study elaborates the process of constructing and implementing adaptive open
course from two aspects: content organization structure and the design and imple-
mentation of the prototype, which is expected to provide reference for designers and
implementers of MOOCs.

Keywords MOOCs · Adaptive MOOCs · Hybrid MOOCs · Discipline
knowledge · Learning cell knowledge community

17.1 Introduction

MOOCs have experienced a period from its birth to its explosive development and
from the platform construction to the calm thinking. MOOCs, as a new way of
learning, are open, large-scale, free, networked, and participatory (Kop, 2011), which
are different from traditional online courses and open educational resources and allow
learners with different educational backgrounds, learning abilities and learning needs
to participate in the same course at the same time. This new online educationmodel is
making a profound impact on global education. However, a lot of problems still exist
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inMOOCs, such as high enrollment rate and low retention rate (Belanger&Thornton,
2013; Laverde et al., 2015), large-scale visits but no large-scale learning (Yu &Wan,
2014), no difference in teaching methods between MOOCs and conventional face-
to-face or distance courses, technical support platform just being a tailored version
of the traditional learning content management system (García-Peñalvo et al., 2017;
Gros & García-Peñalvo, 2016).

The fact that the fixed content and one-size-fits-all organization cannot meet the
needs of diversified learners has led researchers to think about how to provide adap-
tive MOOCs. Wu (2017) proposed that the course should not be the static content or
result, but be a process of dynamic change. During the changing process, the course
would be updated to meet the development needs of each student. The adaptability is
even more necessary for large, heterogeneous, and diverseMOOCs (Esteban-Escaño
et al., 2017; Sein-echaluce et al., 2011), which is expected to bridge the huge gap
between the popularization and heterogeneity of MOOCs. Studies demonstrated that
providing adaptive learning materials based on learning styles in the learning man-
agement platform could significantly reduce learning time under the condition of
obtaining the same academic performance and completing the same tasks (Kinshuk,
2007). In view of the current shortcomings on cMOOC, xMOOC and hMOOC,
García-Peñalvo et al. (2017) proposed adaptive hybrid MOOC (ahMOOC). Then
they conducted the application practice based on iMOOC platform, which demon-
strated that the courses based on ahMOOC mode had a higher completion rate.
Different from the resource organization in the previous MOOC mode, all course
resources in ahMOOC mode were organized by dynamically updated knowledge
map, allowing different participants to choose different learning paths, and different
learning content resources and course certificates were adapted to different learning
paths. Nevertheless, the adaptability provided by ahMOOC mode was still a variety
of preset learning paths, and the adaptive mechanism was also not open to learners.
At the same time, the knowledge map in ahMOOC was mainly used to update the
learning resources in different courses and ignored the learners’ master level of the
knowledge behind the learning resources, thus failing to realize the high-level adap-
tation to the learners’ individual knowledge level. Therefore, from the perspective
of discipline knowledge adaptation, this chapter will discuss the core features and
content organizational structure of adaptive MOOCs, and take the prototype support
system as an example to elaborate the course adaptation process.

17.2 The Core Characteristics of Adaptive MOOCs

Traditional courses are often static and closed, which usually guide the learners
to learn in a fixed order and present the same content, learning activities, learning
sequence without taking the differences of different learners into consideration. For
this reason, many effective adaptive and personalized course design mechanisms
have been proposed, including adaptive course content presentation, adaptive course
learning navigation, and personalized course learning sequence (Chen, 2008). With
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the development of pervasive computing technology, semantic technology, and learn-
ing analysis technology, the connotation of the adaptiveMOOCs has been deepening
and developing. In the future, adaptive MOOCs will have a higher level of flexibility
and openness, including the adaptation of course content, course structure, course
evaluation, learning process and the open of the construction of content, manage-
ment, assessment, access and adaptationmechanism (Fig. 17.1). The source of course
content is not limited to teachers, but allowing learners, educational and scientific
research institutions to make contribution to the content. The learning process and
management mode become open and free, and the course content has established
semantic association with the discipline knowledge. Then, the course support plat-
form could automatically provide suitable learning evaluation standards, learning
time, learning methods, and learning process according to learners’ different learn-
ing needs and learning context. With the suitable learning evaluation standard, the
learners would get their own discipline knowledge learning status which was used to
aggregate and reorganize the contents of the unit (different learners having different
learning content on the number of units), unit of learning sequence (different learners
having different learning content unit order) as well as the learning network. All of
these adaptive services would be visualized in a way that is consistent with learners’
learning style, learning mood, learning context, and learning devices.

Specifically, the core features of future adaptive open courses will mainly be
embodied in six aspects: dynamic generation and evolution of content, sociality of
content, semantic aggregation of structure, selectivity and customization, continuity
of design, openness of learning data and adaptation mechanism.

break up
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Fig. 17.1 Construction of adaptive MOOCs
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17.2.1 Dynamic Generation and Evolution of Content

The currentMOOCs basically follow the design and developmentmodel of the online
course. The lecturer or teaching assistant pre-sets the content and learning activities
of the course in advance, and then opens the course to online learners within a
certain time. The established courses are basically fixed in the follow-up teaching
and learning process, andwill not be adjusted according to the different content of the
course and learning activities according to the learner. Then, this course development
mode brings a lot of problems, such as the slow update of the course content, the
closed structure of the course, and the time-consuming and laborious effort for course
development.

Adaptive MOOCs will break the traditional practice of unchanging online course
content, in which the course teacher or teaching assistant will no longer be the sole
contributor to the course content. AdaptiveMOOCswill not only provide the content
of free access for learners but also provide learners with convenient course content
editing, learning activity design, and knowledge contribution. In the process, the
learners would be able to participate in sharing, disseminating and contributing to
their own wisdom and get different experiences of both the teacher (producer) and
the student (consumer) roles. At the same time, adaptive MOOCs relying on the
discipline knowledge behind the course will obtain the course content and resources
that meet the target knowledge requirements from the external network based on
the semantic crawler technology. In addition, with the continuous participation and
increase of course learners, the adaptive MOOCs will gradually evolve to generate
different versions of the learning objectives, support different teaching modes and
learning methods, meet different media format requirements, and adapt to multiple
versions of different learning devices for learners with different levels of learning
ability and different learning needs.

In order to ensure the high quality and order of course content generation and
evolution, it is necessary to have a mechanism to detect and monitor the quality level
of generated content. Only new content that reaches a certain quality threshold can be
included in the formal course content. The automatic implementation of this mecha-
nism relies on more accurate and efficient content similarity calculation technology
and content version control technology. By separately extracting the feature vectors
of original content and new content, the similarity of the two vectors is calculated
as the judgment of the quality level of the new content. When the quality of the
new course content reaches a preset threshold, the new content can be added and
the course content forms a new version which serves as a scaffold to understand the
evolution of course content. In terms of content generation and evolution research,
Yang (2015) proposed a content evolution intelligent order control technology based
on semantic gene and social trust evaluation model. The key technology is to calcu-
late the credibility of the new content based on the semantic similarity information
between the newly added content and the current content and the contributor trust
value.
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17.2.2 Sociality of Content

With the information and knowledge rapidly growing and updating, no individual
can access all the information and master all the knowledge. The “pipeline” for
information and knowledge sources is obviously more important than information
and knowledge itself (Yu & Chen, 2011). Therefore, the adaptive MOOCs need to
fully consider the social factors of people in addition to the roles of producers and
consumers as materialized learning resources. People should become an important
part of the content of adaptive MOOCs.

The social nature of the learning process and the learning content are also fully
reflected in the learning concept of Connectivism which emphasizes that learning
is no longer limited to individual activities, but a process of establishing connec-
tions with specific nodes or information resources (Siemens, 2005). Through the
connection of such nodes, a close connection will be created between individuals in
the learning process, which is also served as an important medium for knowledge
generation and dissemination. In the process of constructing adaptive MOOCs, it
is necessary to pay attention to the construction of knowledge content network and
social network. The construction of social network is the key to effective learning,
because it is convenient for learners to communicate and seek the most suitable
help by gathering the most relevant learning peers and the most authoritative expert
network that will help to reduce loneliness in learning process.

The construction of the knowledge content network is relatively simple and has a
relatively mature method, which can be realized through the catalogue system, dis-
cipline knowledge, keywords, labels, etc. But how to effectively sort out the various
learning interactions generated during the learning process and then construct the
social network has become the key issue. First of all, it is necessary to systemati-
cally sort out the types of direct learning interactions that may exist between learners
and course content, learners and learners. Then, utilizing the semantic technology to
represent the learning interaction behaviors in the form of triples. After that, the dis-
cipline experts will be mined behind the course content based on the existing related
information between the course content and the learner’s learning performance and
presented to the learners in the form of social interpersonal resources.

17.2.3 Semantic Aggregation of Structure

In the current MOOCs, there are too many contents with strong logic in a single lec-
ture which requires learners to learn it together and goes against the characteristic of
fragmented, miniaturized in mobile era. The adaptive MOOCs will no longer be the
large and comprehensive class time content like the traditional MOOCs, but being a
micro-course group composed ofmanymicro-courses. Eachmicro-course has a com-
plete teaching structure, includingminiaturized learning resources, learning activities
for promoting knowledge internalization, learning evaluations for providing timely
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feedback to learners, and learning certification (Yu&Chen, 2014). Themicro-course
in the micro-course group is not disordered but is organized and managed based on
knowledge graph. The knowledge graph includes discipline knowledge, semantic
and logical relationships between this discipline knowledge and establishes associa-
tionswith specificmicro-course. Based on the relationship between knowledge graph
and micro-course, it is possible to automatically establish the connections between
different micro-courses by using the semantic reasoning and association aggregation
techniques. In this way, it is convenient to reorganize the content structure between
different micro-courses according to specific teaching needs and learning context
and to aggregate and generate micro-course groups for different learning objectives
and different learning groups.

17.2.4 Selectivity and Customization

The adaptive MOOCs will provide learners with more choices. For learning the
content of the same discipline knowledge point, the learner is allowed to choose
different learning time, different learning objectives, different instructors, different
media formats, different learning sequences, different learning contents, different
learning activity design, different learning strategies, different presentation meth-
ods, different learning methods, different learning scenarios, etc. The learners could
also selectively learn according to their actual learning conditions to improve the
efficiency of learning. At the same time, the adaptive MOOCs will also allow learn-
ers to choose the learning evaluation according to the different learning objectives
selected, and break the traditional one-size-fits-all evaluation model.

In addition to providing choices for the various elements of course, the support
platform of adaptive MOOCs will provide a variety of customized and analytical
services for learners, teachers, and administrators. For learners, they will be allowed
to personalize their course functions, course content templates, course learning tools,
course learning paths, course page layouts, and color styles according to their indi-
vidual learning preferences or habits. For teachers and administrators, they will be
allowed to customize the analysis services according to their own needs, such as
class learning defect analysis, class advantage analysis, student learning difficulties
mining, and comparative analysis for inter-school of different regions.

17.2.5 Continuity of Design

The learning process is beyond the learning context, and the learning experience
is seamless. Learners’ learning experience can be continued in different learning
situations as long as learners are curious about the situation (Chan et al., 2006). This
requires that the design of the entire adaptive MOOCs is consistent, i.e., different
learning content can adapt to different learning contexts. Therefore, the adaptive
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MOOCs should not only keep the continuity of the course content and the learning
process, but also maintain the continuity between the discipline knowledge points
behind the course content to realize the continuity of the learning interaction process
data gathering between the formal learning and the informal learning environment,
the learning process of online and offline learning and the learning experience in
different learning contexts.

Interaction data collection technology, data synchronization technology, context-
aware technology, and adaptive reasoning technology are the premise and basis for
achieving course consistency and continuity. The interaction data collection tech-
nology can collect the procedural data generated by the learner during online and
offline learning, and store the learning record in a unified format to ensure the scal-
ability and cross-platform for the learning record. For example, the next-generation
SCORM interface specification, the Experience API, uses the Learning Record Store
(LRS) mechanism to describe and store the learning activities in the form of “Actor
+ Verb + Object”, which could be shared between different learning systems (Li
& Kong, 2013). The data synchronization technology can ensure the integration of
learning data generated by learners in different learning modes, including real-time
recording and storage of online learning process data, real-time saving and timely
uploading of learning process data in offline state, timely entry and uploading the
offline learning process data. The context-aware technology needs to use the GPS
location service function, wearable devices such as Google Glasses, and context
sensors to sense and acquire the learner’s current learning context information in
real-time, and then transmit it to the adaptive reasoning engine. After receiving the
context information, the adaptive reasoning engine will extract the specific content
and activities according to the previous learning evaluation information of the learner
and then arrange the content and activities in a specific sequence to suit the learning
context and learning level.

17.2.6 Openness of Learning Data and Adaptation
Mechanism

Adaptation refers to the adaptation of the body to the environment, which is the
process of individuals changing themselves according to changes in environmen-
tal conditions and achieving balance with the environment (Gu, 1998). Bian & Xie
(2009) proposed the problem of “two-way adaptation” in the adaptive learning sys-
tem, that is, the learner’s adaptation to the system and the system’s adaptation to
the learner. Therefore, it can be seen that the adaptability of the course should not
only include the support system of the course to make timely adjustments to the
content, structure and presentation form according to the different personality of the
learner, but also the learner’s individual to actively adjust their psychological state,
and actively select and customize the learning support service in line with the current
learning context on the premise of knowing the principle of curriculum adaptability.
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Although the recommendation function provided by some support platforms of
MOOCs can give learners a choice to some extent, this choice is still a passive form
of choice. The principles and mechanisms behind the course are mostly closed. The
principle of adaptation is a “black box” for the learners and the learner does not know
the specific content of the principle. However, constructivist learning theory believes
that allowing students to view the course or the system’s assessment for themselves
could provide students with opportunities for reflection and self-evaluation, which
will increase the learner’s reflective awareness of the knowledge, learning difficulties
and learning process (Zhang et al., 2010). In this way, it is necessary to break the
closeness of the course adaptation principle and open up some or all of the principles
to the learner, and then improve the scientific nature of the learner’s self-selection
and customization of the learning support service.

On the one hand, the realization of the two-way adaptability of the curriculum
depends on a variety of adaptive learning support services. On the other hand, it
relies on the way to present the implementation mechanism and learning data to
the learners. Recently, many studies focus on the design and implementation of the
adaptive learning support services and ignored the latter’s related research. In the
future, adaptive MOOCs will focus on the opening of the adaptation mechanism
to learners, showing the logic of the mechanism to the learners in a visual form,
the process and results of the course learning data analysis. Only in that way can
learners truly understand the principles of adaptation andmake reasonable judgments
and choices to achieve success.

17.3 The Content Organization of Adaptive MOOCs

Adaptive MOOCs will be structured and componentized on the basis of discipline
knowledge and learning context (Fig. 17.2). Adaptive MOOCs include learning
content, learning activity and learning evaluation, which are associated with each
other. Learning contents and learning activities are associatedwith specific discipline
knowledge and learning context.

Adaptive MOOCs break up the content of courses in the form of micro-
components, and adaptively aggregate and reorganize the content according to the
corresponding elements in different stages of learning. Before starting the learning,
the course would conduct the analysis of the initial ability, learning goals, personality
characteristics (such as gender, cognitive style, learning context) of learners, and then
according to the different teaching modes, dynamically generated learning content,
learning activities, learning evaluation and learning sequence according to different
types of learners. In the learning process, the generated course for specific learn-
ers would also make dynamic feedback and adjustment according to the cognitive
status and knowledge structure formed by learners in the learning interaction pro-
cess, including adding or subtracting learning content, adding or subtracting learning
activities, changing learning evaluation, optimizing learning order, etc. At the end of
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the learning, the course could also provide remedial courses and subsequent courses
for learners according to their learning outcomes and weaknesses.

17.4 Prototype Design and Implementation of Adaptive
MOOCs

Learning Cell is an organizational model of new learning resources that supports
ubiquitous learning and has the characteristics of generativeness, openness, connec-
tivity, cohesion, evolution, intelligence, miniaturization, and self-tracking (Yu et al.,
2009). Based on the concept and technical framework of the adaptive MOOCs, our
team explored the adaptive MOOCs prototype design by utilizing the Learning Cell
Knowledge Community. The adaptive MOOCs prototype could support the collab-
orative editing of content, open and layered learning evaluation, course organization
based on discipline knowledge, the generation of social cognitive networks, the
integration of multiple learning devices, and the visualization of adaptive services.
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17.4.1 Collaborative Editing of Content

Different from the existing MOOCs learning platform, the Learning Cell Knowl-
edge Community allows any user to create learning content, enriching and open the
source of the course content. For the specific content, there is no fully solidified role
division between the creator of content (like teacher) and the reviewer of content
(like learner). For the courses in the Learning Cell Knowledge Community, learners
are free to edit the learning content and design the learning activities in the process
of learning. At the same time, for the content edited by the learner, the Learning
Cell Knowledge Community has a complete set of credibility calculation and eval-
uation mechanism to detect the quality level of the new added content, and then
decide whether the content can be included in the content system of the course and
whether new version of the course should be generated. In addition, the Learning
Cell Knowledge Community also provides a comparison function for historical ver-
sions of different course contents, which is convenient for teachers and learners to
compare the differences between different course content versions and to view the
evolution of course content (Fig. 17.3).

17.4.2 Open and Layered Learning Evaluation

The Learning Cell Knowledge Community realizes open and layered learning evalu-
ation, in which the subjects and items of evaluation are diverse. Both course teachers
and learning peers in the learning process can make evaluation. The items of eval-
uation include both regular content browsing, content and resource downloading
and also participation in learning activities and contributions to the content of the
course. At the same time, the Learning Cell Knowledge Community opens up the
construction of the course learning evaluation program. It allows the course assistants
and collaborators other than the course teachers to adjust the evaluation modules,
the weights of the evaluation modules, the evaluation items, and the weights of the
evaluation items. Even more, it supports to create a hierarchical evaluation for learn-
ers with different learning abilities. In the hierarchical evaluation, each evaluation
scheme could have different evaluation modules and items and their weights. At the
beginning of the course, the learner is allowed to choose an evaluation scheme that
suits his or her ability level, and as the learning progresses in the learning process if
the selected evaluation plan is found to be inappropriate, the learner can choose to
apply for the exchange (Fig. 17.4).
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17.4.3 Course Organization Based on Discipline Knowledge

The Learning Cell Knowledge Community constructs the semantic relationship
between course content and learning activities, course content and discipline knowl-
edge points, and their learning objectives, learning activities and discipline knowl-
edge points. A one-to-many relationship can be established between course con-
tent and learning activities, course content and discipline knowledge points. Many-
to-many associations can be established between learning activities and discipline
knowledge points. The same discipline knowledge points can be with different learn-
ing objectives in different learning contents. The course teacher can add discipline
knowledge points by manually inputting or selecting from knowledge ontology
library of the Learning Cell Knowledge Community, and then set the grade level
to which it belongs to, the required learning goals, and the description information
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of the association. At the same time, the association established by manual control
need to be voted by the user’s credibility before it becomes a formal association.
Subsequently, the course teacher can select the appropriate knowledge points from
the associated knowledge points with the course content to establish association with
the learning activities, and set the corresponding association weights, as shown in
Fig. 17.5. Based on the semantic relevance information between the course content,
learning activities and discipline knowledge, the course content and learning activi-
ties in the Learning Cell Knowledge Community can be dynamically aggregated and
reorganized to form a course for different learning objectives.

17.4.4 Generation of Social Cognitive Networks

Based on the semantic relationship between course content and discipline knowl-
edge, the Learning Cell Knowledge Community dynamically builds a knowledge
network between course content. At the same time, the Learning Cell Knowledge
Community also regards people who participate in the course content interaction as
an important learning resource, and dynamically calculate the relationship between
the people involved in the interaction (such as creation, editing, collaboration, col-
lection, annotation, commenting, downloading, and adding as a friend) and form
the interpersonal network. With the continuous deep interaction between people and
content and between people and people, the social cognitive network is generated by
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combining knowledge network with interpersonal network, as shown in Fig. 17.6,
which is convenient for learners to find the interested material and interpersonal
resources.
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Fig. 17.6 Social Cognitive Network
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17.4.5 Integration of Multiple Learning Devices

Online learning should be independent of time and space, and the learning process
experience should be consistent and continuous. TheLearningCellKnowledgeCom-
munity supports learners to use different learning devices for open access to course
content and participation in course activities. The learning process interaction data
generated on each learning device in different contexts are recorded in the informa-
tion pairs by using the technical framework of xAPI. The course content and learning
activities in different learning devices will be adapted according to the context, as
shown in Fig. 17.7.

17.4.6 Visualization of Adaptive Services

The Learning Cell Knowledge Community utilizes the collected learning process
data, calculates the learning state of the learner based on the learning evaluation
scheme and mines the learner’s knowledge structure, and constructs a visualized
personal learning cognitive map of the learner (Wan & Yu, 2017). Then, based on
the learning cognitive map, the Learning Cell Knowledge Community provides the
learner with the most suitable course content, learning path and learning companion,
and the adaptive mechanism. The most suitable learning content recommendation
mainly considers the different learning status of the learners and recommends the
course content and learning activities that associate with the unqualified discipline
knowledge. The most suitable learning path is based on mining the prerequisite
relationship between the acquired knowledge points and then generate the learning
sequence of the knowledge points which excludes the achieved knowledge points.
The most suitable learning companion is formed by calculating and sequencing
the similarity between any two different learners’ learning cognitive maps. All the
adaptive services are shown in visualization format (Fig. 17.8).

17.5 Conclusion

In the perspective of discipline knowledge adaptation, this chapter put forward the
core characteristics, architecture and realization technology of adaptive MOOCs,
and implemented the adaptive MOOCs based on Learning Cell Knowledge Com-
munity. In the future, adaptive MOOCs will place more emphasis on miniaturiza-
tion and fragmentation and allow learners to learn the content of courses according
to the individual learning time and learning needs of learners. Currently, relevant
MOOCs support platforms have started to provide digital badge certification, self-
pacedMOOCs for multi-level learners. In the future, MOOCs will be more open and
apply the mechanisms of adaptive learning navigation, adaptive learning evaluation,
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personalized learning path, diversified resource forms, precise guidance, and feed-
back. More research is needed on adaptive MOOCs to make MOOCs more effective
and to personalized learning.

Glossary of Terms

MOOC Massive Open Online Course.
cMOOC TheMassive Open Online Course which is designed based on the learning

theory of Connectivism.
xMOOC TheMassive Open Online Course which is designed based on the learning

theory of Behaviorism.
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hMOOC TheMassiveOpenOnlineCoursewhich is designed based on the blending
learning theory.

Adaptive MOOC The Massive Open Online Course whose content and structure
can be changed according to the learning need of learners.

Learning Cell Learning resource with collections of content items, activity items,
service items and their semantic descriptions based on a single learning objective.
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Abstract Recognizing the importance of reading, the EU Education and training
2020 (ET 2020) benchmarks set in 2009, included having less than 15% of 15-year-
olds being under-skilled in reading by 2020 as one of its main targets. Unfortunately,
while some EU countries have since made significant progress toward improving
their students’ performance in reading skills, other countries are still lagging behind.
In an attempt to respond to this challenge and to address the under-achievement of
European students in reading, the EU-funded Living Book—Augmenting Reading for
Life project has developed an innovative approach that combines off-line activities
promoting reading literacywith online experiences of books’ “virtual augmentation.”
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secondary school (ages 9–15), which aims at strengthening teachers’ profile and
competences in adopting the Living Book approach and in dealing with diversified
groups of learners, and particularly with pupils from disadvantaged backgrounds has
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18.1 Introduction

Recent technological advances have provided the opportunity to create an entirely
new learning environment that can boost students’ reading engagement by signifi-
cantly increasing the range and sophistication of possible classroom activities. One
promising approach lately explored is the use of augmented reality (AR). This con-
cept has gained a growing interest among researchers during the past few years,
especially in the field of education (Cheng and Tsai 2014; Dünser 2008; Gandolfi
et al. 2018; Ibáñez and Delgado-Kloos 2018; Lytridis et al. 2018). In particular, AR
books, which combine physical books with the interactive potentials provided by
digital media, constitute a playful and engaging way for enhancing teaching and
learning. Most importantly, through the integration of text, audio, 2D illustrations,
3Dvirtual content and animation,ARbooks canmeet students’ diverse needs and dif-
ferent learning styles. For instance, visual learners’ needs can be addressed through
2D and 3D illustrations, while auditory learners can hear sounds throughout the
book and kinesthetic learners can engage in tactile activities utilizing mobile devices
(McNair and Green 2016). In line with this, Rohaya et al. (2012) have stated that
a static story experience can be transformed into a dynamic and engaging reading
experience through the incorporation of AR into a physical book. It is then possible
that AR books, being a physical means of interaction, can lead students to intu-
itive utilization of paper books through the assistance of AR (Hornecker and Dünser
2009).

The EU-funded Erasmus+/KA2 project TheLiving Book—AugmentingReading
for Life project (September 2016–August 2019)was proposed in an attempt to exploit
the affordances of AR and other emerging technologies in order to address the under-
achievement of European students aged 9–15 in reading skills. Its overall aim is to
increase young people’smotivation to reading,while also promoting a cluster of other
key and transversal competencies in students (e.g., digital skills, critical thinking, and
cooperative skills). Living Book aspires to achieve this through the development of
a novel pedagogical approach that combines off-line activities promoting reading
literacy with online experiences of “virtual augmentation” of a book and with social
dynamics.

The Living Book consortium, which is comprised of nine partner organizations
originating from six different European countries (Cyprus, Estonia, Italy, Romania,
Portugal, and UK), has been reaching out to teachers to inform them about new
technological developments that could be utilized in schools to augment students’
reading experience with rich media content. Through a combination of open educa-
tional resources (OER) and involvement in professional learning activities, Living
Book has been contributing toward strengthening the profile and competences of
European teachers in adopting standards-based practices and dealing with diversified
groups of learners, and particularly with pupils from disadvantaged backgrounds. A
Living Library (http://thelivinglibrary.eu/) supports the project activities by offering
students and teachers with online tools to augment the reading experience with rich

http://thelivinglibrary.eu/
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media content. The Living Library also hosts a social community of “Augmented
Teachers” and “Augmented Readers” across Europe.

A main output of the Living Book project is a professional development pro-
gram targeting teachers of upper primary and lower secondary school (ages 9–15).
The course has been jointly designed by a multinational consortium of educators,
representatives of teachers’ organizations, experienced distance-learning instructors,
authors of technology-supported courses, and technicians, in order to ensure consid-
eration of all different perspectives into its design. The course design has been based
on the importance of dialog and collaboration among teachers and researchers, and
of inquiry and exploration as a process of knowledge construction. Particular care
has been taken to build on teachers’ knowledge and workplace experiences.

The current chapter provides an overview of the “Augmented Teacher” profes-
sional development course. It also describes the course content and structure, and
reports on some of the experiences gained from its pilot delivery that took place in
one of the partner countries, Cyprus.

18.2 Background

While AR and other emerging technologies present some exciting opportunities for
augmenting students’ reading engagement and learning, their introduction into the
classroomdoes not comewithout challenges.Careful strategic planning and reflective
implementation grounded in solid research are necessary, for such technologies to
be effectively integrated within school systems to enhance learning opportunities for
all learners. This should focus on the broad preparation and ongoing engagement of
all key stakeholders involved in the educational process (prospective and practicing
teachers, teacher educators and other college faculty, adult educators, educational
leaders, and technical managers). These professionals should be helped to recognize
the added value of ground-breaking technologies such as AR for books, and their true
potential for improving teaching, learning, and assessment, and should be informed
about best practices in their exploitation as instructional tools.

The provision of high-quality teacher training, in particular, is of paramount
importance, since the change in teaching practices is always one of the main fac-
tors in any educational change. A number of studies have asserted that it is much
more demanding for teachers to exploit the growing prominence of AR and other
digital technologies and their transformative potential in instructional settings than
was originally anticipated and that many teachers remain unprepared to effectively
employ ICT tools in their teaching practices (e.g., Blackwell 2014; Ertmer et al.
2012; Sanders and George 2017). Thus, to bring about the necessary changes in
teaching cultures that will enable education to reap the full benefits of AR, it is of
utmost importance to provide teachers with high-quality pre-service and in-service
training opportunities that will equip them with the required knowledge and skills
to effectively infuse AR and other emerging technologies into teaching and learning
(Dunleavy et al. 2009; Okada et al. 2018; Solak and Cakir 2015).
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The literature suggests that many gaps exist in the preparation of pre-service and
in-service teachers for ICT integration (Haydn andBarton 2007). One common prob-
lem of teacher education identified in the literature is the lack of content-area rele-
vance and inadequate transfer of technology skills to instructional strategies (Cheng
and Zhan 2012). An important consideration of any model of professional devel-
opment is whether it is useful and supportive of teachers’ efforts to improve their
teaching practices (Whitaker et al. 2007). Historically, professional development
efforts have largely been ineffective in producing reform-based classroom change
(Templin and Bombaugh 2005). As Robinson (1998) points out, staff development
often fails to transfer to the participants’ workplace situations, because it might be
too remote from “real-work” needs or organizational realities.

Recently, there have been calls for reforms in teacher education on technology
integration, to better prepare teachers to effectively utilize computers in teaching
with a sound pedagogy (Niess et al. 2009). Different frameworks have been pro-
posed on how to shift the focus from teaching technology to using technology
to enhance learning. One such framework is technological pedagogical content
knowledge (TPACK), the influential conceptual framework proposed by Mishra and
Koehler (2006) in response to the absence of theory guiding the integration of tech-
nology into education. Building on Shulman’s (1986) idea of pedagogical content
knowledge, TPACKemphasizes the importance of developing integrated and interde-
pendent understanding of three primary forms of knowledge: technology, pedagogy,
and content. The framework is based upon the premise that effective technology
integration for pedagogy around specific subject matter requires developing under-
standing of the dynamic relationship between all three knowledge components. Thus,
teacher ICT training cannot be treated as context-free, but should be accompanied
with emphasis on how technology relates to the pedagogy and content (in our case
teaching literacy and literature).

TPACK has, in recent years, become central to research into technology education
and teacher professional development in many different disciplines (e.g., McKenney
andVoogt 2017; Schmidt andGurbo 2008; Tondeur et al. 2013;Voogt andMcKenney
2016). In the area of literacy education, several studies targeting pre-service and/or
in-service teachers undertaken during the past decade have been grounded in the
TPACK model (e.g., McKenney and Voogt 2017). Conducted studies illustrate the
usefulness of TPACK as a research framework for facilitating and assessing teachers’
professional growth in the instructional use of ICT for the development of students’
literacy in young learners. As suggested by the literature, better understanding of
TPACK among pre-service and in-service teachers can help enhance integration of
technology in their teaching practices, and this, in turn, can foster early literacy.

Despite the usefulness of the generic TPACK model, some limitations and chal-
lenges do exist. Phillips (2016), in particular, has pointed the basic TPACK model’s
individual-oriented focus as a drawback, since it fails to take into account the socially
mediated contexts in which teachers develop their TPACK. Phillips (2016) considers
TPACK not as an individually acquired attribute but as an embodied phenomenon
shaped by social, organizational, and cultural factors extending beyond individuals.
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18.3 “Augmented Teacher” Course Design

18.3.1 Pedagogical and Didactic Approach

Following the main premises of the TPACK conceptual framework, the “Augmented
Teacher” course has been designed to help teachers move beyond technocentric
strategies that focus on the technology rather than the learning (Mishra and Koehler
2006) and to promote their critical reflection on the instructional use of AR and other
technologies for enhancing learners’ reading experience. In accord with Phillips’
(2016) revised TPACK model, the basic TPACK model has been enriched with the
addition of the components of communities of practice (Wenger 1998) and school-
based teacher development (McLaughlin and Talbert 2006). Rather than adopting
a transmission-of-knowledge instructional model, the “Augmented Teacher” course
has been designed to facilitate inquiry and problem-based learning.

The course design aimed at the creation of a constructivist social setting, where
teachers are the main agents of their professional development, facilitated by an
environment rich in challenges, interactions, and collaborations. Particular empha-
sis has been put on drawing upon and extending teachers’ workplace experiences.
Participants’ training on the Living Book approach is followed by classroom experi-
mentation, where they apply the use of literacy-related AR pedagogical approaches
in their classrooms. We believe that this can help to further determine the actual
educational potential of the augmented reading pedagogical approach adopted by
Living Book.

18.3.2 Course Content and Structure

The “Augmented Teacher” course aims to develop upper elementary and middle
school (ages 9–15) teachers’ knowledge and skills in teaching using the Living Book
approach, so as to enrich children’s experiences in reading. Central to the course
design is the functional integration of technology with existing core curricular ideas,
and specifically, the integration of augmented reality and other technology-enhanced
tools and resources provided by the Living Library platform.

The course is made of eight modules, covering the following topics:

• Module 1: The Living Book approach, why it is important to motivate to reading
and to augment books. The learning outcomes (in person)

• Module 2: Pedagogical basis to teach to read (in person)
• Module 3: Motivating disengaged pupils from groups at risk (in person)
• Module 4: Using the Living Library platform and exploring the tools available
(video classes)

• Module 5: How to apply the Living Book Approach in the classroom and how to
match it into the curriculum (in person)



302 M. Meletiou-Mavrotheris et al.

• Module 6: Assessing the reading skills and the competence of the “Augmented
Reader” (in person)

• Module 7: Preparing for, conducting, and reflecting on the teaching experimenta-
tion (guided-field practice)

• Module 8: Practical course tasks, self-assessment of learning outcomes and self-
generation of the Augmented Teacher Certificate (interactive resource).

The course is being delivered using a “blended-learning”method.At the beginning
of the course teachers in each country gather together to attend a series of face-to-face
seminars familiarizing them with the project philosophy, objectives, and resources.
Teachers are introduced to the objectives and pedagogical framework underlying
the course and get familiarized with the technological tools and facilities offered by
the Living Library. More importantly, they get the chance to meet and interact with
one another, share issues and problems, as well as exploit the course facilitators’
presence to ask questions about things they are unsure of. The remainder of the
course is delivered online using the instructional content and services of the Living
Library and of the course dedicated platform for teaching, support, and coordination
purposes. The sites offer access to various tools and resources:

• Living BookGuidelines: E-publication providing teachers (and other stakeholders)
with methodological guidelines to implement Living Book approach

• A Pedagogical Framework and Curriculum Definition: Layout of structure of
different modules, phases, methodologies, and learning outcomes for teachers;
description of main topics to be treated

• Instructional Contents: A line of research-based curricular and instructional
materials used during the professional development course.

• Recorded Teaching Episodes: providing examples of classrooms making use of
the Living Book approach

• Living Book Lesson Plans for Teachers: Plans provide teachers with examples
and ideas on how to integrate the living book methodologies into their classroom
activities

• Collaboration Tools: for professional dialog and support (e.g., online reading
groups, forums, wikis, and chats).

The course curriculum and key contents have been developed in English and trans-
lated into the partners’ national languages (Estonian, Greek, Italian, Portuguese,
and Romanian). They have been culturally differentiated to accommodate local
conditions in each participating country.

A special emphasis of Living Book is on building an online community for the
exchange of ideas, content, tools, and didactic approaches among the educators par-
ticipating in the training. Throughout the course duration, teachers participate in
online discussion forums and reading groups, exchanging experiences, ideas, and
educational resources.
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18.4 Methodology

18.4.1 Context and Participants

The Living Book teacher professional development program, which involves AR-
enhanced learning activities through combined use of e-Learning and physical meet-
ings, was designed during the first 18 months. Following its design, a pilot testing of
the course is currently taking place in each partner country (Cyprus, Estonia, Italy,
Romania, and Portugal). This chapter focuses on the pilot testing taking place in
Cyprus.

A case study design was employed. The case studied consisted of the twenty-six
(n = 26) teachers (23 females, 3 males) that participated in the training. With the
exception of two secondary school teachers, everyone else worked at the primary
school level. Two-thirds had a Master’s degree, while one participant also held a
doctorate. Despite being fairly young in age, participants tended to be experienced
educators with several years of teaching experience. Sixteen teachers (n = 16) had
between 11 and 20 years of teaching experience, while seven (n = 7) had taught for
more than 20 years.

The pilot testing of the course in Cyprus started in May 2018 with a series of
hands-on face-to-face seminars coveringModules 1–6 of the course. These seminars,
which were completed in November 2018, introduced participants to contemporary
theories of learning and to innovative, ICT-augmented pedagogical approaches that
can help diversified groups of learners to develop their reading skills while, at the
same time, also boosting a cluster of other key and transversal competencies (e.g.,
digital skills, learning to learn, critical thinking, and cooperative skills). Special focus
was given to ways of increasing the level of participation and achievement of the
most unmotivated learners from disadvantaged backgrounds.

The seminars consisted of a combination of mini-workshops that included AR-
enhanced and hands-on activities in small groups (5–6 persons), presentations
by experts, role-play, videos documenting learning activities with children, and
discussions. The project Living Library supported the workshop activities.

In the second, still ongoing, part of the course (December 2018–April 2019;
Modules 7–8) the focus has shifted to classroom implementation issues. Participants
have been asked to undertake a teaching experiment, where they activate “Living
Book” didactical paths. They have/will customize and expand upon the lesson plans
and learning materials provided to them, and apply them in their own classrooms.
Local partners have been acting as mentors, providing their support to teachers using
online communication tools.

Once the guided-field practice is completed, teachers will gather together to report
on their experiences to the other teachers, and also provide video-taped teaching
episodes and samples of their students’ work for group reflection and evaluation.
They will apply a critical analysis of their work and that resulting from students, and
exchange insights as to how to further improve their teaching practices and increase
their students’ interest toward reading, and their reading skills and habits.
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18.4.2 Instruments, Data Collection, and Analysis Procedure

The success of the Living Book program in increasing teachers’ level of compe-
tence in cultivating young students’ motivation to reading, while at the same time
building other transversal competences, has/will be evaluated using Guskey’s (2002)
five-level hierarchical model. According to Guskey (2002), professional develop-
ment evaluation should move from the simple (reactions of participants), to the more
complex (student learning outcomes), with data from each level building on the pre-
vious. Based on Guskey’s model, evaluation has/will occur at five levels, employing
a variety of both qualitative and quantitative data collection techniques to gather
information from teachers and their learners, as well as from parents: (i) participant
reactions, (ii) participant learning, (iii) organization support and change, (iv) par-
ticipant use of new knowledge and skills, and (v) student motivation and learning
outcomes. The analysis of the different sources of data obtained/to be obtained dur-
ing the pilot testing and follow-up classroom experimentation has/will inform the
revision of the Augmented Teacher course, and of the accompanyingmethodological
and pedagogical frameworks, and instructional materials and services included in the
Living Library.

For the purposes of this chapter, data collection was restricted to a post-survey
administered to the participants upon completion of the pilot testing of the pro-
fessional development seminars, in order to evaluate the impact of the training on
participants’ attitudes, confidence level, and self-reported proficiency in adopting the
Living Book approach in their teaching practices.

The survey instrument was built based on the international literature and similar
surveys employed in previous studies (e.g., DEC 2012). Most of the questions were
closed-ended, requesting Likert-type ratings or multiple-choice responses. A few
open-ended questions requiring text-based responses were also included to obtain
more comprehensive information. The questionnaire was finalized after being pilot
tested andwas administered in electronic format. Theywere posted viaGoogle Forms
and took about 15–20 min to complete.

Quantitative data obtained from the post-survey were analyzed using descriptive
statistics. The text-based responses were coded and clustered as themes. An inter-
pretive case study approach was employed in the analysis of these data. We did not
use an analytical framework with predetermined categories to assess how teachers’
perceptions and TPACK developed after going through the first phase of the course.
What we attempted instead was to produce a holistic understanding of the research
situation through considering practitioners’ own views and reflections on the model
of professional development adopted by Living Book and its influence on their learn-
ing (i.e., Levels 1 and 2 of the Guskey model). The next section will share some of
these insights.
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18.5 Results

This section outlines themain findings obtained from the analysis of the online survey
completed by participants (n = 26) upon completion of the face-to-face seminars.

Participants were first asked to indicate, using a five-point Likert Scale (1 =
Strongly Disagree… 5 = Strongly Agree), their level of agreement with a number
of statements regarding the training. Table 18.1 indicates (in descending order) the
percentage of students agreeing or strongly agreeing with each statement.

As seen in Table 18.1, everyone agreed that the seminars were well-organized.
They all found both the presentations and the hands-on workshops included in the
seminars to be motivating. They also all agreed that adequate time was devoted
to the presentation and discussion of the underlying topics/issues. All teachers also
believed that the seminars had improved their theoretical and practical knowledge and
skills regarding the educational exploitation of emerging technologies for augment-
ing reading, and agreed that themethodological strategies and approaches introduced
can be implemented in real teaching practice. Almost everyone (25 out of 26 teach-
ers) also agreed that the seminars had provided insights and solutions to practical
issues/problems facing teachers, and also that the tasks and activities they engaged
with during the training, had helped them to develop their ability to adopt the Living
Book pedagogical approach in their teaching.

Participating teachers were prompted to note the aspects of the professional
development seminars that they liked themost. Positive aspects pointed out included:

Table 18.1 Percentage of participants “agreeing” or “strongly agreeing” with each statement
concerning the seminars

Statement % Agreeing or strongly agreeing (%)

The seminars were well-organized 100

The presentations made during the seminars were
interesting

100

The hands-on workshops were motivating 100

Adequate time was devoted to discussion 100

The underlying topics/issues were adequately covered
by the seminar facilitators

100

The methodological strategies and approaches
presented can be implemented in practice

100

The seminars have enhanced my theoretical and
practical knowledge and skills regarding the
educational exploitation of emerging technologies for
augmenting reading

100

The seminars have provided solutions to practical
issues/problems facing educators

96

The tasks and activities included in the seminars have
helped develop my ability to adopt the Living Book
pedagogical approach

96
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• Program innovation/originality
• Focus of program on the promotion of children’s love for books
• Enjoyable learning methods proposed
• Exposure to best practices
• Focus on accessibility and differentiation of instruction
• Good design of the program and use of multiple tools
• Familiarization with AR and other innovative technological tools and with how to
use them in the classroom

• Practical examples and tips on how to integrate the Living Book approach in the
school curriculum

• Familiarization with and use of the Living Library
• Promotion of cooperation between teachers, exchange of experiences with other
teachers and schools in Cyprus and beyond.

The aspect of the seminars that the teachers seemed to have liked the most was
the hands-on workshops. Almost everyone pointed out that the hands-on nature of
the seminars gave them the opportunity to get familiarized with new, innovative
technological tools (e.g., AR tools, QR Codes, text creation tools, comic creation
tools, and digital games), andwithways inwhich these could be exploited to augment
students’ reading experiences. Participants expressed their appreciation for the fact
that a big part of the seminars was led by teachers (from the local primary school
participating in the project consortium) that had already tried out the Living Book
approach in their classrooms, and had useful tips to share.

Respondents were also asked to indicate, again using a five-point Likert Scale,
their level of agreement with each of a number of statements regarding the online
platforms of the “Augmented Teacher” και “Augmented Parent-Trainer” courses
(Table 18.2), and the project Living Library (Table 18.3).

Table 18.2 Percentage “agreeing” or “strongly agreeing” with each statement regarding the
“augmented teacher” and “augmented parent-trainer” course platforms

Statement % Agreeing or strongly agreeing (%)

The course platforms are easy to use and navigate 100

The course platforms are aesthetically attractive 96

The course platforms provide useful tools for the
project and its implementation

100

The course platforms provide help and guidance to
users

100

Both courses’ content is well-organized into modules 100

Course modules include useful material and resources

The modules’ wording is simple and clear 96

The course modules include components that give
greater clarity to the text (e.g., diagrams, images)

96
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Table 18.3 Percentage of participants “agreeing” or “strongly agreeing” with each statement
concerning the living library

Statement % Agreeing or strongly agreeing (%)

Living library is easy to use and navigate 100

Living library is aesthetically attractive 96

Living library provides useful AR tools 96

Living library provides supporting educational material 100

Living library provides help and guidance to users 100

Living library supports the hosting of the courseware
that we developed or will develop during the course

96

Living library supports the sharing of our teaching
material

100

Living library contributes to my
communication/collaboration with other teachers in
Cyprus

96

Living library contributes to my
communication/collaboration with other teachers
abroad

96

As shown in Tables 18.2 and 18.3, both the technical and pedagogical features, as
well as the tools and resources of the online course platforms and the Living Library
received extremely high ratings from all or almost all of the participants.

Respondents were also asked to indicate the degree to which the different types of
tasks, materials, and resources included in the online learning environments had con-
tributed to their professional development in the context of the Living Book program.
Everyone rated the contribution of suggested activities as very important, while a
very high percentage also rated as important the contribution of the videos (81%),
educational material in text form (88%), and suggested readings (63%) included in
the course platforms and the Living Library.

Teachers in our study reported a number of challenges they anticipated to face
in their attempt to introduce the Living Book approach in their classes. They cited
various factors as obstacles to technology integration: limitations in the availability
of PCs, laptops and tablets, limited resources, limited time, technical issues (e.g.,
lack of Internet connection, Internet connection going down at times), lack of support
regarding ways to integrate technology into the curriculum, an oversized curriculum,
shortage of suitable software, and lack of knowledge about suitable software. The
need for additional training on the use of AR and other digital tools was particularly
emphasized by the participants. When asked to rate their overall level of readiness to
integrate contemporary technologies (e.g., mobile devices, augmented reality, mixed
reality, QR codes, etc.) in their instruction after participating in the seminars, only
54% stated that they now felt “well” or “very well” prepared to do so, while the
rest felt prepared only “to a certain extent”. Teachers, who did not feel sufficiently
prepared yet to incorporate the Living Book approach in their teaching, stressed the
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need, but also their intention for further training, in collaboration with the course
facilitators and other teachers:

• More hands-on practice on their own with the new tools and technologies
introduced during the seminars

• Familiarization with additional educational apps and tools
• Design of lessons using the technological tools
• More examples and suggestions for ways of integrating the technologies in the
school curriculum

• Opportunities for collaboration with other teachers in designing activities that are
based on the same theme.

Eight of the participating teachers reported having already used some of the tech-
nological tools introduced during the seminars (e.g., Kahoot, StoryJumper, QR code,
Quiver, and HP Reveal), either for personal use (n= 2) and/or for teaching purposes
(n= 7): “I have used QR code…I did a birthday card and created a QR code with the
song that I wanted to dedicate…very impressive.” The experiences of the teachers
who had attempted to introduce the Living Book approach in their classrooms were
generally very positive, since they all made comments such as the following: “I have
taught the Little Prince using Augmented Reality. Children got really excited and the
lesson was very effective.” The rest of the teachers stated that although they had not
yet tried out in their classrooms, they were looking forward to the next stage of the
program, pointing out that they were planning to use the Living Book approach in
various subjects including Language, History, Geography, Mathematics, Literature,
Art, and Theatrical Studies.

Teachers’ strongest incentive behind their intention to adopt the Living Book
approach was, their anticipation that this would attract their students’ attention, and
motivate them to get interested in books: “My long term objective is for children to
get to love books”; “My objectives would be to utilize the Living Book platform so
that children can get exposed to more books, through a different approach with the
use of technology”; Theywere expecting that through exposure to augmented reading
and thus “to multiple ways/means of creative expression,” students would not only
“be provided with a more motivating learning environment that would promote their
reading habits,” but they would also gain several other educational benefits:

• Better comprehension of concepts and ideas
• Promotion of creativity, development of inquiry and problem-solving skills, and
of critical thinking

• Acquaintance with the possibilities offered by emerging technologies such as AR
• Development of information technology soft skills.

When asked to indicate the profile of students that they believe would benefit
the most from the implementation of the Living Book approach in their classroom,
most teachers noted that augmentation of reading will benefit “all students in diverse
ways,” and will “increase everyone’s motivation and maybe their love for books.”
Some teachers, however, argued that the adoption of the Living Book approach will
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be particularly beneficial for “students who face learning difficulties,” “students that
have low motivation for learning,” and “students that need visual stimuli.”

18.6 Conclusions

Technological growth has given rise to diverse modes of communication technolo-
gies, different types of texts (e.g., digital texts, multimedia, etc.) and (ii) increased
contact between different languages as a result of cultural and linguistic diversity,
leading to the emergence of multiliteracies’ as a new approach to literacy. This
approach recognizes that oral and written language is no longer the sole means of
communication and that new types of literacy have appeared or emerged as part of
students’ cultural backgrounds. This entails a significant shift in what a “literate”
student looks like and a recognition that there is actually not one “thing” that can be
defined as literacy. Instead, the multiplicity of literacies (e.g., media literacy, digital
literacy, computer literacy, political literacy, cultural literacy, and visual literacy) is
highlighted in the literature (Kalantzis and Cope 2001). Among the different types of
literacy that are of vital importance in modern society, literary literacy is of particular
concern to the Living Book project presented in this chapter.

Recognizing the important role of literature in children’s cognitive and emotional
development,LivingBook has been exploringways of utilizingARand other contem-
porary technological tools to promote children’s love for reading, while at the same
time, serving the achievement of a variety of educational goals across the curriculum.
Acknowledging the crucial role of both traditional and digital forms of literacy in
contemporary education, the ‘Augmented Teacher’ professional development course
that has been designed through the project, aims to build European teachers’ capacity
to contribute toward raising children’s motivation toward reading and engaging them
in different types of literacy practices across disciplines. Taking into account current
theoretical developments in literacy education, adult education, teacher education,
and distance learning; the course aims to offer high-quality in-service teacher train-
ing, ultimately aspiring to enrich European elementary and middle school children’s
experiences and skills in reading.

Concurring with the literature (e.g., Niess et al. 2009), our research has illus-
trated the usefulness of TPACK as a means of studying and facilitating teachers’
professional growth in the use of technology in education. Key conclusions from
the analysis of the data collected during the first phase of the study are that the pro-
fessional development program has been quite successful in helping this group of
educators move beyond their restricted views regarding the role of technology in
teaching and learning. Although there was no pre-post assessment to formally track
changes in participants’ TPACK, there are also strong indications in the collected
data of improvement in the participants’ confidence level and proficiency in usingAR
and other innovative tools as a means of augmenting learners’ reading experience.
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The ultimate success of the Living Book approach will be determined through the
data collected during the guided-field practice currently taking place in the partici-
pating teachers’ classrooms. Analysis of these data will indicate the degree to which
the participants are able to transfer and adopt their acquired TPACK into actual teach-
ing practice. Research focusing on the integration of the Living Book approach in
realistic school settings will also shed light into both facilitating and inhibiting fac-
tors to its successful implementation in formal learning contexts. This, in turn, will
help to overcome researchers’ and policy-makers’ tendency to overlook the difficult
conditions under which most teachers and students are operating in schools when
investigating “state-of-the-art” technologies.
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Glossary of Terms

Augmented Reality (AR) An enhanced (augmented) version of the real environ-
ment overlaying digital information/objects being viewed through a device (such
as a smartphone and/or tablet camera).

Augmented Reading The use of the digital ecosystem as a research and content
space which can be usefully explored to complement reading activities.

The Living Book Approach A comprehensive framework for developing teachers’
ability to support students in growing the reading skills and love for reading.

Living Book Guidelines An e-publication providing a methodological framework
for implementing the Living Book approach.

The Living Book Library An open educational resource that conjugates reading
and digital creativity to bring books to life. A “world” of resources for teachers
and students across EU and beyond to read, socialize, and apply digital skills.

“Augmented Teacher” Professional Development Course A comprehensive
training curriculum to develop knowledge and skills in teaching and learning
using the Living Book approach.
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Chapter 19
Enhancing SPOC-Flipped Classroom
Learning by Using Student-Centred
Mobile Learning Tools

Lisa Law, Muhammand Hafiz, Theresa Kwong and Eva Wong

Abstract The aim of the study was to investigate the effectiveness of using student-
centred online/in-class activities to enhance the learning performance of a group
of teaching assistants (n = 51) in a Small Private Online Course-Flipped (SPOC-
Flipped) classroom approach. A leading liberal arts university in Hong Kong has
taken an initiative to develop a SPOC as a pilot for one of the training courses
designed for teaching assistants. This six-week SPOC-Flipped classroom team teach-
ing included a three-week online course that made use of the available online learn-
ing features like article, video, quiz, graded test, interactive discussion forum, etc.
to incorporate key concepts of the course curriculum. A “3-stage SPOC-Flipped
Classroom with Evidence” model was designed as a framework to enrich learners’
online learning experience in the study. To better enhance learners’ online learning
concepts, various student-centred mobile learning (mLearning) tools like personal
response systems and scenarios driven augmented reality mLearning technology
were adopted for classroom activities in a gamified environment with timely feed-
back given by teachers. Marks of learners’ online and classroom participation were
recorded and analysed against their overall grade (i.e. learning performance) of the
course. Results from both quantitative and qualitative data analyses indicated that: (i)
there was positive correlation of learners’ online/in-class participation marks against
their overall learning performance, (ii) learners’ in-class engagement increased by
using mLearning technologies to reinforce their online learning concepts in a gami-
fied environment and (iii) few learners preferred traditional classroom teaching due
to the unfamiliarity of flipped classroom pedagogy.

Keywords Augmented reality · Flipped classroom ·Mobile learning technology ·
Small private online course (SPOC)

L. Law (B) · M. Hafiz · T. Kwong · E. Wong
Hong Kong Baptist University, Hong Kong, China
e-mail: lisalaw@netvigator.com

© Springer Nature Singapore Pte Ltd. 2020
S. Yu et al. (eds.), Emerging Technologies and Pedagogies in the Curriculum,
Bridging Human and Machine: Future Education with Intelligence,
https://doi.org/10.1007/978-981-15-0618-5_19

315

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-0618-5_19&domain=pdf
mailto:lisalaw@netvigator.com
https://doi.org/10.1007/978-981-15-0618-5_19


316 L. Law et al.

19.1 Enhancing SPOC-Flipped Classroom Learning
by Using Student-Centred Mobile Learning Tools

There is an increasing popularity to develop online courses to allow learners the
flexibility to learn their subject matters in their own time and at their own pace in this
techno-generation. Coupled with the impetus to satisfy learners’ autonomous moti-
vational needs via a variety of learning modes, a leading liberal arts university in
Hong Kong has taken an initiative to develop a Small Private Online Course (SPOC)
as a pilot for one of the training courses designed for teaching assistants. The pur-
pose of the training course is to prepare learners to take up teaching assignments at
the university with an introduction to the basic theoretical teaching knowledge and
practical skills. The training course, which was originally a seven-week face-to-face
traditional classroom-based teaching, was redesigned into a six-week SPOC-Flipped
classroom team teaching. The course team began the course design by developing
a three-week online course with an e-learning development platform called Future-
Learn and made use of the available online learning features like article, video, quiz,
graded test, interactive discussion forum, etc. to incorporate the key concepts of the
course curriculum.

Flipped classroom is a model where the traditional classroom and homework ele-
ments are reversed and viewed as a student-centred teaching approach (Jesurasa et al.
2017; Jing Ping 2016). The use of personal mobile devices was integrated with the
flipped classroom pedagogy to motivate learners’ classroom participation. Learners
were instructed to complete the three-week online learning activities before the class.
The role of teachers acted as facilitators to reinforce learners’ online learning concepts
with timely feedback and clarification. Various student-centred classroom activities
were designed so that learners could use their mobile devices to access designated
mobile applications to participate both inside and outside classroom activities. This
approach has created what Wang (2017) suggested as a seamless and flexible envi-
ronment that satisfy learners’ autonomous motivational needs via a variety of learn-
ing modes. Wang further evaluated that flipped classroom could facilitate learners’
learning experiences through pedagogies that engage their in-class active learning
activities with intense interaction among learners and teachers. Apart from providing
timely feedback, teachers (facilitators) could also make use of the mobile learning
(mLearning) technology to assess learners’ online learning concepts as a kind of
formative assessment. Student-centred mLearning tools like personal response sys-
tems (PRSs) (e.g. Kahoot!, uReply, etc.) could motivate learners to participate in-
class activities in a gamified environment with fun (Chan et al. 2019). In addition,
the adoption of scenarios driven augmented reality (AR) mLearning technology for
outside classroom activities allowed learners to immerse themselves in the virtual
situations to create a level of context-awareness for better comprehension of con-
ceptual issues like academic integrity. The scenarios described with picture, sound,
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video, storytelling, etc. were triggered by using QR code, IR (Image Recognition)
and BLE (Bluetooth) via learners’ mobile devices—another means of enhancing
online learning experience.

19.2 Literature Review

19.2.1 Flipped Classroom

Flipped classroom is defined as a set of pedagogical approaches that moves most
of the information-transmission teaching out of the class and use the class time for
learning activities that are active and engaging. It also requires students to complete
the pre- and post-activities learning online or through other mediums that are non-
class based (Abeysekera and Dawson 2015). Flipped classroom is also known as
a student-centred approach to learning where the learners are more active than the
instructor in the classroom activity. In this case, the instructor acts as a facilitator to
motivate, guide and give feedback on learners’ performance (Sams and Bergmann
2012).

It has been suggested that the flipped classroom approach creates an active learn-
ing environment, which increases learners’ performance and learning (Gross et al.
2015). Specifically, it allows learners to gain exposure of the content prior to in-
class participation, allows teachers to assess learners’ understanding or learning in
class through learners’ participation so as to customise suitable teaching and learning
activities in time (Rutherfoord and Rutherfoord 2013).

However, flipped classroom pedagogy is not without limitations. Firstly, findings
on the efficacy of the flipped classroom approach have been mixed. Jensen et al.
(2015) found no significant difference between the flipped classroom and traditional
learning. A recent study comparing flipped classroom with traditional instruction
class and blended learning class found that perceived learning scoreswere the highest
in the flipped classroom, highlighting the efficacy of flipped classroom pedagogy
(Thai et al. 2017). Such contrasting findings necessitate further investigation on the
usefulness of flipped classroom. Secondly, learners seemed to be less enthusiastic
towards the use of flipped classroom (Tune et al. 2013).

Tune et al. (2013) attributed the lesser enthusiasm to the perceived increased in
workload as compared to traditional class. Unlike traditional classes, learners were
required to do their reading prior to attending classes. A significant amount of work
has to be undertaken by the learners outside of the typical classroom time and could
affect learners’ motivation level to learn (Abeysekera andDawson 2015). In addition,
Gross et al. (2015) found that learners who completed the pre-class activities fared
better than those who did not. In that sense, completing the pre-class activities is
crucial for learners to benefit from the flipped classroom.
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19.3 Use of Student-Centred Mobile Learning Technologies

The use of mLearning technologies could address some of the limitations associ-
ated with flipped classroom pedagogy. Mobile learning is defined as the ability to
learn about the subject content across different situations and through social inter-
action on personal mobile devices (Crompton 2013). It allows information to be
easily accessible by learners and provides collaborative learning practices that sup-
port multitasking and group activities, which enable learners to interact with others
(Roehl et al. 2013). Lending credence to the need to adapt mobile learning is the
increasing reliant on mobile devices as a source of information. Chiang et al. (2018)
postulated that such trends changed the way learners seek information. Putting the
aforementioned studies together, there is a need to integrate mobile technologies and
learning into current teaching practices.

One advantage of usingmLearning technologies in teaching is increasing learners’
engagement level (Hung 2017). The author posits that learners are better engaged
in class when platforms such as clickers are introduced, and learners are required
to respond using their mobile phones. The use of clickers such as Kahoot! can be
viewed as a gamification technique, whichmakes learners more willing to participate
in the quizzes (Martyn 2007). However, it seems that the adoption of mLearning in
the form of clickers-like platforms is limited to traditional classrooms. Since there
has been a limited use of mobile technology in a flipped classroom environment
(Lin et al. 2018), it remains unclear if the perceived advantages associated with
mobile technologies could be transferred to a teaching approach such as the flipped
classroom.

The use of mLearning technologies also provided the opportunity to allow AR
to be introduced and integrated into education. AR has already been used in ethics
education of several disciplines such as academic integrity, medical, engineering, arts
and design, nursing education, hall life education (Kwong et al. 2018; van Krevelen
and Poelman 2010; Yue et al. 2017). The reception of learners towards the use of
AR in education context has been encouraging. Learners enjoyed the process of
learning through AR because they were able to experience activities that they could
not otherwise experience in a classical classroom such as creating virtual explosions
(Bower et al. 2014; Schachter 2018). Also, the positive learning experience through
AR had led the students to think “more deeply” about the subject matter (Kamarainen
et al. 2018). This seems to suggest that more learning could take place when learners
became more involved or were satisfactorily engaged with the learning process.
AR could also be deployed to make teaching and learning more interactive and
interesting.

More importantly, the use of mobile technology could complement and enhance
flipped classroom pedagogy (Bidin and Ziden 2013). Heflin et al. (2017) posited that
learners’ attitude towards collaborative learning improved when mobile technology
was introduced as part of classroom activities and, in turn, improved learners learn-
ing. The use of such technologies in teaching and learning allows various activities
to be introduced as part of the lesson plan to make learning more fun and engaging.
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In addition, the numerous features of mobile learning such as individualised inter-
face, forum discussion and real-time accessibility to learning content could facilitate
self-directed learning (Sung et al. 2016). This in turn could increase learners’ moti-
vation in learning. These benefits could overcome some of the limitation associated
with flipped classroom in particular learners’ poor reception because of perceived
increased in workload.

19.4 The Study

The “3-Stage SPOC-Flipped Classroomwith Evidence” model, which combined the
use of flipped classroom with mLearning technologies, was specifically designed as
a framework to guide this study. The first three stages of the SPOC-Flipped class-
room approach, i.e. “Before Class”, “In Class” and “After Class” together with the
assessment methods devised for the course as “Evidence”, allowed us to investi-
gate if there were any relationships between different participation variables and the
overall learning performance of participating learners under this type of pedagogical
approach as shown in Fig. 19.1.

Stage 1—Before Class

Learners were expected to spend about 2 h per week to study the pre-designed
SPOC learning materials before class. Key concepts of the course curriculum were
designed and presented through the online learning features like article, video, etc.
Other online activities like quiz, interactive discussion forum, etc. were developed
to assess learners’ online learning understanding in a formative manner. Activity of
online graded test was designed as a summative measure for respective weeks. Upon
completion of all pre-designed online activities, marks would be given as an “Online

Fig. 19.1 A “3-stage SPOC-Flipped classroom with evidence” model
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Fig. 19.2 Three-week SPOC structure with key topics

participation” score. The three-week SPOC structure with different key topics of the
course curriculum and the related online activities is shown in Fig. 19.2.

Stage 2—In Class

Apart from the online participation, learners were required to attend scheduled face-
to-face class sessions. Each session lasted for about 2 h andwas facilitated by a course
team of three teachers. Efforts were made to ensure learners would be motivated
during in-class participation in order to reinforce their online learning concepts.
Marks would be given to learners who actively participated in in-class activities as
their “In-class participation” score. Student-centred in-class activities were designed
in such a way that learners could use their own mobile devices to download mobile
learning applications like Kahoot!, uReply, etc. (see Fig. 19.3) to attempt quizzes,
discussions, etc. inside classroom setting.

These game-based personal response systems were played by the whole class in
real-time mode. Multiple-choice questions for related teaching topic(s) would be
projected on the screen and learners answered the questions with their own mobile
devices. Teachers would give the class praises (or awards) as an incentive for cor-
rect answer(s) to question(s) and provided timely feedback/clarification on wrong
answer(s) when required. An online application called “Padlet” to create online bul-
let board so that learners could post their ideas/questions via their mobile devices
and projected on screen for in-class discussion activity was also used in class.

The adoption ofARmobile technologywas tomotivate learners’ participation and
to reinforce their conceptual understanding on less interesting but important issues
like academic integrity, through an outdoor learning trail. Learners were instructed to
download amobile app called “AR-Learn” on theirmobile devices (Wong et al. 2018).
Once the appwas installed, they could start the trail of “Trails of Integrity and Ethics”
(TIE) on the campus during the session by using different triggers like QR code, IR
(Image Recognition) and BLE (Bluetooth) to activate the four scenarios (or four
checkpoints) about (i) plagiarism, (ii) citation, (iii) data falsification and (iv) ethical
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Fig. 19.3 Use of student-centred mobile learning tools for in-class activities

use of library books as shown in Fig. 19.4. Learners were able to immerse themselves
in the given virtual scenarios and to make appropriate responses to questions given
via their own mobile devices in a free learning environment. Learners’ participation
in this activity also counted as part of their in-class participation marks.

Stage 3—After Class

This stage allowed learners to consolidate their newly learned knowledge byworking
in groups for designated group assignments (i.e. 10-min group presentation and 5-
min video production) and to write an individual reflective journal on their learning
experience from the course (500–800 words). They could always revisit the online
learning materials when needed.

19.4.1 Objective of the Study

The study aimed to investigate whether the adoption of student-centred online/in-
class activities could motivate learners’ participation, which in return enhanced their
learning performance in the SPOC-Flipped classroom approach. This was achieved
by examining learners’ learning performance or overall grade and their participation
in the various online/in-class activities. The assignment methods designed for the
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Fig. 19.4 Use of AR mobile learning technology for conceptual learning

course consisted of (a) Participation, 30%, (b) Assessed TeamTeaching and Learning
Activities (in-class group presentation and video production), 50% and (c) Individual
reflective journal, 20% with a maximum score of 100% (4 marks) as an overall
grade. The overall grade (or “learning performance” for the ease of explanation in
the study) of the course is calculated based on the formula “Overall grade= learning
performance = a + b + c”.

In addition, learners were also required to submit open-ended response questions
in the form of a Course Feedback Questionnaire to gather their feedback on the
course.

A mixed-method of both quantitative and qualitative data analyses had been
deployed to the study for deeper understanding of the phenomenon of interest than the
use of either a quantitative or qualitative approach alone (Doorenbos 2014). Quan-
titative data analysis emphasised on interpreting available data to pose and resolve
research questions. Once categories andmeanings are made from the quantified data,



19 Enhancing SPOC-Flipped Classroom Learning … 323

initial understanding of the issues being studied could be developed. Initial generated
understanding is then tested andmodified through cycles of additional data collection
and analysis until coherent interpretation is reached (Bredo and Feinberg 1982; van
Maanen 1983).

The use of qualitative data in the study was to yield data from which richer expla-
nations of how and why the outcomes occurred could be developed (Markus and
Robey 1988). The collected responses would provide valuable insights on how to
improve the SPOC-Flipped classroom pedagogy at its subsequent offers and even
for bigger class size in the future. More importantly, the findings could act as an indi-
cator whether the designed interactive online/in-class activities under the mentioned
SPOC-Flipped classroom model were effective to enhance participating learners’
learning performance.

19.5 Method

A total of 51 learners (n = 51) from different subject disciplines were enrolled for
this new training course held in the first semester of AY2017/18. However, due to
attrition, the final sample size was 47 (n = 47).

19.5.1 Data Resources

Learners’ marks from the course were collected as data. The breakdown of marks of
the “Participation” assignment method was explained below.

a. Online participation marks (15%)

Marks were given to learners for their completion of the three-week online activities
on quiz and online graded test, which covered the respective week’s learning con-
cepts for assessing learners’ online understandings. The online participation marks
contributed 15% of the overall grade of the course. Amaximum of 4marks for online
participation could be achieved if learners reached the required standard.

b. In-class participation marks (15%)

Marks were given to learners for their in-class participation and contribution in
various activities. The marks contributed 15% of the overall grade of the course. A
maximum of 4 marks would be achieved if learners reached the required standard.

Furthermore, learners were required to complete the Course Feedback Question-
naire (CFQ) at the end of the course, which consisted of two related questions for this
study, i.e. Question 1: Describe some good points about the course? and Question 2:
Describe some areas of the course that could be improved?



324 L. Law et al.

19.5.2 Data Analysis Plan

“Statistical Package for Social Sciences (SPSS)” version 24 software was used to
analyse the quantitative data. Descriptive statistics were examined and reported with
the purpose of describing what occurred in the given sample. Pearson product-
moment correlation coefficient (r), a quantitative data analysis was used to examine
the relationship between learners’ online/in-class participation marks (as described
above) and their overall grade (as described in the formula above). The stronger the
relationship of the two variables, the closer the Pearson correlation coefficient (r)
would be to either +1 or −1 depending on whether the relationship was positive or
negative, respectively.

Qualitative analysis was carried out for the written responses collected from
the CFQ. The responses were coded and similar themes were grouped together.
A frequency count was subsequently done to identify the top three categories.

19.6 Results

19.6.1 Quantitative Analysis

The marks collected from the mentioned assessment methods in this study, i.e.
online quiz participation, online graded test, in-class participation and overall grade
(learning performance) for n = 47 were analysed.

A breakdown of the mean mark (M) and standard deviation (SD) of the chosen
assessment methods (AMs) was shown in Table 19.1. It was observed that the highest
mean mark (maximum of 4 marks) among the mentioned participation activities was
3.60, i.e. “Online quiz participation” and “In-class participation” which suggested
that learners were comparatively performed well in both online quiz and in-class
participation in comparison with the online graded test.

Further investigation was carried out by generating the Pearson product-moment
correlation coefficient I to observe the relationship between the online/in-class par-
ticipation marks and the overall grade (i.e. learning performance) and the results
were explained below.

Table 19.1 Mean (M) and
standard deviation (SD) of
assessment methods’ (AMs)
marks

AMs M (SD)

Online quiz participation 3.60 (1.15)

Online graded test 3.09 (1.19)

In-class participation 3.60 (0.56)

Overall grade (learning performance) 3.39 (0.28)
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Fig. 19.5 Marks of online quiz participation and overall grade

(1) Online quiz participation and overall grade.

There was a positive correlation observed between the two variables, r = 0.70,
p = 0.000. The strong and positive correlation between the marks of online quiz
participation and overall grade indicated that increases in online quiz participation
were correlated with increases in overall grade as shown in Fig. 19.5.

(2) Online graded test and overall grade.

There was a positive correlation observed between the two variables, r = 0.74, p =
0.000. The strong and positive correlation between marks of online graded test and
overall grade indicated that increases in online graded test marks were correlated
with increases in overall grade as shown in Fig. 19.6.

(3) In-class participation and overall grade.

A positive correlation between the two variables, r = 0.55, p= 0.000, was observed.
The strong correlation between marks of in-class participation and overall grade
indicated that increases in in-class participationmarks were correlatedwith increases
in overall grade as shown in Fig. 19.7.

19.6.2 Qualitative Analysis

Written comments collected from the two related CFQ questions listed below regard-
ing learners’ perceptions of the course delivery under this SPOC-Flipped Classroom
model were categorised into different key themes according to their most frequent
occurrence of similar phrases.
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Fig. 19.7 Marks of in-class participation and overall grade

Question 1: Describe some good points about the course?
Question 2: Describe some areas of the course that could be improved?

Figure 19.8 categorised the most and least favourite responses (according to their
occurrence frequency) for the course delivery under different key themes and sample
of responses for Questions 1 and 2 were excerpted.

As shown in Fig. 19.8, the three most favourite categorised responses collected
from Question 1 were (i) increased class participation, (ii) creative teaching method
and (iii) characteristics of teachers. Forty per cent of the responses revealed that
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Fig. 19.8 Categorised the most and least favourite responses for the course delivery

the course was conducted such that learners were given opportunities to partici-
pate in in-class activities. Twenty-four per cent of the responses revealed that the
SPOC-Flipped classroom model was a creative teaching pedagogy and the use of
mobile technologies (like PRSs and AR mobile learning trails) enabled the learning
contents to be delivered in an interesting manner. Eleven per cent of the responses
reflected the important characteristics of teachers in this kind of teaching model.
For example, one of the responses said that the teachers aided learners’ learning by
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reinforcing and making complicated concepts clearer in class, etc. Twenty-five per
cent of responses formed the category “Others” in Fig. 19.8. The responses which
consisted of single responses like “No”, “NA”, “Ok”, “No comments”, etc. were not
significant enough to make any judgemental observation. The percentage breakdown
for the key themes of the most favourite responses collected for the course delivery
was shown graphically in Fig. 19.9.

Second part of Fig. 19.8 also showed the top three least favourite categorised
responses of the SPOC-Flipped classroom model collected from Question 2. The
three categories were (i) content, (ii) duration and (iii) unfamiliar with the flipped
classroom model. Thirteen per cent of the responses revealed that the “Content” was
too much and that the duration of the class was too long. These respondents felt
that there was too much preparation work needed before each class such as online
readings and activities. At the same time, the class duration was not reduced. Thus,
they felt that with the increased workload of the online learning, the in-class duration
should be reduced accordingly. It was interesting to note that there were respondents
who felt that more face-to-face lessons were needed. One respondent even men-
tioned that he/she preferred traditional teaching than online learning. He/she felt
uncomfortable that too much learning responsibility was placed on learners them-
selves. Sixty-three per cent of responses collected under the category of “Others” in
Fig. 19.8 (under “Least favourite responses for the course from Question 2). It con-
sisted of single responses like “No”, “NA”, “bemore effective”, “smaller classroom”,
“No comments”, etc. and was not significant enough to make any judgemental obser-
vation. The percentage breakdown for the key themes of the least favourite responses
collected for the course delivery is shown graphically in Fig. 19.10.

19.7 Discussion and Conclusion

The framework of “3-Stage SPOC-FlippedClassroomwithEvidence”model as illus-
trated in Fig. 19.1 was specifically designed with the intent of improving learners’
learning motivation was evaluated. Results from both quantitative and qualitative
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data analyses on learners’ online/in-class participation marks and the written feed-
back indicated that: (i) there was positive correlation of learners’ online/in-class
participation marks against their overall learning performance, (ii) learners’ in-class
engagement increased by using mLearning technologies to reinforce their online
learning concepts in a gamified environment and (iii) due to the unfamiliarity of this
type of SPOC-Flipped classroom pedagogy, there were a few learners who preferred
traditional classroom teaching.

The intention of using mobile technologies to design interactive activities was to
motivate learners’ in-class engagement and interaction and to reinforce their online
learning concepts (Hung 2017). The use of different PRSs like Kahoot! and uRe-
ply motivated learners’ in-class participation in real-time game-based competition
environment, which in turn strengthened their cognitive understanding of the online
concepts. In addition, the use of an online application such as “Padlet” allowed learn-
ers to actively participate in in-class discussion. It also provided the opportunity for
learners who were shy to speak in front of the class to express their point of views
anonymously.

In this regard, teachers could further assess learners’ needs and make necessary
teaching and learning activities in time. This further strengthened mobile technology
ability to motivate learners’ in-class participation and allow teachers to give timely
clarification on any unclear concepts. They could also adjust teaching and learning
activities in time to meet learners’ needs if required (Rutherfoord and Rutherfoord
2013; Sams and Bergmann 2012).

The collaborative learning experience that was created by integrating the mLearn-
ing technologies in the flipped classroom pedagogy allowed learners to access learn-
ing materials more easily andmore engaged in in-class discussions that enhanced the
benefits of flipped classroom (Lin et al. 2018). Having more classroom engagement
and interaction enhanced learners’ understanding, which in turn resulted in better
overall grades (Gross et al. 2015).

Mobile learning through the use of AR enabled learners to be engaged in ways
that was not possible in a traditional classroom (Bower et al. 2014). The current study
adopted the use of an outdoor AR mobile learning trail to enhance learners’ concep-
tual understanding on the less interesting but important issues like academic integrity.
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Learners could immerse themselves in the virtual scenarios regarding ethical issues
like plagiarism, citation, data falsification and ethical use of library books and to
make responses to the questions posted within the mobile app called “AR-Learn”.
The positive impact of using the said mLearning tools and the AR mobile technol-
ogy to engage learners was supported by the quantitative and qualitative results. The
results also implied that learners were engaged in in-class activities and willing to
contribute what they had learned from the online learning materials, which in turn
enhanced their deeper cognitive understanding.

An interesting outcomewas themediating role that teachers played in ensuring the
success of mLearning in increasing learners’ motivation and engagement. Findings
from the qualitative data highlighted the importance of teachers’ characteristics in
determining the successful application of mLearning technologies. Similar observa-
tion was also made by Jesurasa et al. (2017) where facilitators played an important
role to the success of SPOC-Flipped classroom. The course, with a student-centred
teaching at its core, was designed to specifically integrate SPOC-Flipped classroom
with mLearning technologies complemented by the facilitative role of the teachers
contributed to the positive outcome.

Despite the encouraging support on the use of mLearning technologies, negative
feedback was also recorded from learners. The top three least favourite categorised
responses were related to the course content, class duration and unfamiliarity with
flipped classroom. There seemed to be a difference in expectation regarding the
flipped classroom. Students were unsatisfied that the duration of classes was too
long or expected more face-to-face mode of lesson. Managing learners’ expectation
and satisfaction had been identified as a key factor determining the success of the
flipped classroom (Jesurasa et al. 2017). Since SPOC-Flipped classroom approach
was a new attempt in the university, it might be useful to clearly explain to learners
before the class or at the first session of the course about the rationales and advantages
of adopting SPOC-Flipped classroom approach to ensure they truly understood what
was expected of them and what SPOC-Flipped classroom entailed as this would
affect their satisfaction which in turn affect their learning (Gilboy et al. 2015).

Implications from this pilot study could serve as a reference for future studies.
These results suggested that the use of mLearning technologies and the “3-Stage
SPOC-Flipped Classroom with Evidence” model complemented each other. Never-
theless, further research could be conducted for bigger class size with the use of the
latest mobile learning technologies to check the validity of data collection for the
better enhancement of the SPOC-Flipped classroom pedagogy.
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Glossary of Terms

AM Assessment Method
AR Augmented Reality
BLE Bluetooth
CFQ Course Feedback Questionnaire
IR Image Recognition
M Mean
SD Standard Deviation
SPOC Small Private Online Course
TIE Trail of Integrity and Ethics
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Chapter 20
Academic Integrity in the Digital Era:
Student Skills for Success Using Mobile
Technology

Alice Schmidt Hanbidge, Amanda McKenzie, Kyle W. Scholz and Tony Tin

Abstract Engaging students and instructors in academic integrity (AI) education
is of ongoing concern to the quality of higher education. Although many institu-
tions rely on instructors to educate students about academic integrity in the curricu-
lum (MacLeod 2014), insufficient time is spent teaching and practicing its concepts
(Bertram Gallant 2008). Traditionally, AI information is shared during orientation
week to assist first-year students with the academic transition to university; the qual-
ity of this instruction is, however, frequently inconsistent. These methods have not
been highly effective at increasing students’ level of academic integrity and inci-
dents of academic misconduct are increasing (Dee and Jacob 2012; Gillis 2015,
2016; Kezar and Bernstein-Sierra 2016). Mobile learning or “education on the go”
(Ally 2004; Wu et al. 2012) can enhance students’ access to and awareness of AI
through anytime, anywhere learning experiences. The innovative mobile application,
Integrity Matters, aims to develop learners’ knowledge and skills in AI by learning
key values to guide understanding of academic integrity. The application focuses
on authentic, scaffolded video scenarios that align with the International Center for
Academic Integrity’s (ICAI) core values of AI: honesty, trust, respect, responsibility,
fairness and courage (ICAI 2014). Significant gains in academic integrity knowledge
occurred for students (N = 1149) in this usability research study in six undergraduate
faculties following completion of the Integrity Matters learning modules. Integrity
Matters, an open-access, tri-lingual (English, French, and Chinese) application, is
designed for higher education institutions. Available under a creative commons (CC)
license, Integrity Matters content can be customized, branded, and integrated across
educational settings.
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20.1 Introduction

Engaging students and instructors in academic integrity (AI) education is of ongoing
concern in higher education.AI is a foundational part of academia, and it is imperative
that all members of campus uphold integrity in their work. Without AI, there is
a lack of credibility and a threat to the value and quality of educational degrees;
therefore, schools must work to enhance students’ and instructors’ understanding
and commitment to maintaining academic integrity.

When it comes to teaching students about academic integrity, most schools rely on
educating students about academic expectations during orientation week and in the
first week of classes (Haas 2005). This is problematic for a variety of reasons. First,
this vital information gets lost in the excess of information students receive when
they arrive on campus; the traditional timing of any AI instruction falls within early
stages of one’s academic career, again, either occurring in a student’s orientation, or
as part of an instructor’s introductory lesson on the first day of class. The message
conflictswith all of the other information a student is processing and quickly becomes
an afterthought until confronted with academic offenses.

Second, institutions rely on instructors to educate students about academic
integrity (MacLeod 2014), yet insufficient time is spent teaching and practicing its
concepts (Bertram Gallant 2008). Finally, the quality of instruction about academic
integrity is inconsistent and not well reinforced after the start of school. It is evident
that methods used thus far have not been highly effective at increasing students’ level
of academic integrity. Rather, increasing incidents of academic misconduct continue
(Dee and Jacob 2012; Gillis 2015, 2016; Kezar and Bernstein-Sierra 2016).

A collaboration of faculty and staff from the University of Waterloo and Renison
University College in Southwestern Ontario, Canada, spanning various faculties and
support units determined a need to rethink how tenets of academic integrity were
being shared, understood, and reinforced in higher education. Traditional methods of
academic integrity instruction, whether through workshops held during orientation
week, overt policies written on syllabi, or an expectation of instructors to reinforce
what constitutes plagiarism and other academic integrity offenses, have not been
very effective. Depth of learning can be attained by embedding academic integrity in
the curriculum and then overlapping coverage of the topic through multiple courses,
across years and through various methods in university. Without an institutionally
coordinated approach supported by students, staff, faculty, and the administration, the
onus to inform learners of what constitutes academic integrity depends on individual
instructors and it frequently falls to the wayside.

In order to address these challenges in AI education, we developed and rigor-
ously tested a mobile application Integrity Matters to deliver consistent, timely, and
learner-centered instruction. The Integrity Matters app accomplishes four primary
goals: First, it instructs and reinforces the core values of AI through pedagogically
sound and validated modules with accompanying assessment; second, it focuses on
an educational approach to AI, rather than a punitive or disciplinary approach to
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academic misconduct; third, it does so in the mobile environment, allowing for any-
time, anywhere learning to occur; and finally, by virtue of it being mobile, it allows
learners to acculturate themselves to post-secondary education and to the core values
of academic integrity before they arrive on campus.

20.2 Literature Review

20.2.1 Academic Integrity

Academic integrity is the foundation of educational institutions, and it provides
credibility and value to the credentials these institutions confer. According to the
International Center for Academic Integrity (ICAI), academic integrity is defined
“as a commitment, even in the face of adversity, to six fundamental values: honesty,
trust, fairness, respect, responsibility, and courage” (ICAI 2014, p. 16). Research
in the field of AI indicates that better education is the most effective mechanism
for reducing cheating [i.e., academic misconduct] (Fishman 2016, p. 15). Over the
past 20 years, institutional approaches to academic integrity have shifted from being
punitive or rules-focused to being more educative (i.e., teachable moments) and
values-based (Bertram Gallant 2008, 2011; Cole and Kiss 2000). Bertram Gallant
(2011) emphasized that “schools should aim to infuse the value of integrity into
structures, processes and cultures of the organization” (p. 13). Therefore, to embrace
the concept of academic integrity, students need to have scholarship and integrity role
modeled and nurtured within the educational institution (Batane 2010; Glendinning
2014; Rolfe 2011; Stappenbelt and Rowles 2009; Young et al. 2018).

Traditionally, scholarly rules tomaintain academic integrity have been passed onto
students directly from their instructors. While a focused and interactive discussion
about academic integrity remains the most effective way to get students to embrace
AI (East 2016; Fishman 2016), this practice is variable among instructors, and there
is vast inconsistency in both the AI content shared and the depth of the discus-
sion (Haas 2005). MacLeod (2014) studied faculty attitudes on students’ academic
integrity at 17 Canadian universities and concluded that every university “mentions
the importance of academic integrity and affirms that they expect students to act
ethically. Regrettably, there are often no follow-up provisions for actually teaching
students to do so” (p. 11). Hence, it is imperative that students receive this founda-
tional information in a consistent manner that will augment any other instruction (or
lack thereof) they have received about AI.

East (2016) states, “the challenge is not only to inform students about academic
integrity, but also to engage students in this education and to provide them with
opportunities to develop their scholarship capabilities” (p. 482). She also highlights
that anAImodule should include the following key elements: be engaging (e.g., use a
progression of challenges and decision-making activities); use more images than text
to conveymeaning; incorporate games to immerse students in the content and provide
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them with immediate and memorable feedback; and provide opportunities to apply
their learning and practice these concepts (pp. 486–489, 493). This final element, that
of applicability beyond the classroom, is integral; Bertram Gallant (2011) points to
the work of Pfeiffer and Goodstein (1983), who refer to “an inferential leap [that] is
made…to the reality of everyday life” (p. 4). The ultimate goal of educating students
about the fundamentals of AI is for them to recognize the importance of these values
and how they transcend beyond their academic life, applying to their personal lives
and future careers.

Young et al. (2018) suggest that “the extent to which campus climate encourages
a holistic and positive academic climate, and the extent to which students view
campus policies as working to reduce cheating, consistently influence the probability
of students’ developing a greater understanding of academic integrity” (p. 9). Hence,
educational institutions must build a culture of integrity by promoting the values
of AI at all levels of the institution, including through the curriculum. In addition,
institutions must actively engage in AI through open discussions and role modeling,
which leads to increased awareness, and personal and social responsibility to uphold
these values (p. 15).With these inmind, amobile application is a fittingway to bridge
new learners’ understanding of academic expectations, heighten understanding of
academic integrity, and acculturate students to higher education.

Given that technology is rapidly changing the way information is sent, the transfer
of knowledge about academic integrity needs to keep pace with the best and most
innovative ways to educate students. The Horizon Report: 2016 Higher Education
Edition points to mobile learning applications on student’s personal devices as the
imminent means to be used by higher educational institutions (New Media Con-
sortium, 2016, p. 1). A mobile application is not only visually stimulating, but it
can be interactive and appeal to students’ desires to engage with content rather than
just receive it. A mobile app also provides this education anytime, and anywhere,
without being confined to a classroom or learning management system. Moreover,
students have the opportunity to practice and learn from their mistakes in a simulated
environment without fear of repercussion. As East (2016) argues, “all students take
time and practice to become versed in academic codes and to understand academic
culture” (p. 485).

There is limited research with regard to the efficacy of academic integrity instruc-
tion, particularly using metrics with pre- and post-measures, and even less is known
about using a mobile application to teach AI. This project aims to contribute to the
literature on academic integrity research, while making meaningful connections to
the discipline of mobile learning.

20.2.2 Mobile Learning

Now, more than ever, university and college students spend a majority of their time
online, whether it be for school, work, or leisure. This challenges traditional teaching
methods, such as lectures, which remain frequently used to educate learners in higher
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education. In order to provide information to students in a format they relate to and
readily engage with, new teaching approaches need to emerge to keep pace with
pedagogical advances. This means bringing the act of teaching into a space where
students spend much of their time—online. Since students are familiar and adept
at using online technology, mobile applications are a viable way to teach today’s
students in a format that they relate to.

Mobile learning (mLearning) entails learning acrossmultiple educational contexts
while using personal electronic devices, such as cell phones or tablets. Generally,
mobile learning is defined as the conducting of educational activities using a mobile
device and wireless services in which both learner and device are mobile (El-Hussein
and Cronje 2010). Mobile learning, innovative mobile technology pedagogy, or “ed-
ucation on the go” (Ally 2004; Wu et al. 2012) can enhance students’ access to and
awareness of academic integrity through anytime, anywhere learning experiences.
Learning “just-in-time” enables students to take advantage of reviewing lessons at
their own pace and in their free time, as they frequently have devices at their side.

Advancements in innovative and interactive mobile learning technology have
led to various applications that augment active learning environments to support
students to better understand concepts and skills (Bakırcı et al. 2011; Furio et al.
2015, Koong and Wu 2011). Mobile applications (‘apps’) are software programs
designed to run on mobile platforms, such as Android or iOS. Learning applications
are dedicated to educational purposes, to be used in and out of classrooms. As Scott
McQuiggan et al. (2015) suggest, “mobile learning provides a new way to motivate
students by providing high level of engagement and novelty, personalization, and
autonomy. The ability to constantly use new apps and find newways to use the device
keeps it fresh and interesting for students” (p. 12). The ubiquitous availability of
mobile devices is redefining how instruction is delivered and how learning can occur.
Researchers suggest that information obtained through mLearning can be retained
more effectively than traditional classroom lectures (Barzilai and Blau 2014; Hwang
et al. 2015; Taskm and Kandemir 2010) while mobile learning has extended the
learning to outside the classroom (Su andCheng 2013). Furthermore,mobile learning
can enhance the learning experience by increasing student motivation (Schunk et al.
2013).

The transition to embracing mLearning in academia is inevitable. This shift
includes a pedagogical shift from teacher-centric to autonomous learner-centric,
to education that is available on an as-needed or on-demand basis. While there
are multiple advantages of integrating mobile learning into education, challenges
remain and must be considered. Internet access, teacher training and support, and
smartphone device limitations, such as memory size, small keyboards, and limited
battery life, all impact usability of mLearning. Higher educational institutions glob-
ally are investing heavily to advance technology to address enhances learner’s needs
as mLearning offers new affordances to transform traditional learning platforms into
digital classrooms.
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20.3 Integrity Matters

20.3.1 Integrity Matters Mobile Application Development

The mobile learning application Integrity Matters aims to develop learners’ knowl-
edge and skills inAI by reinforcing six key values to guide understanding of academic
integrity. As outlined previously, our project goals were:

• instruct and reinforce the core values of AI through pedagogically sound and
validated modules with accompanying assessment;

• an educational approach to AI, rather than a punitive or disciplinary approach
embraced the mobile environment, allowing for anytime, anywhere learning to
occur; and,

• by virtue of it being mobile, it allows for learners to acculturate themselves to
post-secondary education and the core values of academic integrity before they
arrive on campus.

A diverse team from the University of Waterloo, including expertise from var-
ious academic departments (i.e., Math, Engineering, Social Work), the Office of
Academic Integrity, the library, the Centre for Teaching Excellence, as well as stu-
dent representatives, all participated in the development process of the app. Funding
was provided through a research grant from eCampus Ontario which supported our
project development (eCampusOntario 2017). Due to the Integrity Matters app being
funded by eCampus Ontario, whose mandate is to “support the evolution of online
and technology-enabled teaching and learning at Ontario colleges and universities”
(eCampus Ontario), this open-access mobile application operates with a Creative
Commons license so that other institutions may use the lesson plans, vignettes, and
quizzes and reuse and customize the content to their own needs. The Integrity Matters
mobile application is available for both Android and IOS operating systems, and it
is currently available in English, French, and Chinese languages.

20.3.2 System Design

The system utilizes a modular architecture, allowing individual components to be
upgraded over time. It contains an evaluation module for users to gauge their knowl-
edge and understanding of academic integrity concepts. It operates on a MYSQL
database system which stores the content, user information and data (see Fig. 20.1).
Users with different mobile devices can download and install the app through the
iTunes store or Google Play.1

1IOS (https://itunes.apple.com/us/app/integritymatters/id1355112345?mt=8)
Android (https://play.google.com/store/apps/details?id=uwai.dev.uwai&hl=en).

https://itunes.apple.com/us/app/integritymatters/id1355112345?mt=8
https://play.google.com/store/apps/details?id=uwai.dev.uwai&amp;hl=en
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Fig. 20.1 System design

20.3.3 Multiple Languages

The Integrity Matters app is a tri-lingual (English, French, Chinese) application,
designed primarily for post-secondary learners (see Fig. 20.2 for a screenshot of
the Integrity Matters home screen and the ability to select language of choice). To
appeal to a wide linguistic audience, the system was designed and developed in three
languages that are commonly used within learner demographics across Canadian
post-secondary institutions. Additional languages such as Russian and Punjabi are
under consideration for future development.
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Fig. 20.2 Integrity Matters
language selection

20.3.4 Content

The app encourages academic integrity through value-based active learning that sup-
ports learners’ academic success. “Real-life” scaffolded animated scenarios were
developed in each learning module to model the International Center for Academic
Integrity’s core values of AI: honesty, trust, respect, responsibility, fairness, and
courage (ICAI 20142). These key values are well recognized by the international
community of academic integrity practitioners and researchers. Each module con-
tains visually stimulating multimedia and interactive content, accompanied by a
definition of the core AI value addressed in each module (see Fig. 20.3).

Lessons depict authentic case scenarios with animated videos and text that involve
diverse challenges that studentsmay face, such as impendingdeadlines, peer pressure,
and cultural differences. The intention is to help students understand the basic values
of AI in academic life and beyond in hopes that they will strive to apply these values
in their actions as members of the campus community and in their everyday life.

2https://academicintegrity.org/fundamental-values/.

https://academicintegrity.org/fundamental-values/
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Fig. 20.3 Lesson structure

Learners are given a short quiz at the end of each module and are provided with
immediate feedback on how accurate their response was, to help them understand
the complexities of value-based decisions.

Upon successful completion of the modules and quizzes, students who demon-
strate their AI competency by successfully completing all six modules with a passing
grade of 75% or higher are awarded an e-certificate. In addition, students have the
option of a customized digital badge to recognize their successful completion (see
Fig. 20.3). A sample scenario and its related quiz are displayed in Fig. 20.4. Demon-
stration of specified learning outcomes is represented visually by a badge a digital
image displayed on a Web site accompanied by written information indicates the
issuer, date of completion, and criteria (see Fig. 20.5). Learners can claim a cus-
tomized badge at the CanCred Passport site3 and can choose to make their badges
publicly visible by exporting the badge to their social media account profile (e.g.,
LinkedIn, Facebook) or an electronic portfolio.

The app also contains a glossary, an alphabetical list of terms in the domain of
academic integrity knowledge and links to web resources concerning plagiarism, AI
materials, paraphrasing, and different citation styles (see Fig. 20.6).

The app features two games to enhance learners’ knowledge and understanding of
the core AI values (see Fig. 20.7). The first game requires students to correspond each
AI value with a definition within 60 s. In the second game, learners are tasked with

3https://passport.cancred.ca/.

https://passport.cancred.ca/
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Fig. 20.4 Scenario video and related quiz

Fig. 20.5 E-certificate and open badge

matching six vignette scenarios with a corresponding AI value. Recent research indi-
cates that gamification can engage learners and produce positive learning outcomes
(Kapp 2012; Su and Cheng 2013, 2015).

20.4 Methodology

A mixed-method non-experimental methodology structure in this research study
included University of Waterloo undergraduate study participants (N = 1149) and a
control group (N = 29) who completed pre-/post-tests, student questionnaires, focus
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Fig. 20.6 Glossary and resources

Fig. 20.7 Six values AI games
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Table 20.1 Pre–post-difference tests

Pre-test Post-test Difference

N Valid 1149 1149 1149

Mean 7.50 7.98 0.49

Median 8.00 8.00 0.00

Standard deviation 1.255 0.802 1.151

Minimum score 1 3 −6

group interviews, and tool usability testing. Participants were recruited voluntarily
through a usability study approved by the University of Waterloo research ethics
board (ORE #22437) via an email invitation conveyed across campus. Statistical
analysis revealed significant differences among participant groups regarding aca-
demic integrity testing results while the control group test scores did not improve
significantly from pre- to post-test. Data analysis with a one-sample T-test indicated
that students improved their test scores after completing the AI lessons by a mean
of 0.49; 95% confidence interval [CI] = [0.42, 0.55]. The pre-test mean was 7.50,
while the post-test meanwas 7.98 and the differencewas 4.9. Statistical tests revealed
that the score distribution of pre-test and post-test were significantly different. We
concluded the Integrity Matters module lessons significantly enhanced students’
academic integrity knowledge. A repeated measures one-way analysis of variance
(ANOVA) test (see Table 20.1) indicated significant differences between faculties in
the pre-test (p = 0.005) as well as in the pre-/post-difference (p = 0.008).

More than half of the data was gathered from first-year students (51.5%; 592 stu-
dents); participants also included learners studying in their second year (16.13%),
third year (13.58%), and fourth year (17.0%) of university. Fifteen (1.4%) study par-
ticipants were graduate students. Students from six faculties across campus were rep-
resented in the research study group; applied health sciences (6.63%), arts (12.22%),
engineering (48.87), environment (4.71%), math (12.39%), and science (15.18%)
(see Fig. 20.8).

Pre-/post-findings based on faculty. Students in the math faculty performed
poorly in the pre-test (7.18), but they improved the most compared to other fac-
ulties following completion of the lessons (0.73). From the ANOVA test, significant
differences between faculties were noted in the pre-test (p = 0.005) as well as in the
pre-/post-difference (p= 0.008). In the pre-test, all faculties outperformed the faculty
of math (see Table 20.2). In particular, the average score of applied health sciences
was higher than math by 0.475, arts was higher than math by 0.538, engineering was
higher than math by 0.276, environment was higher than math by 0.428, and science
was higher than math by 0.42. In the post-test, there was no significant difference
between faculties. Based on the average score, faculty of applied health sciences had
the best performance. In pre-/post-differences, faculty of math students improved the
most, while those in the faculty of arts demonstrated limited improvement.
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Fig. 20.8 Study sample based on faculty

Table 20.2 Performance based on faculty
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Gender differences between the pre-/post-test results? The first-year students’
sample population included 51.5% (592 students) of the entire sample. Male first-
year students accounted for 66.05% (391) of the population, while 32.77% (194)
were female students, and 1.18% (7) of the group were null gender (undetermined)
students. Following one-way (or two-way) ANOVA, the mean of one group was
compared with the mean of another using Fisher’s least significant difference (LSD)
test. The Fisher’s LSD test is similar to a set of individual t-tests and is only used
to follow up an ANOVA test. ANOVA and LSD tests were conducted to determine
whether any performance differences were related to gender; however, no significant
difference between gender groups in performance on the pre-/post-tests was found.

Canadian versus International student impacts? Canadian students and perma-
nent residents outperformed international students in the pre-test. In the post-test,
being an international student is negatively correlated with post-test score (Pearson
correlation = −0.063), which means international students did not perform as well
as other students in the post-test (see Table 20.3). However, international students
substantially improved their performance by 0.89 points (12.9%). In the difference,
there were some interesting results: Being a Canadian citizen was negatively corre-
lated with pre–post-difference (Pearson correlation = −0.134), while international
student status was positively correlated (Pearson correlation = 0.156). Therefore,
international students improved their AI knowledge more than Canadian students.

Based on theLSD test result, Canadian students’ scorewas 0.7 higher than interna-
tional students in the pre-test, while in the post-test, it was only 0.155 higher. Similar
results were observed with permanent residents and international student groups in
the LSD test. In the pre-test, permanent resident students outperformed international
students by 0.658. Yet in the post-test, this advantage was reduced to 0.153. No
significant difference between the Canadian students and permanent residents was
noted.

Table 20.3 Student performance based on citizenship



20 Academic Integrity in the Digital Era: Student Skills … 349

Table 20.4 Phone type comparisons

Dependent variable: pre-test

LSD

(I) Phone
type

(J) Phone
type

Mean
difference (I
− J)

Std. error Sig. 95% confidence interval

Lower
bound

Upper
bound

No ID 1.00 −0.311 0.476 0.514 −1.24 0.62

2.00 −0.113 0.476 0.812 −1.05 0.82

Android 0.00 0.311 0.476 0.514 −0.62 1.24

2.00 0.198* 0.074 0.008 0.05 0.34

IPhone 0.00 0.113 0.476 0.812 −0.82 1.05

1.00 −0.198* 0.074 0.008 −0.34 −0.05

*The mean difference was significant at the 0.05 level

Differences between Android and iPhone user results? There was a notable
difference betweenAndroid and iPhone users in the pre-test.No significant difference
was detected for the post-test and difference. An additional LSD test was conducted
to examine the mean difference between phone types (see Table 20.4). On average,
Android users outperformed iPhone user by 0.198 points in the pre-test.

20.5 Discussion

Multiple advantages were found for the mobile academic integrity tool. As an inde-
pendent program not limited to a learning management system nor controlled by an
internal technical unit, it can be monitored and updated as needed; hence, new learn-
ing objects can easily be kept current, fulsomely integrated, customized, and branded
for the institution. A certificate of completion and a digital badge can effortlessly
be shared with the university, individual course instructors, and with social media
(such as LinkedIn or Facebook) as proof of successful completion of the learning
modules. We explored the utility of the learning modules from the usability survey
by asking the 1149 study participants about their experiences using the app. Over
eight hundred and fifty (N = 858) learners who successfully completed the Integrity
Matters course material responded to the usability survey.

Overall, results from a usability survey indicated that almost 84% of students
agreed that learning about academic integrity with the mobile technology app pro-
vided flexibility for them to learn anywhere and at any time. A majority of users,
over eighty-one percent (81.3%), enjoyed the format of digital learning objects, and
they found the app easy to use. Sixty-six percent (65.88%) of survey respondents
indicated they would recommend to other learners that they learn about academic
integrity usingmobile technology. In addition, almost seventy-five percent (74.7%)of
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study respondents agreed that their academic integrity knowledge increased because
of completing these lessons. From our Integrity Matters pilot study, over ninety-eight
percent of learners successfully completed the post-test questions at a rate of seventy-
five percent or higher, demonstrating they learned to distinguish various aspects of
academic integrity.

We intend to roll out implementation of the Integrity Matters app across our
campus to first-year undergraduate students as an essential component of an academic
integrity milestone degree requirement. Exploration into translation of the tool into
additional languages, including Russian and Punjabi, will further enhance global
accessibility of the tool. The Integrity Matters open-access app is freely accessible
through a Creative Commons license, and additional colleges and universities have
undertaken their own customization and branding of the app.

Use of mobile technology for teaching and learning academic integrity in higher
education in both formal and informal settings is still an emergent area for explo-
ration and study, and further scholarly research will aid in determining best practices.
Academic integrity material curriculum designed to virtually reach first-year college
and university learners will help prepare them for successful academic experiences
while extending the walls of the classroom to make the leap into the workforce.

20.6 Recommendations

Based on our study findings, we believe that academic integrity, when understood
and reinforced through the mobile application Integrity Matters, provides a com-
pelling tool and resource to generate insight and spur the applicability of academic
integrity. Extrinsically motivating features such as the aforementioned digital badges
and e-certificate, or the embedded games within the app itself, help to sustain interest
in completing the modules. The core of the modules with scenario-based learning
and opinion-seeking assessment focuses first on what learners believe/know and
then builds toward enhanced academic integrity understanding with deep explo-
ration of a set of values that students can apply beyond academia. As a result, we
believe Integrity Matters has broad application well beyond our own institutional
context. Other institutions with similar AI challenges could use this tool as a pow-
erful, evidence-informed solution to teach learners in an environment that speaks to
them. Furthermore, due to the open-access nature of Integrity Matters, we encourage
institutions to use what we have developed and adapt it to their own higher education
institutional context.

20.7 Conclusion

It is imperative that an individual’s understanding and application of academic
integrity does not fall to the wayside or remain information that higher education
institutions assume will be learnt at some point in learner’s academic career. The
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core values of academic integrity guide much of what university students do; there-
fore, they require a solid foundation of AI upon which to base their understanding.
Future studies should explore the long-term impact of this mobile app intervention,
examine the enduring impact on student grades, and investigate whether or not these
core academic integrity values resonate throughout the academic career of learners.

The approach developed in Integrity Matters has shown to support stronger under-
standing of academic integrity, reinforced in a way that makes learning these values
worthwhile and evidences support for more mobile learning opportunities. This tool
has shown success across various faculties and diverse learner demographics, ensur-
ing that regardless who the learner is, academic integrity can be developed in this
capacity.
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Chapter 21
“Exploring Students’ Engagement
Within a Collaborative Inquiry-Based
Language Learning Activity in a Blended
Environment”

Eirini Dellatola, Thanasis Daradoumis and Yannis Dimitriadis

Abstract Recent studies have shown that both inquiry-based and blended learning
are beneficial pedagogies when implemented in language learning environments.
Also, collaboration can provide opportunities and many advantages to language
learners. Some of the latest studies have presented examples combining two or even
all three of these approaches inmany different disciplineswithmostly positive results
toward students’ learning outcome. However, there is little research work exploring
the combination of these approaches in the field of language learning and the correla-
tion thatmay exist with students’ engagement. To address this research gap, this work
presents an experimental study where participants were divided in experimental and
control groups. A quantitative analysis method was employed to collect and analyze
data concerning students’ perceptions as to whether a collaborative, inquiry-based
language learning activity in a flipped classroom had a positive effect on the learning
process. In particular, students’ engagement is explored at four levels: behavioral,
emotional, cognitive, and relational (social). The experimental group (EG) combined
all the above pedagogies, following a collaborative inquiry-based learning approach
in a flipped classroom. The control group (CG) followed a collaborative learning
approach in a conventional classroom environment where neither inquiry-based nor
blended learning methods were applied by the teacher. Our results showed that EG
students’ behavioral, emotional, cognitive, and social engagement was significantly
increased comparatively to the one of CG students. Moreover, EG students accom-
plished higher learning outcome concerning fluency and vocabulary range than CG
students.
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21.1 Introduction

Language learning is considered to be one of the most technologically advanced
fields of education. Recent studies in the field have shown that some of the most
promising trends for the years to come are collaborative learning, inquiry-based
learning and blended learning (Chong 2018). These approaches have been studied in
depth separately, and their benefits are widely accepted by the research community
(Dellatola et al. 2017; Hung 2015; Lee 2014). Particularly, all these methods have
been proved to increase students’ motivation and engagement as it is presented below
in the literature review section.

However, the combination and implementation of different technologies and com-
plex pedagogies can cause many difficulties in real classroom environments and cre-
ate the so-called complex classroom ecosystem (Dimitriadis et al. 2013). Currently,
there are a number of studies exploring the combination of two or even all three
approaches in many fields with promising results, particularly regarding students’
learning outcome (Hung 2015). Even so, little research has been conducted to the
combination of these approaches and the impact it may have on students’ engagement
in a language learning environment.

For the above reasons, in this study, we have implemented blended learning,
inquiry-based learning and computer-supported collaborative learning (CSCL) in a
real classroom environment in a private language school in Greece so as to measure
any differences in students’ engagement and their learning performance.

More specifically, this study aims to answer the following research questions:

1. To what extent has a collaborative inquiry-based language learning blended
environment achieved to enhance students’ behavioral, emotional, cognitive,
and social engagement in contrast to a conventional/face-to-face collaborative
learning approach?

2. Is there a significant correlationbetween the above twoenvironments and learning
outcome?

The first section of this chapter presents a short literature review ofCSCL, inquiry-
based learning, flipped classroom, and students’ engagement in language learning
field. The secondpart presents the process thatwas followed and explains themethods
used to select the sample, design the experiment, collect the data, and analyze them.
Finally, the third part presents the interpretation of findings, our limitations, and our
plans for the future work.
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21.2 Literature Review

21.2.1 Computer-Supported Collaborative Language
Learning

Computer-assisted language learning (CALL) is a field that has developed signif-
icantly in the last decades. Nowadays, it is a common practice among language
teachers to use technology—such as computers, tablets, interactive whiteboards and
furniture, augmented reality, etc.—during their lessons in order to increase students’
interest and motivation and incorporate some realia in the classroom.

Many of the language teaching methods that are currently used around the
world have originated from the Communicative Language Teaching (CLT) move-
ment, which supports the use of computer-supported collaborative language learning
(CSCLL) activities. Such activities promote the communication and collaboration
among students and offer students a more realistic environment. Collaborative learn-
ing has been considered to be one of the most effective instructional strategies in lan-
guage learning since it “has a ‘social constructivist’ philosophical base, which views
learning as construction of knowledge within a social context and which therefore
encourages acculturation of individuals into a learning community” (Oxford 1997;
Wen et al. 2010). Recently, the scientific community of CSCL has been encouraged
by Wen et al. (2015) to explore the potentials of collaborative language learning.

Studies that have been carried out in the field have shown that CSCL benefits
students’ learning in general. First of all, students feel more comfortable when inter-
acting with their peers. Collaborative learning improves communication and negoti-
ation skills and allows even the shy and slow students to participate more actively in
their terms (Chen et al. 2011; Clark 2003; Yamada et al. 2011). Other findings have
shown that CSCL plays important role for both high-ability and low-ability second
language learners because it promotes communication among students and scaffolds
more productive interactions (Wen et al. 2009). Furthermore, the use of collabora-
tion makes learning process more realistic and simulates the natural conversations
taking place outside the classroom. This allows learners to exchange ideas and opin-
ions without time and space limits and improves the quality of learning experiences
(Daniel Chen et al. 2008).

Researchers have also concluded that students are more motivated when they are
to work in groups. Language learners, in particular, need to use the target language to
interact with each other, which in turn improves their language skills through authen-
tic learning materials (Rosenberg 2001). Finally, another positive result of collabora-
tion is that learners usually exchange information in social and meaningful context,
which allows assimilating new information into the existing schemata of the learners,
and as a result, it improves performance in the target language (Domalewska 2014).
All the above benefits demonstrate that collaboration seems to enhance students’
motivation and helps to achieve the desirable learning outcomes (Zou 2010).
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21.2.2 Inquiry-Based Learning in English as a Foreign
Language (EFL)

Inquiry-based learning is a cognitive educational theory as well as a teaching and
learning approach in which students followmethods and practices similar to those of
scientists so as to construct knowledge (Keselman 2003). Similar to theway scientists
conduct investigations, students engage in researching activities in inquiry-based
classrooms in order to acquire knowledge (Deboer 2006). Inquiry-based learning is
often considered to be an approach that helps students solve problems and requires
the use of several problem-solving skills (Pedaste and Sarapuu 2006). Moreover,
it emphasizes active participation of students (Coffman 2009; De Jong and Van
Joolingen 1998) and involves the use of questioning to present materials and give
directions for teachers (Lee 2014). Inquiry-based learning aspires to engage students
in an authentic scientific discovery process.

Recent researches have proved that this approach hasmany advantages for learners
in general (Alfieri et al. 2011; De Jong et al. 2014; Furtak et al. 2012; Minner et al.
2010), but it is also believed to be very effective with language learners in particular
(Arauz 2013; Lee 2014; Nabhan 2017). Brown (2000) claims that students who
use inquiry-based and problem-based strategies are better language learners because
they are taught important metacognitive strategies. Furthermore, students have an
active role on developing their investigations and reaching their conclusions which
motivates them to pay more attention in class and be more willing to use the target
language (Arauz 2013). Finally, the use of technology in inquiry-based approach has
a positive effect in both motivation and construction of knowledge (Arauz 2013).

From a pedagogical perspective, inquiry-based learning is a complex scientific
process and needs to be divided into smaller, logically connected units that guide stu-
dents and draw attention to important features of scientific thinking. These individual
units are called inquiry phases, and their set of connections forms an inquiry cycle.
The educational literature describes a variety of inquiry phases and cycles (Bybee
et al. 2006; Klahr and Dunbar 1988; White and Frederiksen 1998). In our study, we
made use of the inquiry-based learning framework that was proposed by Pedaste
et al. (2015) that includes the phases of orientation, conceptualization, investigation,
and conclusion. It also includes the discussion phase that can be used at every point
during inquiry-based learning process and connects to all the other phases (Fig. 21.1).

21.2.3 Blended Learning in EFL (Flipped Classroom)

Blended learning combines both face-to-face classroom activities and other kinds
of online learning (Osguthorpe and Graham 2003). So and Brush (2008) describe
blended learning as “any combination of learning delivery methods, including more-
over face-to-face (f2f) instruction with asynchronous and/or synchronous computer
technologies”.
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Fig. 21.1 Inquiry-based learning framework from Pedaste et al. (2015)

One of the common examples of blended learning is the so-called flipped class-
room. Flipped classroom is a pedagogical approach in which the typical activities
performed in classroom (lectures) and the activities given as homework in a tradi-
tional teaching practice are reversed in order (Baker 2000). In other words, teachers’
explanations of the context of a textbook or a grammatical phenomenon are provided
for students through an online platform so that they will be able to study them at
home before they walk into classroom. Since students have already familiarized with
the theory of the lesson, more time is available to practice what they have been taught
at home under the direct supervision and assistance of the teacher. The opportunity
of personalized coaching, which a flipped classroom offers, is perhaps the greatest
benefit of this approach (Leis and Brown 2018).

Recent research has shown thatwhen implementing flipped classroomapproach in
language learning environments, there are many benefits for both the students’ moti-
vation and learning outcome. According to Basal (2015), flipped classroom “serves
the principles of personalized-differentiated learning, student-centered instruction,
and constructivism.” First of all, learning is personalized since students can study the
learning material before getting into class at their own pace. Also, this autonomous
aspect of learning enables students to choose when and where they want to view the
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learning material and have a control over how they prepare for the class (Egbert et al.
2015; Forsythe 2018; Lee andWallace 2018;Muldrow2013). Secondly, it is students-
centered because as Mehring’s (2014) study suggests there are more opportunities
for active learning in comparison with those available in traditional classrooms. Stu-
dents are highly active and greatly motivated to study harder and engage in class
activities (Baepler et al. 2014; Basal 2015; Leis 2015), while students take more the
role of organizer (before class) and facilitator (during class) (Basal 2015; Bishop and
Verleger 2013).

Additionally, there is more available time for teachers to cater students’ needs
since students have already gained newknowledge at home (Mehring 2014). Teachers
can manage available time to optimize their attention to each student, notice their
difficulties in understanding and applying new knowledge and scaffold their learning
process (Ekmekci 2017; Muldrow 2013). Moreover, a variety of learning activities,
such as group work, interactive discussion, and more, can be incorporated in class
time, which otherwise may not fit in a traditional curriculum due to time constraints
(Basal 2015; Egbert et al. 2015; Muldrow 2013).

Flipped classroom follows the learning theory of CLT, and learners collaborate
and interact with each other and their teacher in order to achieve understanding of
the lesson (Ahmed 2016). Last but not least, recent research has proved that flipped
learning has a positive effect on the learning outcome and particularly on students’
writing performance (Ahmed 2016; Afrilyasanti et al. 2016; Ekmekci 2017; Farah
2014; Hung 2015; Leis et al. 2015).

21.2.4 Motivation and Engagement in EFL Classroom

One of the key factors in students’ performance is motivation. Motivation can be
translated into students’ behavioral, emotional, and cognitive engagement (Davis
et al. 2014; Pilotti et al. 2017; Wang and Eccles 2012). Behavioral engagement
involves the active participation in learning activities, students’ effort, persistence,
and compliance with school structures. Emotional engagement means that students
must be interested and in a goodmoodwhen dealing with the activities, and cognitive
engagement means that students use actively some strategies in order to understand
information in depth and solve problems. A forth aspect, however, needs to be taken
into consideration; the relational or social engagement which refers to the sense of
belonging and the relationships that students develop with their peers, their teachers,
and the school (Fredricks et al. 2004).

Nonetheless, asGardner (2005) statesmotivation in language learning is somehow
different because “learning another language involves making something foreign a
part of one’s self.” He continues by saying that there are three important phases
during the process of learning a language: the past (past experiences, family, and
cultural background), the present (students’ current experience in classroom, teach-
ers’ behavior, and pedagogical procedures), and the future (use of target language
outside the classroom). Different studies have shown that motivation is one of the
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most important factors in language learning (Dörnyei 2014; Ellis 2009). Motivated
students aremore likely to attend language classrooms, take part in language learning
activities, and reach higher language proficiency regardless of aptitude differences
(Dörnyei 2014; Ellis 2009).

The vast amount of motivational frameworks in language learning, however,
makes it difficult to explain the exact role of motivation in second language acqui-
sition (SLA). Despite the long history of research in the field, there is still plenty of
confusion surrounding motivation, and our knowledge of the subject remains incon-
sistent (Dörnyei 1998). The history of motivation in SLA research can be divided in
three stages: the early studies which are represented by a macro-perspective and are
based on the learning outcome, the 90s studies which used a micro-perspective and
were concentrated on the situation and the context of learning, and the resent studies
which use a micro/macro-perspective and are more interested in the learning process
the motivation changes (Zareian and Jodaei 2015).

21.2.5 Engagement in Collaborative, Inquiry-Based, Flipped
EFL Classroom

Although a big amount of research has taken place regarding the benefits of inquiry-
based in EFL classroom (Arauz 2013; Lee 2014; Nabhan 2017), flipped EFL class-
room (Ahmed 2016; Afrilyasanti et al. 2016; Ekmekci 2017; Farah 2014; Leis et al.
2015), and collaborative EFL classroom (Chen et al. 2011; Clark 2003; Daniel Chen
et al. 2008;Domalewska 2014;Rosenberg 2001;Yamada et al. 2011; Zou 2010) sepa-
rately, there is still little research dealingwith the combination of thesemethodologies
(Hung 2015).

On the other hand, the existing literature usually focuses on the learning out-
come, and the benefits that learners may have regarding SLA and students’ moti-
vation are not examined. However, we have already discussed the importance of
motivation in language learning and language acquisition. Therefore, it is essen-
tial to examine the effect that the combination of these methodologies can have on
the students’ motivation in terms of behavioral, cognitive, emotional, and rational
engagement. Recognizing the gap in the literature, the current study tries to examine
these implications.

21.3 Methodology

Hereby, the methodological approach and research design that have been used in this
study are being introduced and discussed. A classic quantitative design is proposed in
order to arrive at answers to the research questions that have been posed previously.
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21.3.1 Participants

The participants of the study were teenage learners of English as a Foreign Language
(EFL) attending a private language school in Greece (n = 30). The sample was
chosen by means of purposive sampling since only the students of a particular level
of proficiency and upwards could take part in the activities and complete the given
assignment. For that reason, students of intermediate levelwere selected ranging from
levels B1 to B2 in the Common European Framework of Reference for Languages
(CEFR). The learners (18 girls, 12 boys) were mostly from the same cultural and L1
background (Greek), and only three were from a different background (Albanian).
All of them had at least some command of using computers and have been taught
English for more than five years.

21.3.2 Data Collection and Analysis

The participants were divided in two groups: an experimental group (EG) and a
control one (CG). Students had already been enrolled in different classes when the
experimental phase took place, and as a consequence, whole classes of five or six
students were assigned randomly in the one or the other group. The EG followed
a collaborative, inquiry-based learning approach in a flipped classroom. The CG
followed a collaborative learning approach in a conventional classroom environ-
ment where neither inquiry-based nor blended learning methods were applied by the
teacher. Both groups were given a pre-test to be assessed on their previous knowl-
edge on the topics presented afterward (past tenses, sequencing words, story writing
techniques).

Particularly, students of the EG, who followed a flipped classroom scenario, were
able to access a Moodle platform that contained all the necessary material that they
were supposed to study before the classroom session. Before the beginning of the
experimental phase,EGstudents hadbeenpresentedwith a session so as to familiarize
with the platform, and they were given their log-in credentials and details on the
material they had to study at home. In the classroom, students were given all the
necessary means (chat, web-based collaborative real-time editor) to collaborate with
their teammates, search for data to support their stories, analyze them, and produce a
piece of writing. Particularly, the final assignment consisted of the composition of a
story inspired by the Great Fire of London where students had to narrate their stories
as eyewitnesses using the data that they have previously collected.

Thebackground theories that havebeenused in this study are the theories ofCSCL,
flipped classroom, and inquiry-based learning. The tools that have been selected
are a Moodle platform to assist the flipped classroom and the online synchronous
collaborative tool Etherpad to facilitate the collaborative writing activity. Inquiry-
based learning has been performed through the use of Chrome Browser and Google
search engine, while a chat was available so that students could organize the research
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Table 21.1 Independent and dependent variables of the study

Independent variables Dependent variables

• Inquiry-based learning • Students’ behavioral engagement

• Blended environment • Students’ emotional engagement

• Collaborative writing • Students’ cognitive engagement

• Students’ social engagement

• Learning outcome (fluency, grammar, vocabulary range,
cohesion, and content)

and analyze their results. Some of the constraints are the limited time due to strict
curriculumand the fact that during the two-week experiment, someunexpected events
occurred (students’ absences due to seasonal illnesses, power cut due to extreme
weather conditions). The actors taking part in this study were the researcher, the
students, the EFL teachers, and the tools (Moodle, Etherpad) that have been used to
facilitate the learning process.During the classroom time, students had to collaborate,
search, write a story based on a historic event (as previously described), and afterward
answer a questionnaire.

Regarding CG, initially, the teacher presented in a traditional way the necessary
syllabus (past tenses, sequencing words, story writing techniques) in the classroom
and assigned some regular homework activities. Then, in the classroom, the teacher
presented all the necessary information about the historic event which the students
had to use to write their stories and encouraged the students to collaborate in order
to complete their assignment. Students were not instructed to search for additional
information online and used the computer lab equipment to collaborate face-to-face
and produced a piece of writing.

After the end of the experimental phase, students of EG group answered a ques-
tionnaire reflecting on their sense of engagement during the learning experience. In
particular, students’ engagement was explored in terms of behavioral, emotional,
cognitive, and relational (social) engagement. To assess the learning outcome, the
writings were marked by two different teachers in terms of fluency, grammar, vocab-
ulary range, cohesion, and content. The data collected by the questionnaires was
analyzed quantitatively in order to explore the possible correlations among the dif-
ferent variables we defined for this research. Table 21.1 presents the variables used
in the study.

21.3.3 Ethical Issues

In accordance with the ethical guideline issues by the European Union, privacy and
confidentiality were respected. The participants were presented with the aim of the
study and the nature of the research before the beginning of the experimental phase
andwere given a full description of the process, their rights, and their responsibilities.
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Also, students were provided with copies of consent forms that their parents or
guardians should study and sign for them (since all participants were under aged).
All signed consents were obtained from the participants before the commencement
of the study.

21.4 Findings

An analysis of research data gathered during classroom observations and the learning
activities is presented here along with the research questions that have been posed in
the beginning of the chapter that is addressed below.

RQ1: To what extent has a collaborative inquiry-based language learning blended
environment achieved to enhance students’ behavioral, emotional, cognitive, and
social engagement?

The majority of the participants who answered the final questionnaire (Appendix)
valued the learning activity as a good (53.85%) or a very good experience (46.15%).
In order to evaluate all aspects (inquiry-based, flipped classroom, CSCL) of the
learning activity, students were asked to answer questions regarding the different
factors of engagement for each aspect separately. Particularly, regarding the inquiry-
based learning, students declared that their behavioral engagement was moderately
increased by 46.7%, very much by 33.3%, and extremely increased by 10%.

With regard to the emotional engagement, students answered by 53.3% that they
felt much more interested in the topic and that their participation in the project made
them feel very much content. The majority (71.4%) answered that they did not feel
stressed because of the activity, and only one student answered that he/she felt very
stressed and insecure because of the inquiry process. The cognitive engagement
of the 44% of the participants was very much influenced, and the same happened
with the 37.8% of the participants relatively to their sense of belonging (relational
engagement). Figure 21.2 presents the trends in all four engagement aspects of the
EG.

Regarding the blended learning parameter, 30% of the students were very much
motivated (behaviorally, emotionally, and cognitively) to participate in the project.
73% of the participants answered that they felt no stress because of the nature of
the flipped environment. As Fig. 21.3 displays, social engagement was the least
influenced factor, with only 31.7% of the learners answering that they felt their sense
of belonging growing.

Finally, as regards the collaborative aspect, students’ answers appear to have a
greater standard deviation. Once more the dominant trend shows that all aspects
of engagement were positively affected according to students’ answers to the
questionnaire (Fig. 21.4).

RQ2: Is there a significant correlationbetween the above environment and learning
outcome?
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Fig. 21.2 How EG students’ behavioral, emotional, cognitive, and social engagement was
influenced because of inquiry learning

Fig. 21.3 How EG students’ behavioral, emotional, cognitive, and social engagement was
influenced because of blended learning

After evaluating the learning outcomes (stories) of both groups, it is evident that
the EG appears to be better in terms of fluency, grammar, and vocabulary range.
Particularly, in order to evaluate the learning outcome of the activity in both groups,
the texts of the students were assessed by two qualified EFL teachers and assessed
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Fig. 21.4 How EG students’ behavioral, emotional, cognitive, and social engagement was
influenced because of collaborative learning

with reference to their fluency, grammar, vocabulary range, cohesion, and content
according to the rubric shown in Table 21.2, which is based on the public IELTS
writing band descriptors.

The descriptive statistics suggest that EG’s texts achieved higher levels of fluency,
grammar, and vocabulary range. Content did not appear to have any difference, while
cohesion was reduced. However, the learning outcome in total was higher for the EG
as shown in Table 21.3. Additionally, a t-test on comparison of the means of the
two groups was performed in order to detect a possible statistical significance. Since
our sample was small, a non-parametric Mann-Whitney U test was also performed
which confirmed the results of the t-test. The difference in fluency and grammar
is statistically significant, while in vocabulary range, cohesion and content are not.
Hence, we can conclude that the learning outcome is overall enhanced in terms
of fluency and grammar, while any differences in vocabulary range, cohesion, and
content are not considered significant.
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Table 21.2 Writing assessment rubric

Band Fluency Grammar Vocab. range Cohesion Content

0 Does not attend
Does not attempt the task in any way

1 Fails to
communicate
any message

Cannot use
sentence
forms at all

Can only use
a few isolated
words

Fails to
communicate
any message

Unrelated
answer to the
topic

2 Lack of fluency Cannot use
sentence
forms but
only
memorized
phrases

Uses an
extremely
limited range
of vocabulary

Has very little
control of
organizational
features

Barely
responds the
topic

3 Lack of
fluency but
communicates
a basic
message

Attempts
sentence
forms but
errors in
grammar
distort
meaning

Uses only a
very limited
range of
words; errors
distort
message

Does not
organize ideas
logically

Does not
adequate
address the
topic

4 Minimal
fluency for the
task. Reader
may not be
able to
understand the
message

Uses only a
limited range
of structures.
Errors
predominate

Uses only
basic
vocabulary;
limited
control of
word
formation
and spelling

Ideas are not
presented
coherently, and
paragraphing
may be
confusing

Responds in
a minimal
way

5 Moderate
fluency for the
task. Reader
may have some
difficulty

Uses only a
limited range
of structures.
Make
frequent
grammatical
errors

Uses a
limited range
of
vocabulary;
noticeable
errors

Presents ideas
with some
organization but
paragraphing is
inadequate

Addresses
the task
partially

6 Some
inaccuracies
that do not
impede
communication

Uses a mix of
simple and
complex
sentence
forms; some
errors

Uses an
adequate
range of
vocabulary
for the task;
some errors

Arranges ideas
coherently but
paragraphing is
not always
logical

Addresses all
parts but
some are
more fully
covered

7 Sufficient
fluency.
Awareness of
style and
collocations

Uses a variety
of complex
structures.
Good control
of grammar

Uses a
sufficient
range of
vocabulary;
occasional
errors

Presents a clear
topic in each
paragraph.
Logically
organized ideas

Addresses all
parts but with
tendency to
lose focus

(continued)
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Table 21.2 (continued)

Band Fluency Grammar Vocab. range Cohesion Content

8 Fluently and
flexibly convey
precise
message

Uses a wide
range of
structures;
occasional
errors

Uses a wide
range of
vocabulary;
rare errors in
spelling

Uses
paragraphing
sufficiently and
appropriately

Sufficiently
developed
task

9 Natural and
sophisticated
control of the
language

Uses a wide
range of
structures
with
accuracy; rare
minor errors

Uses a wide
range of
vocabulary;
rare minor
errors

Skillfully
manages
paragraphing

Fully
developed
task

Table 21.3 Quantitative results of the learning outcome for individual and collaborative groups

Experimental Control

Minimum Maximum Mean Std.
D.

Minimum Maximum Mean Std.
D.

Fluency 5 10 7.33 1.97 5 7 6 0.63

Grammar 6 10 8.17 1.72 3 7 5.83 1.47

Vocab.
range

5 9 7.5 1.38 5 7 6.33 0.82

Cohesion 3 8 6.17 1.72 4 7 6.5 1.22

Content 4 9 7.33 1.97 5 8 7.33 1.21

Aveg.
learn.
out.

5.6 9.2 7.3 1.41 4.4 7 6.4 0.99

21.5 Conclusion

The current study presented an experimental study where students worked with a
collaborative inquiry-based language learning activity in a blended environment. A
quantitative analysis method was employed to collect and analyze the data from
the learning outcome (stories) and students’ answers to a questionnaire. Our results
showed that EG students’ behavioral, emotional, cognitive, and social engagement
was increased in many aspects compared to the one of CG students. Moreover, EG
students accomplished higher learning outcomes than CG students. Further research
carried out over a longer time frame, a larger sample, and a different approach with
a more holistic view based on mixed methods is needed in order to better understand
the potential of inquiry-based CSCLL activities in blended learning environments
regarding students’ motivation.

Furthermore, it is considered necessary to conduct further studies in such complex
learning environments in order to recognize the management problems that usually
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arise given that they are one of the main factors that teachers avoid using them in real
classrooms. The next step will be to propose the appropriate orchestration strategies
that should be applied in these environments so as to overcome those management
problems and enhance students learning experience.

21.6 Appendix

Technology-enhanced language learning classroom—students’ satisfaction ques-
tionnaire

1. Gender

• Boy
• Girl

2. Age

• 12–13
• 14–15
• 16–17
• Other

3. How will you evaluate your English proficiency?

• Very Good
• Good
• Medium
• Bad
• Very Bad

4. How will you evaluate your ability to use a computer?

• Very Good
• Good
• Medium
• Bad
• Very Bad

5. How much were you personally influenced due to the inquiry-based aspect of
the project? (scale question)

Behavioral engagement

• I was more motivated to complete the project.
• I was more willing to pay attention and participate in the class.
• I became more interested in the topic.

Emotional engagement

• I felt happy.
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• I felt stressed and insecure.
• I felt more self-confident.

Cognitive engagement

• I understood better and in-depth the topic.
• I thought that I could apply the same methodology to other projects.

Social engagement

• I felt an active member of a group.
• The relationship between me and my classmates was strengthened.
• The relationship between me and my teachers was strengthened.

6. Howmuch were you personally influenced due to the use of a flipped classroom?
(scale question)

Behavioral engagement

• I was more motivated to complete the project.
• I was more willing to pay attention and participate in the class.
• I became more interested in the topic.

Emotional engagement

• I felt happy.
• I felt stressed and insecure.
• I felt more self-confident.

Cognitive engagement

• I understood better and in-depth the topic.
• I thought that I could apply the same methodology to other projects.

Social engagement

• I felt an active member of a group.
• The relationship between me and my classmates was strengthened.
• The relationship between me and my teachers was strengthened.

7. How much were you personally influenced due to the collaborative aspect of the
project? (scale question)

Behavioral engagement

• I was more motivated to complete the project.
• I was more willing to pay attention and participate in the class.
• I became more interested in the topic.

Emotional engagement

• I felt happy.
• I felt stressed and insecure.
• I felt more self-confident.
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Cognitive engagement

• I understood better and in-depth the topic.
• I thought that I could apply the same methodology to other projects.

Social engagement

• I felt an active member of a group.
• The relationship between me and my classmates was strengthened.
• The relationship between me and my teachers was strengthened.

8. Do you think that the innovative methods used in this course helped you to
improve your knowledge and learn easier compared to the traditional methods
used in the classroom?

• Yes—a lot
• Yes—moderately
• I did not see any difference
• No—at all

9. How will you evaluate the whole learning experience?

• Very Good
• Good
• Moderate
• Bad
• Very Bad
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Chapter 22
A Conceptual Framework for Learners
Self-directing Their Learning
in MOOCs: Components, Enablers
and Inhibitors

Inge de Waard and Agnes Kukulska-Hulme

Abstract The conceptual framework presented in this chapter describes the learning
components influencing the learning experiences of adult informal learners engaged
in MOOCs offered on the FutureLearn platform. It consists of five learning compo-
nents: individual characteristics, technology, individual and social learning, organis-
ing learning and context. These five learning components are driven by two enablers
or inhibitors of learning: motivation and learning goals. For adult informal learners,
motivation is mostly intrinsic, and learning goals are mostly personal. This research
investigated the informal learning of 56 adult learners with prior online experience,
as they studied various subjects in MOOCs. Literature on MOOCs, mobile and
informal learning provides scientific support, in addition to literature clarifying the
rationale for self-directed learning as a focus of investigation. The participants of
this study voluntarily followed one of three FutureLearn courses that were rolled
out for the first time at the end of 2014. Data were collected at three stages through
an online survey (pre-course), self-reported learning logs (during the course) and
semi-structured one-on-one interviews (post-course). The data were analysed using
Charmaz’s (Constructing grounded theory. Sage, 2014) method for constructing a
grounded theory.

Keywords Informal learning ·MOOC · Conceptual framework · Grounded
theory · Adult learning

22.1 Introduction

This chapter reports on a study with adult informal learners using the Futurelearn
MOOC platform and outlines a conceptual framework that was developed as part
of this research. Bozkurt et al. (2016) analysed 51 theses and dissertations, and
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they concluded that “nearly half of the studies didn’t benefit from any theoretical
or conceptual perspective” (p. 203), pointing to the lack of frameworks for MOOC
research. The chapter reviews background literature before presenting the research
questions, methodology, research findings and conclusions.

22.2 Literature Review

22.2.1 Adult Learners and MOOCs: A Gap

Adult learners across theworld are taking advantage ofwidely availablemassive open
online courses (MOOCs).Research concernedwithMOOCdemographics shows that
most MOOC learners are already employed, well educated, from developed coun-
tries and have higher levels of formal education (Liyanagunawardena et al. 2015;
Breslow 2016). This contrasts with the target groups of the majority of research
studies investigatingMOOC experiences, which look at experiences of students who
have not yet graduated from higher education. For example, Kizilcec et al. (2013)
investigated three computer science MOOCs and concluded that “the vast majority
of active learners are employed full-time” (p. 171); otherMOOC literature highlights
the popularity of professional learningwithMOOCs (Mori and Ractliffe 2016;Wong
et al. 2018). Morris (2014) noted that “MOOCs attract an audience which is often
not predefined, from 16-year-old school students, current undergraduate and post-
graduate students, through to professionals and leisure learners. MOOC participants
are all at different levels trying to reach a clear learning goal from the same materials
within a defined learner journey” (p. 3). This chapter provides a conceptual frame-
work which relates to the learning experiences of adult learners engaging inMOOCs
and who already hold a first degree or a professional qualification.

22.2.2 What Is the MOOC Learner Experience?

Liyanagunawardena et al. (2013) noticed a gap in research related to the learner expe-
rience and the reasons why learners participate in MOOCs: “it would be valuable
to learn about the actual motivations in place, the percentage of participants taking
up MOOCs for those reasons, and to know how those motivations might vary from
one course to another” (p. 219). The interest in motivation is echoed in Kizilcec and
Schneider’s (2015) conclusion that there has not been a systematic approach to iden-
tifying learners’ motivations or how they relate to subsequent learning. But under-
standing motivational factors is not enough, as Terras and Ramsay (2015) pointed
out; researchers also need “to understand learners’ expectations and how they cope
with the specific challenges that are associated with MOOCs” (p. 477).



22 A Conceptual Framework for Learners Self-directing … 379

Breslow (2016) indicates we need a better understanding of the actual learning
experience in MOOCs. To explore the varying and shifting learners’ intentions for
participating inMOOCs, there is a need for newmetrics in addition tomore traditional
benchmarks of certification such as grades or completion that are often used in
traditional higher education. These new metrics will add to the understanding of
what actually happens in a MOOC (Kilgore et al. 2015; Milligan and Littlejohn
2016). Milligan and Littlejohn (2016) concluded that completion and retention rates,
as proxies for learning, are not the most appropriate measures to understand the rich
nuances of learning taking place within a MOOC context.

Researchers have found that most MOOC learners do not learn in a linear fashion.
Guo and Reinecke (2014) report that the most learners engage in nonlinear learning
trajectories that they do not follow a pre-established, sequential progression through
aMOOC. They also found that olderMOOC certificate learners coveredmore course
materials and repeated more lecture sequences than younger students. This led Guo
and Reinecke to conclude that older learners follow nonlinear, self-defined learning
paths and indicative of a field-independent learning style.Allowing learners to choose
what they want to learn “allows individuals to choose how to engage with courses
and is another strategy for supporting the diversity of learner needs” (Kizilcec and
Schneider 2015, 6: 21). This was supported by Littlejohn et al. (2016) who investi-
gated the learning behaviours of 788 MOOC participants, with follow up interviews
with 32 learners. They found that learners’ motivations and goals “shape how they
conceptualised the purpose of the MOOC, which in turn affected their perception
of the learning process” (p. 1). They also added that “research has not adequately
addressed the unique nature of learning and learners in MOOCs” (p. 1).

Finally, Terras and Ramsay (2015) made a rational argument for priority research
involving MOOCs and psychological elements: “The massive and open nature of
MOOCs places the control of learning at the discretion of the learner” (Terras and
Ramsay 2015, p. 472). They argue it is essential to evaluate the psychological chal-
lenges, barriers and enablers to effective engagement and learning inMOOCs. Gase-
vic et al. (2014) have emphasised the need to understand studentmotivation,metacog-
nitive skills, learning strategies and attitudes. These priorities and the prior research
findings all informed the design of the study reported in this chapter, which involved
learners using the FutureLearn platform.

22.2.3 FutureLearn MOOCs

In December 2012, the MOOC platform FutureLearn was founded by The Open
University, UK, as a company and within a couple of years it had attracted a large
number of partners and three renowned non-university institutions (Scanlon et al.
2015). FutureLearn sets itself apart from the other major MOOC platforms with its
outspoken focus on social learning.
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This study uses the definition of social learning as offered by Sol et al. (2013)
who define it as “an interactive and dynamic process in a multi-actor setting where
knowledge is exchanged and where actors learn by interaction and co-create new
knowledge in on-going interaction” (p. 36). FutureLearn has embedded social learn-
ing in its platform based on the conversational model of Laurillard (2013) which
places conversation and social learning at the heart of theMOOC platform (Ferguson
et al. 2015; Sharples 2016).

22.3 Research Questions

The literature pointed to a research gap and suggested the need for a study that would
provide a conceptual framework representing the experiences of adult learners who
engage inMOOCs, andwhere elements of characteristics, technology, social learning
and overall self-directing of learning would be positioned. This study specifically
investigated adult learners with two years or more prior online learning experience.
The following research questions arose.

Central research question: What characterises the informal self-directed learn-
ing of experienced, adult online learners engaging in individual and/or social learning
using any device to follow a FutureLearn MOOC?

The central research question is divided into four sub-questions:

• Which individual characteristics influence the learning experience?
• What are the technical and media elements influencing the learning experience?
• How does individual and social learning affect the participants’ learning?
• Which actions (if any) did the learners undertake to organise their learning?

22.4 Research Methodology

22.4.1 Data Collection

The participants of the main study followed one of three FutureLearn courses: “The
Science ofMedicines” organised byMonashUniversity in Australia, “Basic Science:
Understanding Experiments” organised by The Open University in the Uk, and “De-
cision Making in an Increasingly Complex and Uncertain World” organised by the
University of Groningen in the Netherlands. These three publicly available courses
were all rolled out for the first time in September 2014.

Three research instruments were used for collecting data in three stages: an
online survey (at the start of the course), learning logs (during the course) and
semi-structured one-on-one interviews with participants (post-course) carried out
remotely. The online survey was sent to the participants at the beginning of the
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course, to be able to gather background information on prior online learning expe-
rience and the use of different devices (tablets, smartphones, laptops, etc.). Based
on the information shared through the online survey the target group of experienced
online learners was chosen. In this study, the term “experienced” means that the
learner has had at least two years of prior online learning. The learners self-reported
on their FutureLearn course learning experiences by filling in learning logs provided
to them by the researcher. The semi-structured one-on-one interviews took place
post-course to gain a more in-depth understanding of the actual learning experience
of the learners based on their reflections on the experience. The questions for those
interviews were derived from the sub-questions related to this study, as well as from
the information shared in the learning logs (de Waard and Kukulska-Hulme 2019).

Once the data were collected, they were analysed using Charmaz’s (2014) method
for constructing a Grounded theory (GT). “Grounded theory is a rigorous method
of conducting research in which researchers construct conceptual frameworks or
theories through building inductive theoretical analysis from data and subsequently
checking their theoretical interpretations” (Charmaz 2014, p. 343). Thus, GT pro-
vides a flexible way of conducting research that prioritises exploration of the given
phenomenon in a predominantly inductive theory development paradigm (Birks et al.
2013), while also interpreting the results in an emerging theory, that was developed
into a framework. The analysis includedmemo-writing tomake the researcher’s train
of thought and possible prior assumptions transparent. The GT approach involved
open coding, line-by-line coding and focused coding in order to construct a grounded
theory that would provide insights into the self-directed learning experiences of
FutureLearn participants.

22.4.2 Target Population

The target population for this study was selected in a number of steps, including
recruiting volunteers for the study and selecting the participants based on their prior
online learning experience. An overview of the procedure to select the participants
can be seen in Fig. 22.1.

22.4.3 Data Corpus and Sample Size

The data corpus of the main study comprised the following:

• A pre-course survey, following signed informed consent sent back by the partici-
pants. 115 participants took the survey, all participants were selected to be part of
the study, but not all of them started sending back learning logs.

• Participants who completed learning logs: 56 (4 SOM, 15 BSE, 37 DMCW
participants).
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Fig. 22.1 Visual overview of the target population selection procedure for the main study

• Learning logs kept: 147 (15 SOM, 41 BSE, 91 DMCW; ranging from one to five
learning logs submitted by a single learner).

• Semi-structured one-on-one interviews: 19 participants (1 SOM, 4 BSE, 14
DMCW).

22.5 Research Findings

To ensure participant anonymity and data transparency, the data from all participants
were coded as shown in Table 22.1.

22.5.1 Which Individual Characteristics Influence
the Learning Experience?

Two key aspects emerged when investigating individual characteristics: motivation
and personal traits including emotion.

Table 22.1 Learner data coding description

Participant identifier: #DMCW/I/222 Description of each element of the participant’s
identifier

#DMCW #Course, i.e. Science of Medicines (SOM), Basic
Science—Understanding Experiments (BSE), Decision
Making in an Increasingly Complex World (DMCW)

/LL$ /Learning log (LL) or interview (I)

/222 /Participant ID
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22.5.1.1 Motivation

Motivation can influencewhat,when andhowwe learn (Schunk1995). Intrinsicmoti-
vation refers to “doing something because it is inherently interesting or enjoyable”,
and extrinsic motivation refers to “doing something because it leads to a separa-
ble outcome” (Ryan and Deci 2000, p. 55). In this study, the learners’ motivation
is mostly intrinsic, considering the emotional connections and the personal interest
that is expressed in the data.

Motivation prior to the course. 61% of the participants indicated they had a spe-
cific personal interest in the course. Of all the participants, 38% had a professional
interest in their chosen FutureLearn MOOC. When interviewed, the learners with a
professional interest in the course all indicated they had decided for themselves that
following a work-related MOOC might increase their own professional knowledge.
Motivation as mentioned in learning logs and interviews. The learning logs and
post-course interviews revealed that the professional or personal motivations vary
from course to course. The biggest difference in motivation based on coding the
excerpts was in the DMCW and BSE courses. The DMCW course is mentioned
more frequently in relation to the participants’ professionalmotivation (65%), and the
BSE course hadmore learners referring to motivation based on their personal interest
(29%): “As a scientific dad and a geek, experiments and nature exploration are the
ideal form of play with my children. We have a lot of fun together” (#BSE/LL/125).
Motivation for completing a learning episode. Learners who were professionally
motivated completed 74% of the learning episodes. Learners who indicated personal
motivation to follow the course completed 38% of the learning episodes they started.
Overall, the participants indicated that 79% of their learning episodes were success-
ful. Success is described as being task-related, as well as a personal feeling of success
either made explicit by an emotional remark or indicated directly as successful by the
participant. Success does not mean that the task or course activity is done according
to the expectation of the course organiser, but rather that it is successful as perceived
by the participants.

22.5.1.2 Key Personal Traits and Emotions Influencing the Learning
Process

Two personal traits related to individual characteristics emerged most frequently
during the line-by-line data analysis: perseverance and self-confidence.

Perseverance. Perseverance was mentioned by 16 participants. Some learners had
to reflect on whether or not to learn all the details of a course. Participants indicated
their need to grasp all that they felt needed to be done and this was supported by
their emotions. Learners can be particularly stimulated by unforeseen context or
content, the satisfaction of having learned, and the affinity they feel with the course.
Participant #SOM/LL/109 wrote “I’m finding the course more and more interesting
as it goes on which is motivating me to spend more time on it”.
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Self-confidence. Self-confidence was mentioned explicitly by 15 participants. The
data related to self-confidence ranged from the learner’s views on their own learning:
“I’ve found that my brain wasn’t so stiff and still opened for some new knowledge”
(#DMCW/I/167); learning within the course itself: “First I felt stupid but then I
reminded myself that that is why we do experiments, to test our hypothesis and not
just make assumptions” (#BSE/LL/132).
Self-confidence impacting social learning. Self-confidenceplays a role in triggering
social learning action. Hovering between individual and social learning are those
learners that seem to be willing to interact with others, yet do not always feel certain
enough (yet) to do so. Sometimes this uncertainty stems from a practical issue:
“Connecting with others was a bit more difficult this time, because it was in English
and I’m not a native speaker in English” (#DMCW/I/222), at other times it is related
to a personal sense of esteem or pride.
Emotional language and learning. In both learning logs and interviews, the par-
ticipants used emotional language to support accounts of their self-reported learning
experience. The emerging data suggested that content and facilitators can inspire the
learner. When the content of the course aligned with personal expectations or needs,
it added to the pleasure of learning, e.g. “the idea of being able to visualize the stuff
of life is very appealing!” (#BSE/LL/103). The timeliness in terms of content and
tools was appreciated by learners wanting to stay on top of their field, e.g. “having
access to very up-to-date information was very stimulating” (#DMCW/I/179).

22.5.1.3 Findings on Individual Characteristics

Intrinsic motivation seems to have a profound effect on learning within FutureLearn
MOOCs. It makes the learner decide which course they want to follow, based upon
their own interest. The usefulness of the course content in terms of their professional
and/or personal interest also increases the learners’ motivation, especially in terms
of completing a learning episode. Once the course is rolled out, the content and
information provided in the course can also alter motivation depending on the prox-
imity of the course to the professional or personal context of the learner. The data
shows that self-directed learning within FutureLearn courses is driven or held back
by intrinsic motivation, ignited by the course content and personal interpretation of
the usefulness of the course for the learner’s benefit. This makes intrinsic motivation
an important inhibitor or enabler of self-directed learning in FutureLearn courses.

Personal traits and emotions play a role in theFutureLearnMOOC learning experi-
ence. Specific personal traits such as self-confidence and perseverance let the learners
self-direct their learning towards specific learning actions (engaging with content or
peers). Emotions colour the learning experience; they can deter learners from learning
or stimulate them.
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Table 22.2 Devices used by the learners to access the course (n = 147)

Devices Smartphone Tablet Laptop Desktop Other

Percentages (%) 13 12 45 26 4

22.5.2 What Are the Technical and Media Elements
Influencing the Learning Experience?

Technology is a necessary component of online learning, as learners need technology
to access the learningmaterial. This section pertains to the devices used, FutureLearn
course elements, and learning new tools suggested in courses.

22.5.2.1 Multitude of Devices

FutureLearn courses are only accessible online, although some of the resources (e.g.
videos, transcripts and texts) can be downloaded to be used offline as well. This
means that all learners must have access to the FutureLearn platform with a Web-
enabled device in order to learn. Table 22.2 gives an overview of which devices were
used to access the courses.

Depending on the demand of the course resources (e.g. processor-demanding
tools, or visually complex tools) different devices were chosen, where the more
demanding parts of the course were mostly accessed via laptop or desktop. Learners
worked with a preferred device, but depending on the context learners switched to
other devices, mostlymobile devices as these allowed them to engage with the course
from a different location.

22.5.2.2 FutureLearn Course Elements

The FutureLearn platform uses different features to create the course environment.
In the learning logs participants, often referred to their use of FutureLearn features:
selective use of media, the conversational commenting option and videos were men-
tioned as easy learningmaterial. Experienced learners understand the benefits related
to specific media: e.g. the benefits of captioned videos: pausing, reflecting, having
another look and looking at the behaviours in the video (real cases, possibly authentic
settings). Learners watched the same videos at different moments in their learning
episode to increase their understanding of the content.

By gradually building solutions for working with the online tools the experi-
enced online learner creates a practice that enables learning with the old and new
technology. The study found that the new features of a platform can disrupt this
familiar practice, or it can open up new found opportunities, such as this positive
reference to FutureLearn’s feature “mark as done” button: “To finish the course and
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not leave any areas undone. I like to see the pink colour and not the blue for undone”
(#DMCW/LL/114).

22.5.2.3 Learning New Tools Suggested in Courses

Learners shared remarks on specific tools that were part of a specific FutureLearn
course. In the case of theDecisionMaking in aComplexWorld course, the facilitators
referred to tools that are used to demystify complexity in networks: Lightbeam was
mentioned by 11% of the learners, although it was not a mandatory tool to explore.
This tool triggered interest because of its personal as well as professional potential.
Lightbeam is a tool to visualise who is following your own writing or any electronic
actions on the Web.

22.5.2.4 Findings on Technology Influencing Learning

Technology plays an unavoidable role in learningwithin FutureLearn courses. Learn-
ers have to connect to the course through an Internet-enabled device, and then learn
to navigate through the content using the course tools as well as topic-specific tools
provided in the course. It is the learnerwho self-directs their learning andwho decides
which parts of the technology might be beneficial to their learning at present, as well
as for the future (e.g. considering the benefits of learning new tools). Admittedly,
this learners’ choice is confined to the boundaries set by the course designers as well
as the technical limitations or affordances of the FutureLearn platform.

22.5.3 How Does Individual and/or Social Learning Affect
the Participants’ Learning?

This section presents and interprets the data regarding individual and social learning,
starting with the individual learning experiences and moving to the social learning
experiences. The main categories that emerged were: individual learning actions,
social learning: connecting and sharing and social learning actions.

22.5.3.1 Individual Learning Actions

The 63% of the learners completed the learning episodes by themselves, learning
individually, and subsequently are addressed as individual learners in this section.
Individual learners take the following actions: viewing and reading course media,
reflecting on content, looking for answers on the Internet, linking to prior knowledge
(de Waard and Kukulska-Hulme 2019). Although individual learners refrain from
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engagement in any discussions, or in commenting, they did testify that they looked
at those FutureLearn spaces to find answers to their course-related questions: “If I
have not understood something I will read or listen to it a couple of time. Alterna-
tively, I will take a look on the forum to see if there have been any useful comments”
(#DMCW/LL/125). Lurking seemed a deliberate action, following unresolved ques-
tions: “I really only look to see what others have written if I don’t know the answer”
(#SOM/LL/104).

Individual learners did not want to interact with others based on time considera-
tions as well as their own personal preference: “I live by myself so tend to solve my
own problems by myself” (#SOM/LL/102). In order to find solutions by themselves,
the individual learners include resources outside of the course: “[I] like to try to
figure it out on my own when possible unless I am really stuck. Then I might look at
the forum or online via a search engine or in my reference books” (#BSE/LL/132).

22.5.3.2 Social Learning: Connecting and Sharing

The 37%of all participants indicated they connected and/or shared their learningwith
others (course participants, family, friends, partner and professional colleagues).
Looking for answers versus experience sharing. This study revealed that partic-
ipants turn to different people when looking for answers, or when sharing course
experiences. In Table 22.3 only the quantitative data from BSE and the DMCW
course were considered, as there were only four SOM participants and those were
mainly individual learners.

Table 22.3 provides an overview of who learners interacted with, either to look for
answers or share their course experiences with. These data come from the learning
logs where learners were asked to indicate who they interact with, which was then
cross-tabulated with the two options of either looking for answers or sharing experi-
ences.Most interactions involved engagingwith course peers. 49%of the participants
from the BSE course connected with people inside the course, but remarkably 45%

Table 22.3 Who people turned to in order to find answers and who people connected to in order
to share their FutureLearn course experiences

Mostly inside course
(in %)

Mostly outside course (in %)

Looking or
sharing
answers
with others
(n = 147)

Course Course
facilitators

Course
peers

Professional
colleagues

Friends Family Partner Other
(%)

Looking
for answers

BSE 12 37 11 4 19 11 6

DMCW 17 45 10 8 5 8 7

Sharing
experiences

BSE 2 35 13 13 30 7 2

DMCW 1 32 17 16 19 15 0
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of them were also looking for answers with people outside the course. For the partic-
ipants from the DMCW course, the percentages were 62% connecting with people
inside the course and 31% outside the course. In the case of sharing experiences,
the interactions with others outside the course outnumber the interactions inside the
course.

The course facilitators were mainly contacted by learners in order to find answers
to learners’ questions, and they were barely contacted when it came to sharing expe-
riences. Facilitators were seen as part of the formal side of the course. This meant that
facilitators were contacted to solve specific difficulties with learning episodes, but
also for technical reasons, e.g. “I would only contact Course Facilitators something
didn’t work (like videos)” (#DMCW/LL/152).

There seemed to be specific triggers to enter into social learning interactions
inside or outside the course while looking for answers, e.g. “seeing parallels with
my partners work problems”, #DMCW/LL/154, people close by or familiar (e.g.
“My friends and cousins mostly help me”, #DMCW/LL/178), and the professional
networkwas used consciously by the learners for their content expertise, e.g. “Subject
Knowledge from their work in financial services industry” (#DMCW/LL/106).

To find answers learners consider who would be able to help them, indicating
an overlap of interests or contexts within their personal relationships: with friends
and partners. Friends were more frequently interacted with to share the FutureLearn
experience. Learners also simply shared what they are doing with others, without
necessarily wanting answers to questions. Although less learning goal oriented, the
sharing does have a learning effect, adding to the grounding of the course content:
“I will explain what I have learned to my partner in future as a way of consolidating
my learning” (#SOM/LL/101).

Learnerswere not only looking for answers, they also shared their ownknowledge.
The social learning happened inside as well as outside the FutureLearn course.

22.5.3.3 Social Learning Actions

Social learning involves learners interacting with each other, either online or in real
life (de Waard and Kukulska-Hulme 2019).
Choosing who to interact with. In a classroom, be it digital or face-to-face, the
first few weeks allow learners to assess who they need to talk to in order to find
answers. In a FutureLearn course, learners need to decide who they want to connect
to within a short timeframe, i.e. more or less within the first week. FutureLearn offers
the option to “follow” other learners or indicate which comments you “like”, both
options being used by learners to facilitate their learning. However, because of the
size of the learner group this selection procedure does not always feel exactly right,
as the following learner testifies:
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The comments in a MOOC of this size are really difficult to keep track of….I am afraid
that if I filter comments by whom I “follow”, I will miss out on the few people whose com-
ments are neither “liked” nor “followed” but which I might find very deep and meaningful.
(#DMCW/LL/124)

In order to achieve the best possible social learning option, the learners build on
their familiar practices and test out new course options.
Reflective actions. Reflecting on the content was a recurring action in the learn-
ing logs, ranging from individual reflecting to openly social reflecting. Reflective
actions are an essential part of learning, and due to the social learning availability
within FutureLearn courses, extra reflections are triggered from the social interac-
tions. These additional reflections might be triggered by previously unknown peers,
or known people in the social circle of the learner (e.g. partner, family).
Cohort learning. FutureLearn courses have a clear starting point, thus offering the
opportunity to move forward in a cohort of learners. Cohort learning can add to the
group feeling for learners. Cohort learning also drives learners forward due to its
social learning benefits: “I wanted to complete the 2nd week of the course before
next week so that I am not behind, as otherwise you are not part of the discussions”
(#DMCW/LL/164).

22.5.3.4 Findings on Individual and Social Learning

The majority of learning within FutureLearn courses happened individually. In order
to fully understand the course material and/or to fulfil personal learning needs, the
individual learner moves in and out of the course to find answers. Although not
actively engaged in anydiscussions, or in the commenting sections of theFutureLearn
courses, the individual learners engaged in lurking or deliberately looking for answers
in social spaces without engaging in these social spaces.Whether or not an individual
learner decides to enter into social learning depends on the perceived time investment
needed, their personal preference to be either social or not and its perceived benefit,
as well as their willingness to contribute. Once social learning is part of the learning
process, different social actions are undertaken to achieve additional learning success
which was not (yet) attained by a learner’s individual learning. Learners look for
answers inside and outside FutureLearn courses, they also share their experiences
with peers inside and outside of the course. Because of the increased amount of
learners inside the courses, more reflective triggers are available.
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22.5.4 Which Actions (If Any) Did the Learners Undertake
to Organise Their Learning?

The FutureLearn participants self-directed their learning based on the followingmain
categories related to organising learning: scheduling, taking notes and personal goal
setting.

22.5.4.1 Scheduling

The learner schedules their learning depending on available time and considering the
return on time investment in social learning.

Available time. Time is a reoccurring influence on organising learning. The learner
mediates the time they are willing and able to put into the course throughout the dura-
tion of the course and will re-evaluate that time investment depending on new factors
(e.g. workload increase, relevance of content). When less time is available, they look
for solutions that permit them to follow the course despite the new time restrictions:
“work has been very busy and so the course has taken a bit of a back seat. Previously,
if learning episodes have been difficult I will sometimes just move on an[d] accept I
may not understand or complete that particular challenge” (#DMCW/LL/125).
Time investment in social learning. Learners referred to the time investment of
social learning or time they were willing to dedicate to discussions. Time seems to
limit or increase willingness to collaborate: “When I am away lots of work builds
up, and I have a queue of tasks awaiting my attention. I watched the videos, includ-
ing the two external links, and completed the quiz. However I did not read any
of the comments from the other learners, nor did I contribute to the discussions”
(#DMCW/LL/100). Consideringwhether or not to invest time also takes place in rela-
tion to additional information provided by course peers, especially additional links
to resources. Willingness to dedicate time stands in close relation to the usefulness
of the content as perceived by the learner.
Keeping notes. Keeping notes was a frequent action to organise learning, and it
occurred in all three courses. 70% of the participants indicated that they kept a
personal learning record, either digitally or on paper or a mix of both. Of all the
participants taking notes, 48% of the learners indicated that they used some sort
of personal notebook (which in one course—Basic Science—was provided by the
facilitator to all learners as an “activity booklet”).

Noteswere kept to highlight useful content, to reflect uponmore complexmaterial,
and to be able to recall content later on. Keeping notes emerged as a very common
way to self-direct and organise learning. The way learners keep notes is related to
their previous familiarity with certain note-keeping tools.
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22.5.4.2 Personal Goal Setting

The reasons to register and be active in a FutureLearn course can originate in both
personal and professional motivations. Some learners are motivated to enrol in spe-
cific courses based on personal learning goals. Looking at the nature of the learn-
ing goals, some learners only referred to the course at hand as a form of contin-
ued professional development, e.g. “[I want to] understand what entrepreneurship
is and reflect on how it might apply to my work (director in a local authority)”
(#DMCW/LL/111), or a way to further their personal goals, e.g. “The main impact
is that I’m now putting together my Ph.D. proposal on Network models, thanks to the
course” (#DMCW/I/220). In total 9% of the participants referred to studying other
courses on top of the investigated FutureLearn course.

Range of personal learning goals. The learning goals set by the participants vary
from specific, personal, to a more general interest, and include specific time-related
content actions. Twelve learners indicated not having specific learning goals. The
idea of having a clear learning goal or not was often aligned with learner testimonies
on their approach to learning. There are participants that have a clear learning plan,
and those that “take it as it comes” (in terms of timing, sections covered and learning
interactions undertaken). However, when looking at the learning goals the learners
set for themselves, 83%of the answers paralleled the course objectives. This included
the participants who said they take the liberty of learning whatever strikes them as
interesting, but still they follow the predefined learning journey as set by the course
designer.
Selecting content. The way learners select content is part of their personal learning
goals (based on learning needs they self-define), but also based on prior online learn-
ing experiences (deWaard and Kukulska-Hulme 2019). Whether a learner decides to
put extra effort into understanding specific content, which depends on the perceived
benefit of the content in view of their own learning goal. Once content is selected
based on a learning goal, the learner structures the learning depending on available
time: “Breaking down learning into smaller parts over a period of time enables me to
complete the workload and increase my effectiveness at managing multiple learning
goals” (#BSE/I/115). The learning goals of the learner self-direct them to select and
structure specific content from the course to reach their own goals, which are not
necessarily the goals of the course facilitators.
Curated content benefit. MOOCs offer curated quality content, selected by the
course organisers. The content is selected and organised by people who are experts
in a particular field and supported by their institutions. Open searches for information
are time intensive as the right information needs to be found and selected, but with the
emergence of MOOCs finding relevant content has become easier. This reality was
reflected in the learning logs: “I wouldn’t really knowwhere to start on the internet to
investigate the metronomes as an illustration of emergence. It’s quicker and simpler
to ask others on the course” (#DMCW/LL/121). The fact that the course content is
curated does not prevent learners from searching for additional information outside
of the course. 31% of learners searched for additional information on the Internet,
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and 21% searched for additional information in non-digital resources. Because the
information in FutureLearn MOOCs is curated, the content is consistent with the
thinking of the course content experts. This consistency gives a feeling of trust,
which can be brought out of balance by new, external course content made by others:
“I followed a couple of the external links suggested in the discussions, but generally
stopped if I felt that it was taking too much time or I was straying too far from the
main syllabus” (#DMCW/LL/120).

The quest to achieve personal learning goals can vary from simple one-step learn-
ing goals where what is learned is immediately relevant to a specific learning goal,
to more elaborate ways to reach a personal learning goal, e.g.: “[From the discus-
sions] I already realised last week that in my subject (history), understanding the
networks is critical. This learning episode reinforced that. I intend to use social net-
work analysis software such as Gelphi in the future, but I must first learn how to use
it.” (#DMCW/LL/129). In this example, the learner starts from a FutureLearn dis-
cussion about a topic (History), identifies a need to reflect on the structure of social
networks, which leads to a personal goal to learn a new software tool which will
result in additional knowledge related to their own context. The latter remark also
shows that once social learning has happened, integrating the new knowledge in the
personal context happens individually, adding to the personal aspect of the learning
experience.

Personal goals direct the learner towards specific learning actions. Depending on
the return on expectations of following or taking action in a FutureLearn course,
participants decided to invest more or less time in specific parts of the course.

22.5.4.3 Findings on Organising Learning

Learning within FutureLearn courses is organised by scheduling time, note taking
during the learning process and selecting what is learned depending on personal
learning goals. The learner plans their learning in accordance with available time,
the relevance of the content, the social learning benefit and related time investment.
Note taking is done primarily to ground what is learned, and to be able to retrieve
information later on. Notes are kept by learners mostly using their preferred tools,
even if alternative note taking options are provided by the course organisers. Learners
shape their learning based on learning actions that are guided by their personal
learning goals. Learning goals have an important impact on the self-directed learning
as it makes learners select specific content, mediate whether they want to invest more
or less time given the perceived results, and attaining bigger goals, for example in
relation to careers. The personal learning goals of the learner also affect the action he
or she takes with regard to engaging in social learning or which tools or technologies
they want to use and learn. This means that personal goal setting is not limited to
organising learning, but it affects other learning components as well. This makes
personal learning goals important inhibitors or enablers of self-directed learning in
FutureLearn courses.
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22.5.5 Context

Context was a reoccurring category emerging from the data analysis, but which was
not directly reflected in the research sub-questions. Context is interpreted here as
defined from the perspective of the learner and related to three personal environments:
“the learner’s external environment (workplace, learning space, social relations, etc.),
internal environment (prior knowledge, philosophical views, learning goals, etc.) and
digital environment (prior technological experiences, online tools, etc.)” (Downes
2004).

22.5.5.1 Contextualising Content

The contextual relevancy is a basis for selecting specific parts of the course that are
skipped or studied: “I choose the topics that seemed relevant in relation tomypersonal
interests and/or as teacher; I skipped the ‘ICT-exercises’ playing with the computer
models” (#DMCW/I/222).Context has an effect on the learning experience; it enables
learning once the learner feels that the content is in some way related to their context.
Content which is applicable to the learner’s own profession or interest, works as an
extra motivation. This could be content with a direct link to the learner’s profession,
or related to a parallel process: “as a teacher and developer I apply the concept
of emergence in curriculum development and in my lessons social sciences at the
University of Applied Sciences” (DMCW/I/222). This perception of proximity of
the content and its impact on learning was also found in relation to selecting peers
to interact with.

22.5.5.2 Proximity of Context as Motivator

References to personal or professional context emerged frequently, and in relation
to being motivated or not. Context emerged while learners referred to their work-
ing or personal environment and the impact of circumstances on their learning. The
content-related data revealed that a learner’s context, whether personal and/or profes-
sional, influences their motivation. Motivation changes with the learner’s response to
a feeling of contextual proximity to the examples and/or content of the FutureLearn
course.When the content seemed to fit a personal/professional purpose, their motiva-
tion increased, e.g. “[the content was] closely related to my own skills, mathematics
and computer programming, for example. This inspired me to write my own agent
basedmodels or cellular automata.” (#DMCW/LL/140). The proximity of the context
can also be induced by personal experience “I discussed what I had learned with my
son as he has experience ofme being onmedication for depression” (#SOM/LL/101).
Whatever the reason behind the connection, there is a relation between the context
of the learner and the resulting motivation to learn.
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22.5.5.3 Findings on Context Relevance

The learner’s perception of any contextual similarities between their own context
and the context proposed in the course, or shared by course peers impacts the learn-
ing experience. This perceived similarity of context can be related to the learner’s
external environment (e.g. workplace, peers that have similar interests), the internal
environment (e.g. personal learning goals) and the digital environment (e.g. online
tools). The familiaritywith the course context has a stimulating effect on self-directed
learning, as it enables the learner to bring the information within a contextual reach,
linking it to the learner’s prior knowledge or experiences.

22.6 Conclusion

This study reveals a conceptual framework consisting of five learning components:
individual characteristics, technology, individual and social learning, organising
learning and context. Each of those learning components harbours key categories
that have a major impact on the learning processes within that particular component.
Each of the five components is influenced by the other components. In addition,
there are two major enablers/inhibitors of self-directed learning within MOOCs:
motivation and learning goals, where motivation is mostly intrinsic in nature, and
the learning goals mostly personal. A visual representation is given in Fig. 22.2.

Motivation and personal learning goals have a major impact on each of the five
learning components. Motivation (inmost cases intrinsic) keeps participants wanting
to keep on learning. If the learning goals are not addressed by the course content,
learners stop engaging with the course. If the content inspires, the learning goals
(either professional or personal) are what make learners move above and beyond the
barriers that each of the components might induce in them, e.g.: they will solve tech-
nological problems, they will connect to others despite having a preference for indi-
vidual learning, theywill overcome lack of self-confidence as a learner characteristic,
or they will organise their learning against any time constraints they encounter.

The results of this study provide a conceptual framework for the informal learning
experience in MOOCs offered through the FutureLearn platform, specifically from
the learner’s perspective as this research emerged from the voices of the learners
who shared their self-directed learning experiences through self-reported learning
logs and interviews. Veletsianos and Shepherdson (2016) already emphasised the
importance and need for more qualitative research as “learners’ voices were largely
absent in the literature” (p. 17). The fact that Charmaz’s constructing GT approach
was used, added to the ability of the study to give an outlet to the voices and experi-
ences of the learners, as the learners self-reported their learning (inmultiple instances
all through their FutureLearn course experience), and added additional meaning to
their learning logs by engaging in one-on-one interviews.
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Fig. 22.2 Five learning components and two key inhibitors/enablers of learning

Glossary of Terms

Learning episode A period of time during which a learner is engaged in learning.
MOOC A massive open online course, available to all on the Web.
Social learning Generally, understood to be a theory of learning and social

behaviour which proposes that people learn by observing and imitating oth-
ers. However, there are other definitions, such as the one adopted in this chapter:
“an interactive and dynamic process in a multi-actor setting where knowledge is
exchanged and where actors learn by interaction and co-create new knowledge
in on-going interaction” (Sol et al. 2013, p. 36).
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Chapter 23
Best Practices Using Flipped Classroom
in Teaching a Second Language
in Different Learning Environments

Ismael Rumzan

Abstract This chapter will look at the lessons learnt in the application of the flipped
classroom method to several learning environments. It will cover the teaching of
Arabic as a second language to mostly English native speakers in a face-to-face
environment using a variety of flipped technologies and teaching coding to Arab
native speakers (mostly Syrian refugees) in a project-based and blended learning
environment. In the case of learning Arabic for native English speakers, the chal-
lenge arose out of Arabic teachers at lower levels (beginner or intermediate) having
difficulty teaching concepts related to Arabic grammar. Through flipped classroom
with videos that had been recorded by an English native speaker, instructors over-
came this difficulty such that these videos are now part of the normal curriculum for
these two levels. In the same learning context, but at higher levels, interactive flipped
classroom videos were employed to increase the comprehension of students prior to
class and decrease their frustration, thereby improving the level of engagement and
active learning in class. For the teaching of coding using flipped videos and coding
platforms, these were applied for some time in class in order to train the students to
become proficient at learning independently. The challenge remains of having the
refugee students develop and implement their own learning plan and a proposal is
made for an onboarding and mentorship program to help accomplish this goal.

Keywords Flipped classroom · Language learning · Educational technology ·
Arabic teaching · Scaffold · Foreign language teaching

Flipped classroom (Wikipedia 2018) is an instructional strategy that changes the
traditional learning process of lecture in class, assignments at home and review in
class to delivering instructional content, often online, outside of the classroom prior
to the face-to-face class. Some of its benefits are improved grades at the end of the
course (Luttenberger et al. 2018), increased mastery (Bergmann and Sams 2012)
in the core concepts as well as better preparedness for lifelong learning (Rotellar
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and Cain 2016). Furthermore, as mentioned by Bergmann et al., (Flipped Learning
Global Initiative 2018), the most important reason why any teacher should consider
flipped classroom is teacher to student relationship. By increasing the amount of time
that active learning and student to teacher interaction can happen during the face-
to-face class with the flipped classroom, a stronger teacher to student relationship is
developed which then results in more effective learning. In communicative language
learning classrooms like those at Qasid Institute (Qasid Arabic Institute 2016), this
directly impacts the learning goals of the class.

23.1 Teaching Arabic as a Second Language

At Qasid Institute, one of the leading institutes worldwide for teaching Arabic as a
second language to adults, students are taken from no skill level to advanced levels
of near-native proficiency. The institute has partnerships with Arabic language or
Middle Eastern studies departments from several universities worldwide such as
School of Oriental and African Studies (SOAS), Oxford University, Brigham Young
University and Northeastern University such that students are sent as a group to
complete an immersion program for one or several terms. The main program taught
is Modern Standard Arabic using the communicative language learning approach.

23.1.1 Teaching Arabic Grammar

Teachers at lower levels have difficulty with teaching concepts related to Arabic
grammar. Based on the communicative approach, grammar topics are taught grad-
ually to support the learning of the four skills. From the beginning, students are
immersed in the language so that fall back on English is avoided as much as possi-
ble. Teaching of grammar concepts normally requires a higher level of language use
which results in students either struggling to understand the higher level of Arabic or
teachers not having the level of English required to explain these concepts. I lead a
small unit at Qasid Institute that supports the teachers with instructional technology
and training.

Flipped Videos as the Solution for Teaching Arabic Grammar. Since Qasid
had contracted an expert Arabic grammar teacher who is an English native speaker
to record videos on all the grammar topics of levels 1 and 2, it was proposed to
use them to flip the grammar lessons. The Learning Management System (LMS)
Canvas (2018) was used to add quizzes to the videos and give students access so that
teachers can review student performance on the quizzes which was implemented in
the summer of 2013. The initial implementation did not work too well as I tried it
across the board with all the teachers using institute level training through face-to-
face workshops. Most teachers found the idea interesting but were not ready to use
the resources with their students without individual coaching. A few terms later, I
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followed up with teachers who had been excited by the idea and had really tried to
use it with their students. I then worked with them individually to help them improve
student adoption. One of the key success factors was making the completion of all
online quizzes related to the videos part of course credit, even if they counted toward
a small percentage of the total grades. Since then, adoption by other teachers has
organically increased every term and for the last 2 years, it has become a standard
that all students of levels 1 and 2 are added to Canvas with the flipped classroom
videos and quizzes. Furthermore, most teachers now follow-up with their students
without the need for administrative intervention as they have seen how it facilitates
their work and allows them to have more active learning in class.

23.1.2 Developing Listening Skills at Intermediate Level

Teachers at intermediate and intermediate-high levels (levels 3 and 4 in Qasid’s
curriculum) often struggle with teaching the language skill of listening based on real-
life sources, i.e., non-scripted media pieces. The learning situation involves teachers
asking students to listen to a chosenmedia piece of specific length fromWeb sites like
BBC Arabic (BBC News Arabic 2019) at home and answer a few general questions
as they are listening. The goal is that students obtain a general understanding prior to
class so that they can discuss the listening more in detail in class and hence achieve
a higher level of understanding in terms of Bloom’s taxonomy (Wikipedia 2019).
However, the following problems are regularly faced by teachers:

1. It takes a lot of time for the students to listen to the media piece at home to get
a general understanding as they need to repeat the listening many times. It was
noted by teachers that the number of listening repetitions needed varied quite a
bit among students of the same group.

2. Some students come to class unprepared to get into the discussion about the
listening because they did not grasp the core concepts for different reasons, such
as the lack of listening repetitions or unsureness of how many repetitions are
needed to achieve the correct level of understanding. Therefore, in class, the
teacher has to go back to review the general understanding and is not able to
discuss the meanings at a higher level.

3. Students have a hard time answering the general questions and are also not able
to identify the location of new vocabulary in the media piece.

Flipped Classroom with Interactive Listening. In implementing education tech-
nology solutions, I follow the general principles of the LEAN startup approach (The
Lean Startup 2019), focusing on the phase of developing a MinimumViable Product
(MVP) and the use of the build-measure-learn feedback loop. The research for this
project arose from the customer (in my case a teacher) approaching me with a real
problem within the context of a workshop on the use of an existing tool (SWIVL
2018). The SWIVL tool is a small robot that rotates to follow the teacher using a
remote marker carried by the teacher that records the teacher’s audio while the video
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is recorded using a mobile device placed on the robot. It is designed to facilitate
teacher self and peer observation and feedback through a cloud-based commenting
system where the videos are automatically uploaded. The teacher explained the dif-
ficulties she faced with teaching listening skills as described above and proposed the
following ideas:

• Being able to prepare the listening media so that sections where the answers to
general questions are to be found are highlighted with the text of the question in
context. Then, the student can focus on these sections with repetitions if needed to
find the answers rather than having to listen to the whole piece over and over again,
the latter not providing additional learning value but instead frustration. A point
to note here is that often, the same listening is used for different levels of students
(intermediate and advanced). The teachers expect that the intermediate student
focuses on only some areas and the advanced students on others. Therefore, if the
intermediate students try to understand the listening in its entirety, they will get
frustrated.

• Highlighting important new vocabulary that the teacher would like the student to
learn during the listening so that the student does not struggle to find the word but
rather focuses on grasping its meaning in context.

Since I was already using the SWIVL tool, I looked at trying to solve the problem
with it so that I could measure and learn as quickly as possible the potential problems
and challenges. The solution presented relates to the learning concept referred to as
scaffolding. Scaffolds are used when students are provided with a tool as assistance
during learning until the student is independent such as training wheels in a bicycle.
The child builds a level of confidence and balance when using training wheels until
he or she feels confident enough to ride without them, rather than going directly from
a tricycle to a bicycle. Currently, at Qasid, the student goes directly from scripted
listening at the right speed and comfort level at low levels to unscripted real-world
media at intermediate levels. The in-context focus for questions and vocabulary
provides the scaffold over a certain period of time until the student feels confident
enough and can listenwithout them. Ideally, the teacherwould progressively decrease
the number of highlighted questions or vocabulary words and may be increase the
highlighted length of time.

Results of Flipped Classroom with Interactive Content. The teacher uploaded
her listening videos for several lessons in SWIVL cloud and added comments at
specific times in the video that either pointed out specific vocabulary words or asked
questions in context. Students were asked to review these before class and answer the
questions by replying to the comments. The teacher reviewed the answers before class
and was able to engage the students with higher-level discussions after a short review
time. After several lessons, I gathered feedback from both students and teachers,
which can be summarized as follows:

• Students who answered the questions prior to class in the system were prepared
to engage in a higher-level discussion in class, which was not the case before with
viewing uncommented videos.
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• Although students on average spent around the same amount of time preparing for
the class with the time-commented videos as they did with uncommented videos,
they did not feel frustrated as they considered this time to be well spent. Before,
they were spending quite a bit of time scrolling back and forth and not being able
to focus.

Although the method achieved the goal, some of the technical problems encoun-
tered by the students triggered me to look for a different tool. After an initial research
for tools that would have the right features, twowere shortlisted, GoReact (2018) and
CritiqueIt (2017). I moved forward with CritiqueIt as it supported direct integration
with our LMS Canvas and was within our budget.

One of the Qasid teachers has implemented the CritiqueIt tool as scaffold of inter-
active listening with highlighted questions and vocabulary for more than two years
now in levels 3 and 4. The teacher has seen significant increase in understanding
for the students who review using the interactive listening resource compared to
those who review using the standard media playback when they discuss the listen-
ing in class. Furthermore, over the course of a specific term, she has seen a higher
listening skill level during graded assignments for those students who use the inter-
active listening resource regularly and according to the teacher’s instruction. She
also experimented with using the same tool for the other three skills, reading, writ-
ing and speaking. The biggest challenge has been students not utilizing the resource
either due to not being comfortable with the use of technology or having technical
problems often due to Internet connectivity issues. The latter were mostly overcome
if these classes were provided a small workshop at the beginning of the term from
the student support team on how to use the tool and following up with them if they
faced any barriers.

The teacher also used the web platform Quizlet (2019) to embed vocabulary
flashcards and games inside Canvas to help the students prepare for the vocabulary
of weekly lessons. She has found significant increase in the ability of the student to
use these vocabulary words or expressions even after they continued to other levels,
one of the reasons being that the students could continue using them for revision.

With interactive reading, she did not find clear benefits. Through experimentation
over the terms, she found that students found it useful if she linked certain sections
in the text to external links that provided more explanation or context.

For interactive writing and speaking, the main advantage was for her to be able
to find all the submissions of the students in one place, instead of scattered paper
assignments or recordings spread over her desk, e-mail and phone communication.
Similarly, for students who used the platform, they could review their feedback for
all their assignments in one place. Regarding the recordings, she could easily submit
feedback at specific times in the recording.

Regarding interactive listening, there was a general pattern in terms of student use
where most students used the platform, but some used it only to review the listening
prior to class without submitting any feedback while others used the full experience
of reviewing and submitting answers to questions in the platform. These students
helped the teacher identify which sections of the listening were most difficult and he
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or she could address those directly through a specific reply in the system or a general
address in class. One of themain benefits students found from the interactive listening
technique was the perceived decrease in the amount of time needed to complete the
listening before coming to class. Without it, many students would often not complete
the assignment as it would take too long going back and forth or cause too much
frustration. Furthermore, they would often find it quite difficult to locate the lesson’s
vocabulary in the listening by themselves due to several factors such as talking speed
of the speaker and context of use. When the location of the vocabulary was identified
for them, they could focus on the lesson goal which is the understanding of the use
of the vocabulary in context.

23.1.3 Best Practices for Flipped Classroom with a Second
Language

Below is a list of best practices extracted from the feedback of students and teachers:

1. The flipped content needs to address a specific learning problem faced by the
students, for example, difficulty with attaining the right level of understanding
required with the class listening at the beginning of the class.

2. Appropriate training and support should be provided to the students for the first
few weeks when the flipped content is implemented for the first time such as
a class demonstration completing the full workflow and ensuring everyone has
proper access to the content and there is appropriate Internet and device access
at home.

3. Work initially with a small group of early teacher adopters who are often tech-
nology enthusiasts who understand the learning goals and standards well and
believe in their value.

4. If possible, include the work to be done with the flipped content, such as submis-
sion of answers to questions, as part of total course credit, even if it is a small
percentage.

5. The teacher should review students’ feedback related to the flipped content prior
to the class and comment on their work via the system aswell as general feedback
in class.

23.2 Teaching Coding Skills to Syrian Refugees

LifelongAI (2018) is a non-profit organization based inCalifornia, USAandworking
in Amman, Jordan. It was established in 2018 with the mission to empower the most
vulnerable refugees, themajority ofwhomhavenever used computers and technology
before. They provide a step-by-step learning approach to introduce, utilize and tap
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into the power of technology in education and employment. They believe that having
English proficiency and computer skillswill opendoors to employment and education
for the refugees.

23.2.1 Using Web Resources to Teach Coding to Students
with Basic English Skills

Coding is an essential skill in our current economy. Furthermore, it is an attractive
skill for refugees to pursue as it opens the potential of remote work which is a
clear advantage for a population of displaced people. It has also been shown to
help develop and enhance problem-solving skills through computational thinking
(InformED2017), which has been identified as one of the important learning domains
(PISA 2012).

In January 2018, I volunteered with Lifelong AI to teach coding through web
development to 10 teenage Syrian boys and 10 Syrian girls aged 15–30, many of
them being widows or orphans. The main challenge was that the students were only
available for an average of 5 hours a week as they needed to either work or go to
school during the rest of the time. Most programs that teach coding, specially to
beginners, are based on the code boot camp model where the students are immersed
in the subject for 2–4 months such as Rebook Kamp (RBK) (2013).

One of the main goals of Lifelong AI is to empower refugees to become indepen-
dent learners so that they can constantly improve their skills and bemore employable.
With the wealth of resources available on the Internet, especially for teaching cod-
ing and technical skills, I decided to use a flipped classroom approach to make the
face-to-face class focused on active learning and practical problems. However, the
challenge was that most of the resources are available in English and it was not
possible for the students to review the flipped content by themselves at home before
the class. Therefore, I chose to follow a model recommended by Flipped Learning
Global (2018) when delivering flipped classroom for the first time. The strategy is
described below, following the Direct Instruction, Guided Practice and Independent
Practice teaching method for hands-on skills:

• Direct Instruction: Show students how to use the web resource by projecting the
content to a large screen or projector and act as a student, selecting the topic or
problem, talking aloud and demonstrating the learning strategy by pausing the
video to take notes or write questions or solve a practice problem in front of them.

• Guided Practice: Have the students repeat the same topic or problem but using
their own computer and account. Walk around the room to help them, specifically
related to the process of using the web resource.

• Independent Practice: Once you feel that the student is confident with repeating
the same process on several topics, you would ask them to complete the task by
themselves at home and would be able to then extend to higher-level learning in
class such as the application of problem-solving techniques.
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Overcoming the Barrier of Basic English Skill. The main challenge was with
the difficulty ofmoving to the Independent Practicemode since the level of English of
the studentswas too basic for them to be able to understand the instructions in theweb
resource by themselves. At the beginning, I used the Hour of Code (Khan Academy
2014) in the Direct Instruction and Guided Practice modes and this generated a lot
of momentum and excitement as the projects involved were real-life and simplified
to the right level. I was even able to perform Independent Practice by asking the
students to work in groups to perform an extension task. I included an element of
competition with a reward that went very well.

However, since theHour of Code projects are limited in scope, Imoved on to using
the freeCodeCamp coding platform (freeCodeCamp 2015), as most of the students
were interested in learning web development. I followed a Direct Instruction and
Guided Practice method in class and asked the students to first try to understand by
themselves using Google translate. FreeCodeCamp focuses on interactive exercises
where each page tackles a very specific subtopic, on which there is small explanation
and example on the left, the ability to type your own code in themiddle and displaying
the output of the code on the right. Thisworkedwell and developed a goodmomentum
within the group and students felt a level of accomplishment with moving through
bite-sized lessons. However, asking them to complete a lesson at home would have
only a few students complete it due to the strong barrier caused by their basic English
level.

Later, I enrolled them in a free online initiative started in theUnitedArab Emirates
(One Million Arab Coders 2016), where the goal was to train coders through a
translated version of Udacity’s (2012) platform. Unfortunately, the video content was
a subtitled in Arabic version of the English and it was challenging for the students
to understand the Arabic subtitles, especially with more complex technical jargon.

During the Fall of 2018, after receiving a grant from the US Embassy, Lifelong
AI was able to set up two classrooms with laptop computers and daily evening
classes as well as a Saturday full day class for computer skills and coding. For
the students interested to learn coding, most of them had previous programming
experience. Since some students had web development exposure, I decided to offer
an introductory course in mobile app development based on a project-based learning
approach where we would work from the beginning toward building a real mobile
app together. Several students dropped out during the course due to a combination
of reasons such as having too many other commitments, lack of time during the
week to practice the concepts and fairly steep learning curve for students with no
recent programming experience. I recorded flipped videos in Arabic by recording
my computer screen and stepping through developing the application in the coding
environment and explaining the steps and the code. In class, I divided the students
into two groups, as recommended by the Flipped Learning Global Initiative where
one group would review the recorded videos and try it out, as they did not have time
to do it at home, and the other group, who completed the flipped video homework,
was engaged to understand the inner workings of the code. The students who worked
regularlywere able to complete the projectwithin a fewweeks.However, after gaging
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their ability to re-use the techniques applied in the project (levels 5 or 6 of Bloom’s
taxonomy), it was clear that they needed more scaffold and practice to reach that
level.

Finally, I was introduced in late Fall 2018 to the Massive Open Online Course
(MOOC) by the Queen Rania Foundation in Jordan, Edraak (2013). This was a good
solution formymain barrier of lowEnglish skills withmy students. After introducing
my students to the concepts of effective learning techniques (Learning how to Learn
2015), I helped them design their daily learning plan and identify which courses
they would add to their learning path from the Edraak platform. Thereafter, my
main task was as a coach, checking with them regularly where they were at related
to their learning plan and suggesting tips when needed. I was now moving toward
Independent Practice which I am forecasting will take a minimum of 3–6 months
until the student is able to design his or her own learning plan and be faithful to
it. Academic counseling may still be needed at specific checkpoints when students
need to select new courses. In the next section, I will describe my recommendation
for a program for refugees that could potentially scale and be implemented with a
minimum amount of funding and resources.

23.2.2 Recommendations for a Flipped Classroom-Based
Student Development Program

From the above-mentioned program and experimentation with different web
resources and methods, we can extract the following lessons:

• In order to use flipped learning videos in English for Arab or non-English native
learners, a minimum of intermediate English skill level is recommended.

• If there is no time to ramp students up to a proficient English skill level, flipped
videos taught by a teacher in the native language of the student should be used.
Ideally, the videos should be recorded by a teacher to whom the students have a
relationship with, as recommended by Flipped Learning Global Initiative.

• For teaching coding skills, combining a topic-based approach with a project-based
approach can be very powerful. The students could be asked to review content
related to a key topic like the IF statement with applied examples they can try in
the flipped classroom model at home. Then, in class, they would be engaged to
discuss how they would apply the IF statement in the context of a specific part of
their project and start working on it while the teacher is available to help in this
higher-level task. This would require appropriate planning of the topics in relation
to the project and may change the typical flow of how topics are delivered in a
topic-based only approach.

Based on these lessons learnt, I would like to propose the following program that
could be implemented using existing free digital resources. Other resources would
be needed for the onboarding and follow-up aspect of the program, the goal of which
would be to develop independent learners.
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Independent Learner Development Program for Arab Refugees. This pro-
gram is based on the Edraak platform. It would be conducted using the following
process:

1. Conduct an online or face-to-face English placement test.
2. Have a counselor, trained for the program, meet with the student to help him or

her prepare a learning plan that will include as the first step, the Edraak beginner
English program, if needed according to the placement test results. The plan
would include the number of modules to work on daily, weekly goals and a
reporting sheet for the counselor to review. A meeting would be scheduled on a
need basis if the student is not keeping up with the plan.

3. As the student progresses through different courses in the learning plan, the
counselor’s role would move from the creator of the plan to the reviewer of the
plan until eventually, the student is independent in creating and following an
effective plan, at which point, the student graduates as an independent learner.

4. The student would receive career guidance to choose a career that would fit his
or her personality and strengths as well as allow him or her to be a freelancer,
possiblyworking fromanywhere.Heor shewould thenbe able to planhis/her own
learning using availableMassive OpenOnline Courses (MOOCs) such as Edraak
to achieve these skills.

23.3 Conclusion

In trying to encourage more teachers to use the flipped classroom method, Qasid
is looking into developing a standard for each type of flipped content, such as the
appropriate number and type of questions per 5min of listening or types of vocabulary
to highlight, for each level or group of classes. Then, they are thinking to develop a
repository of flipped content that all teachers can use when needed, instead of having
each teacher prepare content for each of their classes. I am also exploring other tools
that provide more interactivity and metrics related to how the student interacted with
the video content. One example is PlayPosit (2018), which allows the teacher to
include multiple choice quizzes, discussions and rich content submissions at specific
times in the video and view statistics such as a graphical summary of correct answers
per video and the amount of time spent by each student on each question. I have started
prototyping this tool with a couple of instructors and the results are very promising.

Related to the work with the Syrian refugees, I am planning to apply the Indepen-
dent Learner Development Program with a prototype group of students and train a
few mentors who will be supporting the students with their learning plan.
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Glossary

Active Learning Type of learning strategy that focuses on keeping students engaged
throughout the class in order to increase learning effectiveness.

Arabic Teaching Teaching of Arabic as a second language to non-native speakers.
Blended learning Learning method that combines multiple modes of delivery in

the same course, such as live online, face to face and asynchronous (not live)
online.

Bloom’s taxonomy Taxonomy of learning originally proposed by Benjamin Bloom
that classifies the learning process as six steps as follows: Remember, Under-
stand, Apply, Analyze, Evaluate and Create.

Calm Technology Anapproach to using anddesigning technology that isminimalist
and where the focus is using the minimum amount of technology needed to solve
a problem.

Coding Skill that computer programmers develop andmaster as they use a computer
programming language to solve real problems.

Communicative Language Learning An approach to learning a language that
focuses on developing proficiency in using the language using the four skills
of reading, writing, listening and speaking.

Computational Thinking A process that is applied to real-life problems so that a
computer solution can be used to try to solve them.

Educational Technology A technology in the form of an electronic device such as
a mobile device or robot that helps in achieving a learning goal.

Face-to-Face Environment The physical location, context and culture in which
students learn by being physically present with each other and with the teacher.

Flipped Technologies Different types of technologies used to create and deliver the
Flipped Classroom content.

Immersion Program Language program that puts the language learners in an
environment where they always interact in the language being learnt.

Instructional Designer A learning professional who works with content matter
experts to design and create learning experiences that are effective.

Instructional Strategy A learning technique that the teacher uses to help the
students learn more effectively.

Instructional Technology A technology in the form of an electronic device such as
a mobile device or robot that helps in achieving the learning goal. It can be used
by the teacher, student or both.

Interactive Flipped Classroom Flipped Classroom content that has interactivity
such as quizzes built into it.

Interactive Listening Listening of audio passages for language learning that gives
the students the ability to interact with the audio piece in different ways such as
being able to answer questions on the timeline or viewing additional content at
specific times.
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Interactive Reading Reading of digital text passages for language learning that
gives the student the ability to interact with the text such as viewing a question
on a highlighted area and replying to it inside the passage.

Interactive Speaking Students having the ability to submit recordings of speaking
prompt assignments and the teacher being able to submit feedback at different
points of the timeline in the recording.

Interactive Writing Students having the ability to submit their writing assignments
in a digital format and the teacher being able to provide specific feedback on
specific areas of the writing.

Lean Startup A method that guides entrepreneurs through the process of a startup
company so that they can change it quickly and effectively and reach success
faster.

Learning Domains The five domains that the Programme for International Student
Assessment (PISA) uses to assess student competency which are reading liter-
acy, mathematical literacy, scientific literacy, problem-solving and collaborative
problem-solving.

Learning Goals Goals developed by teachers or instructional designers to help
focus the learning experience.

Learning Management System An online system that has tools to help the teacher
create digital content and assessment in an organized way to support learners
learn digitally.

Learning Plan A document used by the learner to study for a specific subject or
course over a certain amount of time. The learner can be responsible for creating
his or her own learning plan.

Lecture An oral presentation where the content expert presents the content to the
audience.

Lifelong Learning The ongoing process of learning to gain new knowledge for
personal or professional reasons.

Massive Open Online Courses Free online courses that anyone can enroll in.
Minimum Viable Product As part of the lean startupmodel, it is the first version of

the product with theminimal core features that can be tested with real customers.
Mobile App Development The programming involved to create a mobile appli-

cation from a user interface design to a functional product that can be
tested.

Modern Standard Arabic The standard literary and communicative language of
the Middle East and North Africa.

Near-native Proficiency Highly proficient language speakers who are distinguish-
able from native speakers only in small ways.

Online Learning Learning that happens through the Internet using electronic
devices like computers and mobile devices.

Problem-Solving Skills They allow someone to identify the source of a problem
and create an effective solution for it.

Project-based Learning A teaching method in which students gain knowledge and
skills by working for a period of time on a specific real problem.

Remote Work The ability for people to work from home.
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Scripted Listening A listening assignment for language learners that has been
recorded based on a script that will be appropriate in terms of vocabulary,
complexity and speed for the students of that level.

Traditional Learning Learning that is centered around the teacher directing and
imparting knowledge to the students.

Web Development The process of taking user interface designs and making
them into functional Web sites for delivery on any device using current web
technologies.
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Chapter 24
Open Universities in the Future
with Technological Singularity
Integrated Social Media

Serap Sisman Ugur and Gulsun Kurubacak-Meric

Abstract The term “singularity” was first used by John von Neumann, in the 1950s
to refer to “technological advances that cause change (Ulam in Bulletin of the Amer-
ican Mathematical Society 64(3, part 2): 1–49, 1958).” According to Kurzweil (The
singularity is near: When humans transcend biology. New York, NY: Viking, 2005)
andYampolsky (Information 9(8): 190, 2018), the singularity is near.Moreover, such
as Marc Zuckerberg and Bill Gates unlike the “dangerous” rhetoric of dystopian,
he argues that singularity will make people more improve. In the future, Kurzweil
develops a hypothesis that artificial intelligence will go beyond human intelligence
to radically change civilization and human nature. According to him, the discovery
of artificial super intelligence will trigger a sudden technological growth. A leap
will result in unimaginable changes in human civilization. Social media, which has
become the platforms that people cannot give up in their daily lives, will be the main
means of communication connecting people in the process of singularity. At this
point, education systems and institutions will also be in the process of change. Espe-
cially mega universities and Open Education Systems, where technology is the main
tool, adapt to this change. In this research, it is tried to determine how mega open
universities can benefit from social media in their preparation processes for techno-
logical singularity. As a result of the interviews conducted with the field experts, it
was concluded that the social media platforms will have a high level of interpersonal
communication and interaction and that the institutions will play a role in determin-
ing the limits of their place in human life. During this process, the determination
of the needs of the program, the determination of the technologies to be used, and
the research for the organization of personnel resources are important for the mega
universities to be prepared for the singularity period.
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24.1 Introduction

Although there is a huge debate about the pros and cons of technology and learning
as well as intelligence, technological singularity integrated social media will be a
big impact in the development of the human race. Therefore, it is crucial that open
universities need to position themselves strategically for the future, considering the
potential of technological singularity integrated social media, and focusing on its
relative strengths. Open universities driven by cutting-edge technologies will be able
to provide their learners with seamless democratized and dematerialized learning
environments and services.

24.2 Literature Review

Von Neumann uses the term singularity, though it appears he is thinking of normal
progress, not the creation of superhuman intellect (Shanahan 2015). According to
Vince, the post-singularity world does fit with the larger tradition of change and
cooperation that started long ago (perhaps even before the rise of biological life).
While mind and self will be vastly more labile than in the past, much of what we
value (memory, knowledge, thoughts, information, etc.) needs never be lost (Vinge
1993, 2013).

The set of concepts today commonly referred to as “technological singularity” has
a long history in the computer science community, with early example such as “One
conversation centered on the ever accelerating progress of technology and changes in
the mode of human life, which gives the appearance of approaching some essential
singularity in the history of the race beyond which human affairs, as we know them,
could not continue.” (Callaghan et al. 2017) According to Sandberg (2010), tech-
nological singularity definition is multidimensional structure and including a lot of
features such as accelerating change, self-improving technology, intelligence explo-
sion, emergence of superintelligence, prediction horizon, phase transition, complex-
ity disaster, inflexion point, and infinite progress. One of the results that in Sandberg’s
research, which about technological singularity:

There is a notable lack of models of how an intelligence explosion could occur. This might
be the most important and hardest problem to crack in the domain of singularity studies.
Most important since the emergence of superintelligence has the greatest potential of being
fundamentally game-changing for humanity (for good or ill). Hardest, since it appears to
require an understanding of the general nature of super-human minds or at least a way to
bound their capacities and growth rates.

Vinge refers that when people speak of creating superhumanly intelligent beings,
they are usually imagining an AI project. Computer networks and human–computer
interfaces seem more mundane than AI, and yet they could lead to the singularity
(Vinge 2013). Yampolskiy (2015) stated that developments in artificial intelligence
are a preparation stage for technological singularity, because they may permit AI to
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recursively self-improve (Sotala 2012), advanced communication (ability to share
cognitive representations complex concepts). Artificial intelligence also provides
new cognitive modalities (sensors for source code), ability to analyze low-level hard-
ware (e.g., individual registers), and addition of hardware (ability to add newmemory,
processors, etc.) (Yudkowsky 2007) and possibly succeed in this challenging domain:

• the ability to work uninterruptedly (no breaks, sleep, vocation, etc.),
• omniscience (complete and cross-disciplinary knowledge),
• intersystem communication speed (chemical vs. electrical),
• duplicability (intelligent software can be copied),
• greater speed and precision (brain vs. processor, human memory vs. computer
memory),

• editability (source code unlike DNA can be quickly modified),
• near-optimal rationality (if not relying on heuristics) (Muehlhauser and Salamon
2012).

According to Potapov (2018), artificial general intelligence (AGI) as a singularity
technology will also have a shorter doubling time, because knowledge of its design
principles will enable easier self-optimization or extension with additional modules,
sensory modalities, and so on. Thus, whether we want this or not, AGI will emerge
earlier and evolve faster than brain uploading or whole brain emulation (if either
of these is ever possible). Also, one can claim that artificial super intelligence can
provide it.

These predictions pointed that there is a need for the spread of singularity. Social
media can be considered in order to overcome this deficiency. The artificial super-
intelligence applications can be used in social media, and this will be able to be
an effective method in both data collection and configuration. Also, this use can be
effective in the spread of technological singularity (Eden et al. 2012).

Considerable competition for students exists in the marketplace as institutions
compete for students. Universities are aware of the importance of their reputations;
hence, they utilize branding activity to dealwith such competitive threats (Rutter et al.
2016). These branding studies are nowwidely carried out in social media. According
to a research about that influence of socialmedia and using itwith blockchain technol-
ogy that are evolving and upgrading continuously, there are many untapped oppor-
tunities for disruptive innovation in current and future ecosystem of social media
in order to rebuild a more trustable, reliable, transparent, and secure fundamental
fabrics for our modern society (Jing and Murugesan 2018).

Social media is a widely used platform for communication and learning. With
these features; while the future is shaped, social media can be considered as a specific
tool. People use social network to spread news or information very quickly. It can
also provide instant access to information. Given the characteristics of technological
singularity, the importance of social media for this period which about changing
information spread with social media can be foreseen. Therefore, universities that
offer open and distance learning services should use these features of social media.
When structuring their reorganization., these universities can benefit from the power
of social media.
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24.3 The Purpose of the Study

The aim of this study is to foresee a futuristic view of how open universities can
achieve their sustainability in the context of technological singularity integrated
social media. Technological singularity predicts that artificial intelligence will pre-
vent human intelligence in the future (Moravec 1988). Not only can artificial intel-
ligence radically change human habits, but also learning practices. The foundation
of a revolutionary transformation on humanity learning will be established for both
the open universities and for the technological singularity and social media. Thus,
open universities are not only sustainable; at the same time, but transformed into
ecological learning environments. Within the framework of the internalizations and
predictions of the study, participants on open and distance learning environments
help us how to save open universities in the future.

24.4 The Importance of the Study

The idea that human history is approaching a singularity that ordinary humans will
someday be overtaken by artificially intelligent machines or cognitively enhanced
biological intelligence, or both. This idea is not science fiction anymore, it is a
fact. Von Neumann uses the term singularity, though it appears he is still think-
ing of normal progress, not the creation of superhuman intellect. Vinge (2013)
asserts that mankind will develop a superhuman intelligence before 2030. To Ray
Kurzweil (2005), Google’s chief of engineering, robotswill reach human intelligence
by 2029 and life as we know it will end in 2045. Kurzweil defines this transformation
as technological singularity that all the emerging technologies first reach the sub-
tleties of human intelligence, then knowledge-based technologies will pass human
intelligence increasingly, and sharing knowledge rapidly. Therefore, it is no longer
a dream that the cybernetic community will exist in the future.

The acceleration of radical transformational technological progress must be the
central feature of open universities in this century, while we are on the edge of
change comparable to the rise of human life on earth. Open universities, therefore,
must keep pace with these rapid changes in technology and society in order to sustain
their assets. The precise cause of this change is the imminent creation by the cutting-
edge technologies of entities with greater than human intelligence. There are several
means by which open universities must achieve this breakthrough and integrate new
improvements into their systems:

• Because of the development of computers, which are “awake” and superhumanly
intelligent, open universities must develop advancements in artificial intelligence
(AI) as learning environments.

• Because of dense and extensive computer networks and their associated users that
“wake up” as a superhumanly intelligent entity, open universities must establish
the networks that somehow become self-aware.
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• Because of computer/human interfaces, which become so intimate that users may
reasonably be considered superhumanly intelligent, open universities must focus
on advanced computer/human interfaces that users must essentially evolve into a
new learners.

• Because of the improvements in both biological science and social science that
find ways to improve upon the natural human intellect, the advancements in open
universities must allow users to engineer their intelligence.

In this context, it is also important to discuss in detail that social media platforms,
which their popularity, interest areas, number of users, etc., have been increased dra-
matically for the last decade, can be used in open and distance learning programs,
where artificial intelligence applications are integrated. All of these advancements
make it easier to process the World Wide Web’s endless amount of data which has
in turn increased the accuracy of social media and online learning. The perspective
of online media services, such as Google and Facebook, having AI programs that
understand users’ personal interests and feelings help improve the online experiences
and enjoyment with technology in open universities. Social media, therefore, can be
all about learners connecting with each other; sharing information and interacting;
making their presence social; and impacting each other in an interactive way only
straightforward via artificial intelligence. Open universities must transform them-
selves to understand learning their users’ tactics, which will be an inherent part of
how social media evolves into social ecosystems that exhibit intelligent behavior,
learning, demonstrating, explaining, and giving advice to its users. Thus, open uni-
versitiesmust be in the social platforms,methods of sharing, services offered, benefits
to people, benefits to brands, and of course to the society at large. In short, what social
media brings in is that it demands a reconceptualization of open universities.

24.5 Methodology

This study is a qualitative research and has been designed by adopting an individual
and dialogical phenomenological approach model to identify phenomena through
perceived by the actors in the situation. This will translate into gathering deep infor-
mation and perceptions through individual interviews, discussions and participant
observations, and representing it from the perspective of the research participants.
This study will experience from the perspective of the individual, bracketing taken-
for-granted assumptions andusualways of perceiving based in a paradigmof personal
knowledge and subjectivity, and emphasize the importance of personal perspective
and interpretation.

The researchers will use their own actual and imaginary experiences and others’
factual and fictional written accounts and theories to develop a thematic description
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of the phenomenon through individual phenomenology. This will involve introspec-
tion, which is a method of inner observation which involves assuming an external
viewpoint toward oneself, stating the facts about oneself as others might if they could
observe what the introspector observes. Besides, through dialogical phenomenology,
each researcher will interview the co-researcher, and involving the co-researcher in
thematizing during the interview. Each researcher will explicitly pay attention to and
refer to observations of the co-researcher’s behavior as well as to the co-researcher’s
descriptions of experience.

The research site of this study is one of the mega open universities in where the
researchers have beenworking for over 15 years. The participants of the research was
selected by utilizing the purposeful samplingmethod: The experts/faculty/researcher
who teaches open and distance courses, or design, implement or implement open
and distance courses, or work as an administrator in open universities for at least
5 years are the participants of this study. There are four participants, including two
researchers themselves of this research.

In this context, a variety of methods have been used in this phenomenologically
based research, including interviews, conversations, participant observations, action
research, focus meetings, and analysis of personal texts. Those participants have
been answering about how open universities will position themselves strategically
for the future with technological singularity integrated social media.

The following four types of triangulation will be used in this research:

1. Triangulation Methods (checking out the consistency of findings generated by
different data collection methods)

2. Triangulation of Data/Sources (examining the consistency of different data
sources from within the same method)

3. Analyst Triangulation (usingmultiple analyst to reviewfindings or usingmultiple
observers and analysts)

4. Theory/Perspective Triangulation (using multiple theoretical perspectives to
examine and interpret the data).

24.6 Findings

Table 24.1 illustrates the main themes and concepts of the participants’ responses to
the first question: “What kind ofOpenEducation System can be structuredwith social
media while Mega universities are organized in the context of new technologies in
the future?”

Whenwe look at the concepts that the participants use for answering the first ques-
tion such as “What kind of Open Education System can be structured with social
mediawhileMega universities are organized in the context of new technologies in the
future?” we can say that the first participant especially focuses on the features of the
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target audience for which the Open Education Systemwill be prepared. However, the
participant emphasizes the importance of determining the strengths and weaknesses
of the social media environments to be selected in terms of the Open Education Sys-
tem. The second participant sees the choice of social media tools as a priority theme
and underlines the integration with content management, learning management sys-
tem and Open Education System. The participant also emphasizes the importance of
structuring the communication and interaction features of the social media for the
purposes of the Open Education System and addresses the importance of access to
information. The third participant speaks about learner-centered learning and speaks
about virtual worlds for an organized Open Education System for the use of personal
learning environments. The participant, who emphasizes the importance of interac-
tion for the Open Education System to be structured, addresses the use of experience
tracking technologies. The fourth participant, on the other hand, indicates that the
time allocated by the individuals for learning will increase especially depending on
the time spent on social media. However, the participant observes that peer learning
activities through social media can also take place.

Underlining Kurzweil’s definition of singularity (Reedy 2017), “the increase of
knowledge-based technologies and rapid sharing of information” emphasizes cyber-
netic society and addresses the future of virtual reality, virtual worlds, and social
media platforms. We can say that it may be necessary to structure Open Education
System that allows for entertainment elements as well as socialization by shaping
the experiences of the learner, especially during the technological singularity period,
which emphasizes the use of individual-centered technologies, and addressing the
new learning structures, which have emerged with the developing technology, on the
dimension of the learner.With this structure,mega universities that will offer learning
services will also be able to follow the learning data and provide contents integrated
with the appropriate learning management system and can provide effective com-
munication as well as interaction. Considering the length of time learners spend on
social media platforms, it can be said that these systems will be used effectively
and efficiently with the correct structuring of a non-formal learning environment.
Furthermore, considering the anticipation that artificial intelligence will be available
in every field during the singularity period, the importance of artificial intelligence
can be understood in restructuring Open Education System.

As the second question, “What is the role of social media in the future when the
mega universities are regulated under new technologies, how can social media be
used in the management or when management is restructured?” these are the main
concepts that participants particularly focus on: execution, coordination, corporate
identity, belonging, and artificial intelligence.

Table 24.2 illustrates the main themes and concepts, emerging out of the answers
to the second question: “What is the role of social media in the future when the mega
universities are regulated under new technologies, how can social media be used in
the management or when management is restructured?”
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The first participant emphasizes that the social media can be used effectively in
organizational structure and coordination for this question, while the second par-
ticipant emphasizes the formation of corporate identity and the arrangements to be
made with the aim of creating a sense of belonging in individuals. At this point, the
second participant also indicates that the use of social media could be effective and
productive in such areas as personnel interaction and peer assessment, indicating that
a new structuring could be realized with the use of social media for student services
and support services. When the responses of the third participant are examined, the
participant observes that the use of collaborative and scalable applications, espe-
cially enabling collaborative work, and integrated virtual media technologies can be
effective in using social media efficiently. The participant notes that the individual-
specific contents to be produced by artificial intelligence will be effective if they are
structured through social media and suggests that corporate renewal is required. The
fourth participant agrees with the third participant in that sense; social media will
be useful for establishing the corporate identity and reputation. What’s more, the
participant emphasizes the importance of the announcement of services, teamwork,
and the structuring of student support services.

We can observe that social media used for peer assessment and group work will
be important in order to provide communication and interaction between individ-
uals as we head toward technological singularity. Social media environments can
be considered as the most obvious platform that can be used in the context of the
establishment of the “large human networks” specified by Vinge (2013). Corporate
personnel communication, business process flows, coordination, job definitions and
identification of roles, decision process organization, activity planning, internal and
external communication, social media analysis for internal training, and defining and
interpreting the actors and roles will be accessed after such analysis is completed.

Table 24.3 illustrates the main themes and concepts according to the answers of
the participants to the third question: “What is the role of social media in terms of
human resources in this structuring?”

The final question to the participants is “What is the role of socialmedia in terms of
human resources in this structuring?” The first participant focuses on the workforce.
The participant, who expressed the social media will be effective and productive for
increasing the employee performance and communication between the employees,
notes that social media will be effective for promotion and announcement of the ser-
vices, communication with learners, personnel recruitment, personnel selection, and
personnel training. Social media also provides access to stakeholders and accessibil-
ity to all network users. The second participant also stated that social media would be
particularly effective in announcing the corporate identity, being an informal source
of information, defining roles on the network and determining locations. However,
the participant noted that social media specialist, marketing specialist, and visual
communication specialist should be included for personnel structure, who will work
in social media. The third participant focuses on the provision of staff communica-
tion and interaction, the identification of learning experiences everywhere and the
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artificial intelligence, the learner profiling and the interpretation by experts and effi-
ciency in services. For the fourth participant, human resources to training of internal
staff, analysis of social network, and training data analyst for learner profiling are
significant for structuring the human resources. The participant specifies that social
media will be effective for communication and information specialists and social
media experts should work in coordination. The participant also noted that social
media will be effective for conducting the promotion and advertisement activities of
the institution.

When the answers to this question were analyzed, we observe that the individual
characteristics, experiences, andnetwork analysiswere highlighted, andupon analyz-
ing such answers under singularity period, we can say that a particular focus must be
given to the use of technology and social media integrated with artificial intelligence
for the individuals. The use of social media, in which video in-game purchase or
disseminating online fake news are considered as criteria in citizenship/social credit
system, can be seen as one of the footsteps of singularity period of in the future. In
this context, structuring a human resource, which feeds on the social media use of
the individuals, makes it easier to perform many functions from personnel selection
to assigning duty or role to the individuals. In this sense, it is important to raise and
select the personnel, who will conduct the necessary social network analysis. We
can say that it is required to be prepared for the future processes by reshaping the
human resources organization of the institution via the correct interpretation of the
data acquired through network analysis.

24.7 Results

Froma futuristic point of view, it is clear that open and remote learning systems should
be ready for the period of technological singularity that we will live with in the near
future. The mega universities, which are prominent with their student profile, quality
and quantity, should determine research and development activities for investment
and structuring processes from now on by foreseeing the needs of singularity period
and should be able to shape their strategic plans within this scope. Social media
integration is one of the issues that organizations need to consider when planning
their managerial processes. In the new processes that will be structured by taking into
consideration the use of socialmedia platforms that has become addictive today, open
education programs can be prepared by benefiting from many technologies such as
virtual worlds, 3D platforms, artificial intelligence, and hologram technologies; this
will be an opportunity to open new employment fields in the upcoming singularity
period.
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Within the organizational structure of mega universities:

• Artificial intelligence applications,
• Learner-oriented learning systems,
• Tracking the learning experience,
• Social media integrated learning management system,
• Smart content, even smart assistant applications,
• Program and need analysis determinations with social network analysis are needed
to be carried out.

In addition, activities such as:

• Corporate identity and reputation operations,
• Service announcements, advertisements, and promotions and
• Informal information access will be more effective and efficient with the use of
social media platforms.

The importance of social media is inevitable given the ability to communicate
in different bandwidths without talking or writing in the human networks that are
included in the term “singularity.” At the same time, these platforms will ensure that
interpersonal communication and interaction take place at a high level and will play
a role in determining the boundaries of institutions’ place in human life. Throughout
this process, determining the needs of the program, determining the technologies to
be used, and research for the organization of personnel resources are important for
mega universities to get prepared for the singularity period.

24.8 Conclusion

Universities are needed a restructure for the future with technological development
and technological singularity. This restructure and transformationwill affect not only
management process but also human resources. At the same time, universities should
consider with social media and the current technologies such as artificial intelligence,
augmented reality, virtual reality, and blockchain.

Each mega open university must establish its own scenario based on this matrix
to make a solid connection between technological singularity and social media.
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Theoretical Basis of the Study

OPEN UNIVERSITIES

Technological Singularity

Single 
Collective 
Intelligence

Super 
Intelligent 
Machine

Communicate in ways which 
make it indistinguishable from 
natural language

Cyber So
ciety

Social 
Media

Stories Ad

Live Video

Focus on 
Messaging

Location and 
Hashtag 
Instagram Stories

Platform 
integration

monitoring and 
listening

Scheduling

Engagement

Analytics

Collaboration

Content library 
and sources

Tool integration

• Establishing the theoretical foundation of the research questions and data tools
according to the matrix.

Terms/Glossary and Abbreviations

Artificial General Intelligence (AGI) AGI is the intelligence of a machine that
could successfully perform any intellectual task that a human being can.

Technological singularity Technological advances that have led to change.
Social media It is a media system that provides two-way and simultaneous

information sharing instead of one-way information sharing.
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Augmented reality A technology that superimposes a computer-generated image
on a user’s view of the real world, thus providing a composite view.

Virtual reality The computer-generated simulation of a three-dimensional image
or environment that can be interacted with in a seemingly real or physical way
by a person using special electronic equipment, such as a helmet with a screen
inside or gloves fitted with sensors.

Virtual world Virtual worlds are three-dimensional environments in which you can
interact with others and create objects as part of that interaction.

Interaction Communication or direct involvement with someone or something.
Blockchain A time-stamped series of immutable record of data that is managed by

cluster of computers not owned by any single entity.

References

Callaghan, V., Miller, J., Yampolskiy, R., & Armstrong, S. (2017). Technological singularity.
Springer.

Eden, A. H., Steinhart, E., Pearce, D., & Moor, J. H. (2012). Singularity hypotheses: an overview.
In Singularity hypotheses (pp. 1–12). Berlin, Heidelberg: Springer.

Jing, T. W., & Murugesan, R. K. (2018, June). A theoretical framework to build trust and prevent
fake news in social media using blockchain. In International Conference of Reliable Information
and Communication Technology (pp. 955–962). Cham: Springer.

Kurzweil, R. (2005). The singularity is near: When humans transcend biology. New York, NY:
Viking.

Moravec,H. (1988).Mind children: The future of robot and human intelligence. Cambridge:Harvard
University Press.

Muehlhauser, L., & Salamon,A. (2012). Intelligence explosion: Evidence and import. In Singularity
hypotheses (pp. 15–42). Berlin, Heidelberg: Springer.

Potapov, A. (2018). Technological singularity: What do we really know? Information, 9(4), 82.
Reedy,C. (2017).KurzweilClaims that the singularitywill happenby2045.Access: https://futurism.
com/kurzweil-claims-that-the-singularity-will-happen-by-2045 date: 10.10.2018.

Rutter, R., Roper, S., & Lettice, F. (2016). Social media interaction, the university brand and
recruitment performance. Journal of Business Research, 69(8), 3096–3104.

Sandberg, A. (2010, March). An overview of models of technological singularity. In Roadmaps to
AGI and the Future of AGI Workshop, Lugano, Switzerland, March (Vol. 8).

Shanahan, M. (2015). The technological singularity. MIT Press.
Sotala, K. (2012). Advantages of artificial intelligences, uploads, and digital minds. International
Journal of Machine Consciousness, 4(01), 275–291.

Ulam, S. (1958, May). Tribute to John von Neumann. Bulletin of the American Mathematical
Society, 64(3, part 2), 1–49.

Vinge, V. (1993). The coming technological singularity: How to survive in the post-human era. The
VISION-21 Symposium, NASA. https://edoras.sdsu.edu/~vinge/misc/singularity.html

Vinge, V. (2013). Technological singularity. The Transhumanist Reader, 368.
Yampolskiy, R. V. (2015). From seed AI to technological singularity via recursively self-improving
software. arXiv preprint arXiv:1502.06512.

Yampolskiy, R. V. (2018). The singularity may be near. Information, 9(8), 190.
Yudkowsky, E. (2007). Levels of organization in general intelligence. In Artificial general
intelligence (pp. 389–501). Berlin, Heidelberg: Springer.

https://futurism.com/kurzweil-claims-that-the-singularity-will-happen-by-2045
https://edoras.sdsu.edu/~vinge/misc/singularity.html
http://arxiv.org/abs/1502.06512


428 S. S. Ugur and G. Kurubacak-Meric

Serap Sisman Ugur graduated from an undergraduate program in “Computer Education and
Instructional Technology” at Anadolu University and the master degree of the same program.
Since 2002, she has been working as a lecturer at the Distance Education Department of Open
Education Faculty. She works research and development activities and projects in fields such as e-
learning content types, digital storytelling, animation, game-based learning, gamification, instruc-
tional design, cross-cultural aspects, artificial intelligence, individual differences, and human–
computer interaction. She interested in technological singularity and trans-humanism. She have
been studying doctorate in distance learning. Since 2017, she has been Social Media Coordina-
tor of Open Education System and Anadolu University, which includes Open Education Faculty,
Faculty of Business Administrator, and Faculty of Economics, Anadolu University.

Gulsun Kurubacak-Meric is a professor in Distance Education at the College of Open Education
of Anadolu University. Dr. Meric undertook graduate studies at Anadolu University, Turkey (MA.
Educational Technology) and the University of Cincinnati, USA (Ed.D. Curriculum & Instruc-
tion), and also has worked a post-doctoral fellow at the College of Education at New Mexico
State University, USA (2001–2002). Dr. Meric earned her B.S. degree in Computer Engineering
from the College of Informatics Technologies and Engineering of Hoca Ahmet Yesevi Interna-
tional Turk-Kazakhstani University in the year 2012–2013. Dr. Meric has over thirty-five years
of experience in focusing on the egalitarian and ecological aspects of open and distance learn-
ing; finding new answers, viewpoints and explanations to online communication problems through
critical pedagogy; and improving learner critical and creative thinking skills through project-
based online learning, universal design principles and new communication technologies (ubiq-
uities technologies, mobile technologies, virtual reality, augmented reality, mixed reality, etc.).
Dr. Meric had been the Group Coordinator of R&D and International Relations at the College
of Open Education of Anadolu University between 2014–2018. Dr. Gulsun Meric is the founder
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Chapter 25
Smart Literacy Learning
in the Twenty-First Century: Facilitating
PBSL Pedagogic Collaborative Clouds

Margaret Aker and Luis Javier Pentón Herrera

Abstract Prevalent in the literature are the components of smart education, learn-
ing, and literacies; smart pedagogies are encouraged, but practical examples are
scant. A gap between education and the workplace has been acknowledged; how
can smart pedagogy fill the void? This chapter provides an example of an innovative
educational process bridging the interval utilizing an online problem-based service
learning (PBSL) instructional approach and a pedagogic collaborative cloud, a smart
pedagogic collaborative cloud (PCC). Educators collaborating together are a crucial
component of the changing praxis. In a university course using a PBSL approach,
students collaboratively identified a problem—lack of time. A literacy pedagogic
collaborative cloud was identified as the solution to the problem. A pilot study was
performed (n = 12) to ascertain interest in the idea and warrant conducting a study.
A triangulated qualitative study (n = 45) was implemented; a broad constructive
theoretical framework provided support for smart education, PBSL, and the peda-
gogic collaborative cloud. The research questions were: (1) Does the interest or need
exist to create a literacy collaborative cloud for graduate students and alumnae? (2)
What was the best format to encourage participation? Four types of data were col-
lected and quality checks instituted. The findings revealed 80% of the participants
agreed with the creation of a literacy pedagogic collaborative cloud (LPCC); 100%
of the participants preferred to collaborate with a group of professionals in their field,
and 100% agreed collaboration improved teaching practice. A private literacy PCC
was created on Facebook; the implications are clear—smart pedagogy can fill the
university/workplace void.
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25.1 Introduction

In the Oslo Manual, published by the Organisation for Economic Co-operation and
Development (OECD), the definition of innovation is a novel product or process
different from one previously in use (OECD 2018). Following the definition guide-
lines, an educational process innovation occurs when either a new or changed process
for delivering services, such as “new pedagogies” or new mixes of pedagogies, is
presented or new ideas are introduced, such as “changing the way educators commu-
nicate” (Vincent-Lancrin et al. 2019, p. 17). Accordingly, the literacy pedagogic col-
laborative cloud (LPCC) represents an example of an innovative educational process
with the goal of improving education.

The OECD seeks to improve the well-being of individuals globally concentrat-
ing on solutions to common problems which in education focus on knowledge and
skills needed in the future. In most OECD countries, encouraging the twenty-first-
century skills represents a crucial curricular component. It is imperative educators
understand how they can adjust their practice using professional development as a
resource (Vincent-Lancrin et al. 2019). However, changing one’s teaching and learn-
ing practices may require a change in knowledge, beliefs, or attitudes. To accomplish
this, some investment is needed in the form of new knowledge production, commu-
nication, or the facilitation of peer learning through a variety of means. Fortunately,
providing professional development opportunities can help educators learn new ped-
agogies, which is especially beneficial when the acquired knowledge is applied in
their courses.

The bad news: From 2007 to 2015 innovation in formal teacher training reflected
low levels of change (Vincent-Lancrin et al. 2019). The good news: According to
the OECD, innovation has been robust in peer learning professional development for
educators “often considered as more effective than formal training, partly because it
is more strongly connected to teachers’ needs. By coming together with their peers
to discuss and collaborate, teachers have the opportunity to develop professional-
ly” (Vincent-Lancrin et al. 2019, p. 238). Indeed, the largest diffusion of innovation
experienced by students has been through their teachers participating in teacher peer
learning professional development (Vincent-Lancrin et al. 2019). The literacy peda-
gogic collaborative cloud is an example of an innovation in peer learning professional
development.

Illeris (2009) discussed the importance of modifying current educational practice
to create a better future for the world. Now moving into the third decade of the
twenty-first century, both the OECD and the United Nations Educational, Scientific,
and Cultural Organization (UNESCO) are focusing on the area of new pedagogy
(Lorenzo andGallon2019).As cited byScott (2015), “moving towards newpedagogy
is not simply a matter of offering learners technologies they are likely to use in the
knowledge society… twenty-first century pedagogywill involve engaging learners…
for different kinds of knowledge practice… enquiry, dialogue and connectivity”
(p. 4). Utilizing inquiry, collaboration, and connectivity, the smartworld is infiltrating
the field of education and impacting learners around the globe (Uskov et al. 2017).
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Today, smart education, learning, environments, and pedagogy are ubiquitous. So,
why not connect smart pedagogy to the smart workplace?

A Gallup–Lumina poll (2014) revealed only 11% of 623 American business lead-
ers believed higher education graduates have the necessary skills to be successful in
the workplace. The number one answer from leaders was bridging the gap between
education and employment at 76.9% (Marmolejo 2018). A report from the G7 sum-
mit in Canada focusing on the new world of work stated, “educational institutions
aren’t… preparing students for the jobs of the future…. we are having a quiet cri-
sis…” (Canada 2017, p. 4). To maintain focus on the smart perspective, UNESCO
recommended increasing innovative smart learning environments (SLEs) (Singh and
Hassan 2017) while the European Commission (2018) challenged educators to take
the lead. Global leaders urged connecting higher education to the workplace (Ornel-
las 2018). In higher education, facilitators are the key to linking pedagogy to the
workplace.

Today, educators need to bemore than facilitators (Hattie 2012); they are expected
to be activators (Fullan 2013b). Fullan contends assisted by digital technologies edu-
cators must assume the role of activators of innovative pedagogies. However, becom-
ing an activator can be a challenge because broad, efficacious integration of digital
technologies with professional development has not been accomplished (Gamage
and Tanwar 2017). This chapter provides an example of connecting education to the
workplace utilizing online problem-based service learning (PBSL) instruction and a
pedagogic collaborative cloud, a smart pedagogic collaborative cloud.

25.2 The Smart World

Smart education is social, mobile, adaptable, and uniquely designed for the twenty-
first century. The definition of smart education proposed by Zhu and He (2012)
described a synergistic platform of intelligent environments utilizing smart technolo-
gies affording facilitators the opportunity to integrate smart pedagogies to empower
learners. The purpose of smart education is to cultivate a workforce that discerns
twenty-first-century knowledge and skills to meet the needs and challenges of the
future (Zhu et al. 2016). Five aspects of smart education were identified by Kim
and Oh (2014) including “comprehensive education innovation, twenty-first century
teachingmethods, twenty-first century skills, IT convergence, and an adaptive reform
agenda” (p. 139).

Taylor (2016) identified twenty-first-century skills as “liquid skills”with the quali-
ties of fluidity, malleability, and adaptability (p. 90). These three qualities are imper-
ative to incorporate into the preparation of students for the changing workplaces.
The workplaces of the future will change throughout students’ working lives; most
of the future jobs currently do not exist (Taylor 2016). Liquid skills comprise team-
work, communication, critical thinking, interactive learning, and lifelong learning.
Infosys (2016) noted these skills were more important in the workplace than aca-
demic achievement. Through the adaptation of innovative new pedagogies, students
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will acquire the necessary twenty-first-century skills for their future employment
(Lorenzo and Gallon 2019).

Although consensus has not been reached concerning a definition of smart learning
(Zhu et al. 2016), the phenomenon is often defined by the elements of collaboration,
socialization, problem-solving, and critical thinking, which are also components
found in twenty-first-century learning and problem-based service learning (PBSL)
(Aker et al. 2018; Pentón-Herrera et al. in press). A smart learning environment (SLE)
utilizing innovative technologies supports the learner by adding flexibility, interac-
tion, adaptation, and reflection (Spector et al. 2015). SLEs allow for the needed space
for the expression of innovative ideas concerning teaching and learning (Byrne et al.
2019). Ten years ago, a shift of emphasis was noted in smart environments toward
learner-centered platforms (Radenković et al. 2009). Technology platforms bridge
the smart learning environment and the real world through collaborative learning and
knowledge exchange; in essence, the classroom is the world (Kim and Oh 2014).
Utilizing a smart environment, educators can broaden their learning space using
mobile devices as hardware, virtual reality as software, and the Internet. Profession-
als can communicate, exchange information, and progress through collaboratively
learn with and from colleagues around the world.

Smart literacies, sometimes known as digital literacies (Weiland 2015), provide
one component to the process which Rheingold (2012) noted can be learned. Sim-
ilar to smart learning, smart literacies are also defined by component parts; Martin
(2005) suggested the literacies comprised the skills of constructing new knowledge,
communication, collaboration, social action, reflection, and critical thinking. Impor-
tantly, smart literacies are not a one-size-fits-all proposition; the literacies need the
guidance of trained facilitators tomeet the unique needs of learners. The key for facil-
itators activating the smart world is to construct educational encounters balancing
the activity, technology, and the educative value.

Smart pedagogy is viewed as a combination of smart teaching and smart learning
(Borawska-Kalbarczyk et al. 2019). Pedagogy represents the relationship between
teaching and learning; pedagogical elements include content, and pedagogical and
technological knowledge (Gros 2016). The intersection of the pedagogical factors
provides unprecedented opportunities for teaching and learning. Technology has
forever changed the role of educators who now must rethink the dynamics of the
educational system in order to facilitate, coordinate, enable, and lead learning into
the digital age (U.S. Department of Education 2016). Focusing on smart pedagogy
affords an opportunity to highlight the importance of integrating digital tools, mobile
technology, and learning platforms into the curriculum (Kaimara and Deliyannis
2019). An example of smart pedagogy is a pedagogic collaborative cloud.

Hwang (2014) provided a note of caution, “new learning modes will raise new
pedagogic issues, and smart learning is a brand-new concept of learning” (p. 11). For
clarification, Fullan (2013b) proposed four criteria a new pedagogy would have to
meet: “(1) irresistibly engaging, (2) elegantly efficient and easy to access and use, (3)
technologically ubiquitous 24/7, and (4) steeped in real-life problem solving” (p. 24).
Conducting an analysis of instructional strategies, Uskov et al. (2018) forecasted
the implementation of smart pedagogy both on-site and online at institutions of
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higher education in the near future. New is often popular. It appears students possess
a “strong interest in smart pedagogy” (Uskov et al. 2018, p. 3); it appears smart
pedagogy will be an essential research topic over the next ten years. The future is
now.

Teaching and learning have changed in format and purpose (Fullan and Lang-
worthy 2014). The role of a facilitator is seen as leading the “students’ journey
through the world, not as infallible sources of knowledge” (Borawska-Kalbarczyk
et al. 2019, p. 37). The aim of a facilitator is to build rapport based on trust and respect
(Žogla 2019). Fullan and Pinchot (2018) advised activators to focus on pedagogy.
Auerbach and Andrews (2018) delineated a framework of pedagogical knowledge
for active-learning instruction including mentoring and responding to student think-
ing, increasing equity, motivating students, promoting metacognition, building links
between tasks, and managing logistics.

Pedagogymay be the driver, but “technology is the accelerator” (Fullan et al. 2017,
p. xiii) and faculty are the catalysts, the activators (Hattie 2012). Hattie analyzed over
1000 studies and found that although a facilitator was a more dynamic term than
lecturer, the most effective term was activator which had an effect size of 0.72 or
three times greater than the effect size of a facilitator. The relationship between a
facilitator and the students was “too passive” (Fullan et al. 2017, p. 67). The preferred
role for an instructor is an activator, a co-learner in an active partnershipwith students
(Casey 2012; Newport 1906). As the key determinant in learner outcomes (Yates and
Hattie 2013), educators need to learn to work together in cooperation and dialogue
to get the best outcomes from learners (Caena 2014). Collaboration and sharing are
a crucial part of the changing praxis; an activator accelerates change.

Change is ubiquitous in the twenty-first century; in a smart world, educators
must adapt to smart pedagogy, literacies, learning, skills, and education which taken
together afford students the opportunity to acquire the skills, the lifelong skills, to
be successful in the future (Kaimara and Deliyannis 2019). Fullan (2007) explained
the nonlinear and iterative qualities of the change process and described change as a
complex labyrinth of intrinsic components. The nonlinear, interconnected world is
changing educational practice. Three factors illustrate the rapidly changing nature
of education: (1) concentration on twenty-first-century skills; (2) increased technol-
ogy; and (3) student collaboration, mobility, and self-reliance (Žogla 2019). Higher
education is recommending courses incorporate authentic problems and encourage
internships (Juaneda-Ayensa et al. 2019). In K-12 education, an instructional shift is
moving from focusing on individual disciplines to instructing key competencies and
twenty-first-century skills (Byrne et al. 2019). Educators, by combining pedagogy
and technology, move to the driver’s seat to create change (Fullan 2013a). How-
ever, there is a problem; education incorporates change slowly, and smart pedagogy
changes even slower (Kinshuk et al. 2016). Pressure on pedagogy is being applied
by the fast-paced world.

Smart education reinforces learner-centered, constructivist learning (Bognar et al.
2019). Indeed, many current smart educational reforms concentrate on instruc-
tional strategies from a constructivist perspective (Cuban 2013). When instructors
adopt constructivist pedagogy, learning becomes student-centered, collaborative, and
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focused on solving real-world problems (Zhao et al. 2015). In constructivist learning
environments, facilitators guide students constructing knowledge through inquiry,
reflection, and experience.

The roots of farsighted smart education are reflected in the past—in the works of
Freire (2009), Vygotsky (1978), and Dewey (1938). Freire, Dewey, and Vygotsky
recommended placing pedagogy in the hands of skilled facilitators, while Dewey
advised educators that students learned best by adding to their own experience and
constructing shared experiences. This foundation provided by the trio supports not
only smart learning, PCCs (pedagogic collaborative clouds), but also twenty-first-
century learning. The theoretical framework supporting PCCs is built on specific
types of constructivism: cognitive, social, transformational, and nonlinear (Aker
et al. 2018). Cognitive constructivism supports collaborative learning (Ng et al.
2010); social constructivism supports mobile learning (Luckin 2010); transforma-
tional constructivism supports the facilitation process (Kroth and Boverie 2009);
nonlinear constructivism supports twenty-first-century learning (Aker 2018, 2019)
and taken together provides broad support for pedagogic collaborative clouds.

The literacy pedagogic collaborative cloud represents an online mobile collab-
orative community. As higher education works to preserve and develop the online
student sector, optimizing courses for mobile learning is imperative. According to
Magda and Asianian (2018), 36% of potential online college students desire to com-
plete their studies online using a mobile device; 44% of online students conduct
most of their research on a mobile device; and 99% of online college students own a
mobile device. Assessing the data, “it is no longer a question whether we should use
these devices to support learning, but how andwhen to use them” (Trotter 2009, p. 1).
Mobile social media provides seamless learning (Seifert and Har-Paz 2018) by inno-
vatively offering extended collaboration by combining learning and technology (Yeh
and Swinehart 2018). Finally, in a study of social media collaboration, Razmerita and
Kirchner (2014) found students had no difficulty using online collaboration sites and
benefitted from the experience. Additionally, collaborative mobile learning provides
flexibility (Sulaiman and Dashti 2018), spontaneous learning (Ariyanto et al. 2018),
and social interactivity (Hernández-Lara et al. 2018). Unfortunately, a dearth of the
literature exists in the area of pedagogic collaborative clouds; the literacy pedagogic
collaborative cloud fills a gap. According to the AEA 267 (2007), ascertaining gaps
between the current reality and the desired state facilitates the process of change.

25.2.1 Pedagogic Collaborative Cloud (PCC)

Social media is transforming the dynamics of informal professional development
with Facebook being the most popular social networking site (Staudt et al. 2013).
The Facebook platform is communicative, collaborative, and user-centered (Limbu
2012) and conducive to finding solutions to given problems (Lampe et al. 2011).
Concerning social media, Lopez (2012) posited, we have entered “a new frontier
of human experience… [in a] rapidly changing world” (p. 28). Facebook not only
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enhances collaboration, but also builds trust (Chang and Lee 2013). Facebook can
be used as a tool to facilitate discussions, distribute resources, make announcements,
provide peer feedback, and achieve educational success (Mazman and Usluel 2010).
The role of educators is changing not only in the classroom, but also in pedagogic
collaborative environments (Issa and Kommers 2013).

Patahuddin and Logan (2019) investigated Facebook as an information profes-
sional learning platform focusing on pedagogical and mathematical knowledge.
The study provided evidence that Facebook supports informal professional develop-
ment. Van Bommel and Liljekvist (2016) posited “teachers [can] initiate and orches-
trate their own professional development on the Internet” (p. 1). Rutherford (2010)
explained social media offered teachers an encouraging, participatory, practical, col-
laborative, and dynamic environment helping teachers’ professional development.
Finally, Manca and Ranieri (2017) stated, “Social Media tools are seen by many…
as powerful drivers of change for teaching and learning practices” (p. 216). Staudt,
Clair, andMartinez found Facebook not only was themost popular place for socializ-
ing, but could provide long-term professional development and continuous support,
becoming a “notable professional forum” (p. 68).

25.2.2 Background of the Study: Problem-Based
Service-Learning

The idea of creating a Facebook professional forumbegan simply as a problem. Smart
education reinforces learner-centered, collaborative learning, which often focuses on
solving authentic problems. Problem-based service learning represents an instruc-
tional strategy incorporating student-centered instruction, collaborative learning, and
solving authentic problemsguidedby service learning and civic engagement reinforc-
ing twenty-first-century workplace skills (Aker et al. 2018; Pentón-Herrera et al. in
press). Due to the flexibility of the approach, PBSL (problem-based service learning)
can be incorporated in practically any course. In a PBSL class, the students collab-
oratively identify and select a problem, learn about the problem, conduct research,
reflect, find a solution, and take action. The problem the PBSL collaborative group
focused on was time or rather the lack of it as K-12 educators. The literacy pedagogic
collaborative cloud was identified as the solution to the problem.

25.2.3 Literacy Pedagogic Collaborative Cloud

While instructing the second to last class in a Midwest University, Master of Arts
in Reading Education program, the students—all of whom were practicing K-12
teachers—still had many questions concerning literacy. Due to rapid changes affect-
ing pedagogy: Common Core State Standards (CCSS), Next Generation Science
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Standards (NGSS), multiliteracies, multimodalities, and new literacies, more collab-
oration concerning literacy was needed; this realization became the genesis of a pilot
study. The participants taking the pilot survey were the first twelve graduate students
who volunteered. It should be noted most of the students were millennials who adapt
well to collaborative learning, prefer online learning, and adjust quickly to mobile
learning (Tabor 2016). Figure 25.1 illustrates the concerns of the graduate students;
the largest problem identified by the participants was lack of time. It appeared cre-
ating a literacy pedagogic collaborative cloud would solve the problem by enabling
literacy professionals a mobile learning platform to communicate ultimately to ben-
efit their students, the profession, and themselves. The pilot study indicated further
investigation was warranted.

The purpose of this online triangulated qualitative study was to verify a perceived
need for the development of a mobile literacy pedagogic collaborative cloud. The
research questions were: (1) Does the interest or need exist to create a literacy col-
laborative cloud for graduate students and alumnae? (2) What was the best format
to encourage participation? The participants included 45 master’s/doctoral students
and recent alumnae from the literacy program at a Midwest University. The qualita-
tive study utilized an ethnographic methodology to study a subculture who not only

Fig. 25.1 Time crunch: concerns of graduate students (n = 12)
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shared some of the same features (Muecke 1994), but also emphasized common
experiences and behaviors (Morse and Richards 2002). The ethnographic approach
was particularly appropriate because it was based on the immersion of the researcher
in a distinctive social context, specifically online higher education (Hammersley and
Atkinson 1983; Spradley 1980). The study included four sources of data: a question-
naire, semi-structured interviews, artifacts, and a researcher journal. Quality checks
utilized in the study included using information gleaned from the questionnaire to
refocus the interview questions and incorporate respondent feedback.

Eighty percent (80%) of the questionnaire participants agreed or strongly agreed
with the creation of a literacy collaborative cloud. Focusing on the concept of liter-
acy, 100% of the participants preferred to collaborate about literacy; many of them
shared they did not have colleagues in their school or district to discuss current lit-
eracy issues. Indeed, fifty-seven percent (50%) always had unanswered questions
concerning literacy. Concerning the concept of collaboration, 100% of the partici-
pants agreed collaboration improved teaching practice. One hundred percent of the
participants preferred to collaborate with a group of professionals in their field. With
respect to the concept of learning online, ninety-eight percent of the respondents
concurred learning online improved teaching practice. Ninety-one percent of the
participants agreed that online learning by teachers was enriching and worth the
time.

When choosing content for a literacy pedagogic collaborative cloud, 89% of the
respondents would like to focus on different content areas as well as literacy.What do
the respondents view as the purpose of the LPCC (literacy pedagogic collaborative
cloud)? Ninety-five percent (95%) of the participants would like to find out what
others are doing; 93% would enjoy sharing ideas; 88% would appreciate the ability
to learn new strategies; 65% would pose additional questions.

The findings of the LPCC study demonstrated the value of engagement in learn-
ing tasks consistent with the work of Razmerita and Kirchner (2014) who discussed
the importance of groups sharing concerns and interacting together. In addition,
the study supported Dewey’s (1938) assertion that the teachers must take an active
role in knowledge construction. The findings reflect the constructivist theories of
Dewey (1938), Piaget (1970), and Vygotsky (1978) whose theories suggested learn-
ing involves “constructing, creating, inventing and developing our own knowledge”
(Marlowe and Page 1998, p. 10) and highlight the concept that new knowledge was
actively acquired (Brooks andBrooks 1999). Constructivism suggested new informa-
tion, in the case of this study information concerning the need of a literacy pedagogic
collaborative cloud, was actively assimilated into previous knowledge structures
while simultaneously changing the structures. Finally, the quality of the collected
artifacts and of the interviews supported Vygotsky’s (1978) thoughts concerning the
strong relationship between social interaction and high-level learning.
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25.2.4 Professional Shift

The main intention of this study was to understand the needs of the graduate stu-
dents and recent graduates of reading programs, fill the perceived gap if warranted,
and improve practice (Shagoury and Power 2012). According to the participants,
the creation of the literacy pedagogic collaborative cloud would fill the need for
online informal collaborative professional development. Clarke and Hollingsworth
(2002) examined the shift in professional development which encouraged educators
to become active learners shaping their own professional growth through reflective
participation and taking responsibility for their own learning. The aim of the LPCC
study was to determine if a group of driven graduate students and recent graduates
would be interested in creating a collaborative vehicle to build a community of pro-
fessional educators so they in turn could facilitate their own learning concomitantly
determining their path for change; the answer was a resounding yes! A literacy peda-
gogic collaborative cloud was created on the students’ choice, Facebook. Figure 25.2
displays some of the participants’ comments during the study.

An invitation to join a private Facebook group was extended to students and
recent graduates; the mobile Facebook app was recommended. Communication has
never stopped; group members sustain conversations over long periods of time on
Facebook. The site is busiest in the evenings and over the weekends.

25.3 Conclusions

This study began by systematically examining the responses to a discussion question
of an online reading class which ultimately became the genesis of this research
study. Noticing the graduate students, soon to be graduating students, still had many
questions concerning literacy combined with the knowledge of the rapidly changing
field of literacy, this study sought to discover if an interest or need existed to develop
amobile literacy pedagogic collaborative cloud. Lessons learned included learning is
not a straight path and flexibility is critical. Additionally, insight was gained from the
qualitative work of Margaret Mead who posited the world changes through the work
of small groups of dedicated people (as cited in Wheatley and Frieze 2011, p. 9). In
the end, after confirmation from the study results, a literacy pedagogic collaborative
cloud was created and is going strong. The LPCC reconfirms the findings of the
OECD (Vincent-Lancrin et al. 2019) who found at a time when formal training
for educators has grown only moderately in the past decade, informal professional
development is seen as an “encouraging trend” (p. 3). The teacher is indeed the
learner (Dewey 1916).
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25.3.1 Recommendation and Final Thoughts

Encourage the development of informal peer learning professional development
using social media focusing on three areas: mobility, sustainability, and badges. As
Hargreaves and Shirley (2009) noted, “when teachers have structured opportunities
to explore the nitty-gritty challenges of their practice through thoughtful exchanges
with colleagues…. they rediscover the passion for learning and their own personal
and professional growth that brought them into teaching in the first place” (p. 93). It
seems educators collaborating with colleagues in an online literacy pedagogic col-
laborative cloud driven by mobile social media may ignite not only learning, but
also personal and professional growth. Educators hold the key to unlock the future
of learning; but there is still much to accomplish.

Glossary of Terms

Collaboration A group of two or more people learning together.
Collaborative learning cloud Cloud-based learning supported by collaborative

tools including the Google platform, Padlet, social networks, and forums.
Community cloud A cloud location designed specifically with a group possessing

one or multiple shared concerns which is managed and operated either internally
by the group or externally by a third party.

E-learning collaborators Collaborators in the e-learning environment possessing
the dual emphasis of providing and consuming.

Informal professional development Informal activities established to engage
interaction, learning, and growth among educational professionals focused on
practice.

Literacy Today, the definition of literacy incorporates and transcends functional lit-
eracy; literacies include the interactive, complex application of the skills, knowl-
edge, and abilities needed to meet the social, cultural, political, technological,
and economic challenges of the nonlinear twenty-first-century world.

Online collaborative learning Online collaborative discourse designed to promote
knowledge building to incite learning and action.

Online community A formal or informal group situated in the online environment
focused on a common purpose.

Peer professional development A group of peers linked by a similar professional
practice sharing, creating, and reflecting; learning together.

Private cloud communities A cloud community is designed to provide support for
a specific group of individuals.

Problem-based service learning A collaborative approach to instruction based on
finding solutions to authentic problems and incorporating a service-learning
component.
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Smart “Smart” reflects logical, individualized, and flexible education, learning,
environments, or pedagogy.

Smarter A “smarter” education or pedagogy emphasizes changing instruction for
the better linked to incorporating twenty-first-century skills.
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Chapter 26
Considerations for Implementing
Emerging Technologies and Innovative
Pedagogies in Twenty-First-Century
Classrooms

Jessica Rizk

Abstract How canwe understand the role of new emerging technology (i.e. robotics
kits, interactive whiteboards, iPads) in facilitating student engagement in today’s
twenty-first-century classrooms? What considerations must educators, policymak-
ers, and researchers alike make regarding how to best implement technology today?
While technology integration is growing to become a mainstay in many classrooms
worldwide, it is imperative that research highlight some of the concerns and chal-
lenges to using technology in today’s classrooms. This chapter is based on research
exploring technology use and integration in elementary classrooms (K-8) across
ten school boards in Ontario, Canada. Interviews and observations with educators
and students utilizing various technologies highlighted four major considerations for
implementing new technologies today in a way that may enable long-term engage-
ment with materials: (1) teacher pedagogy; (2) teacher training; (3) collaborative
learning environments; and (4) greater access of digital tools across schools. As
this chapter suggests, the how and why of technology can be thought of as the real
markers of whether digital tools alone can transform student engagement in twenty-
first-century classrooms. Such contingencies highlighted can be seen as a way to
ensure that teachers avoid failed digital rituals (Collins 2004) and ensure that they
are able to align rituals utilizing technology and digital cultural capital with school
goals (Bourdieu 1973). This research provides new efforts to understand where edu-
cational practices and processesmay be reconfigured by new technological practices,
along perhaps, more empowering lines, if they are properly implemented.
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26.1 Introduction

For decades, there have been many reform agendas aimed at increasing student
engagement in the classroom—in hopes to transform teaching and learning, to make
schools more efficient and productive, and to also prepare students for the future
workplace (Cuban 2001). Over the years, the reliance of print-text to teach students
has remained quite stable (Tyack and Tobin 1994), which has meant that student
engagement with curriculum has been wide-ranging. Student disengagement with
schools has often been considered the most persisting issue for both students and
teachers (Newmann 1992). Increasing technology in the classroom has been one way
that policy makers have sought to transform education. Today we are witnessing per-
haps the largestwave of technology entering schools, at an enormously rapid rate.Yet,
technology is not new—the first wave of technology to hit schools (i.e. blackboards,
projectors, desktop computers), while introduced with much anticipation to revolu-
tionize schooling, ultimately failed to transform learning. Nearly two decades ago,
education scholars (see Apple 1991, 2004; Cuban 2001) warned about the dangers
of using technology to reshape our education system, arguing that despite the push
towards technology-infused teaching, there had yet to be a technological revolution
in the vast majority of American classrooms. Twenty years later, much has changed,
and many are rethinking what we know and how we think about technology today,
and how it can reduce disparities in student engagement based on socio-economic
status (SES).

While emerging technology integration (i.e. robotic kits, iPads) are becoming
an important piece to twenty-first-century learning, and in facilitating what is com-
monly known as ‘twenty-first-century classrooms’, it is not without its concerns
and challenges. Interviews with educators across Ontario school boards have shed
light to many policy implications that are important for those concerning themselves
with technology’s presence in today’s classrooms. The following chapterwill address
some of the issues and obstacles teachers in this research highlighted in their quest of
navigating technology. A fundamental question I considered throughout this research
is whether technology alone can facilitate longevity in student engagement.My inter-
views with teachers and observations of classrooms suggest that the answer to this
question is maybe. In this chapter I argue that from a policy perspective, technol-
ogy’s ability to really transform student engagement depends largely on a number of
contingencies. In other words, I argue that digital technology can effectively boost
student engagement depending on technology’s ability to, among other things: be
embedded in a mindful pedagogy; be adequately supported by teacher training; be
used to promote group collaboration; and lastly, be rolled out uniformly or at least,
equally in schools.
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26.2 Twenty-First-Century Classrooms and Competencies

Classrooms in the twenty-first-century are the topic of much discussion surround-
ing global education and policies. This global boom of communication technology
has made it possible to expand and expedite learning for children in the classroom
(Kenney 2011). The popular expression, ‘twenty-first-century classrooms’ has now
become synonymous with a larger general shift in educational pedagogy. This shift
includes a variety of learning tools and skills that vary amongst and between classes
and schools. The expression, ‘twenty-first-century classrooms’ is most often used
to signal educational changes in pedagogy, policies, and practices that have arisen
in the era of a new or ‘next’ generation of learners (Jenson and Taylor 2010). In
particular, this educational shift is geared toward preparing students with ‘twenty-
first-century competencies’ (i.e. knowledge, skills and attributes) that will enable
them to face complex challenges and reach their full potential. Some examples of
such competencies include, but are not limited to, critical thinking, communication,
collaboration, creativity and of course, digital literacy (OntarioMinistry of Education
2016).

Scholars are increasingly making reference to the rapid use of technology such
as computers, laptops, iPads and smartphones in schools and classrooms across the
globe (Churchill andWang 2014; Cuban 2018; Goode 2010; Haste 2009; Kerr 2004;
Mao 2014; Selwyn and Facer 2014), which have certainly revolutionized the ele-
mentary education experience. Research has shown that utilizing technology—from
preschool, right through higher education—can have many benefits for learners.
Most often, technology is often considered a way to increase student motivation and
engagement (Kenney 2011; Kinash et al. 2012; McKnight et al. 2016), but it has also
been thought of as a tool to decrease discipline problems and dropout rates (Cardon
and Christensen 1998; Yard 2015); provide greater communication and collaboration
among students and between teachers and students (Hutchinson et al. 2012; Ken-
ney 2011; Keser and Özdamli 2012); facilitate more stimulating work environments
(Costley 2014; Kenney 2011; Kurt 2010); expand teaching strategies and flexibility
in classrooms (Fernández-López et al. 2013) and foster greater independence and
individualized learning (see Kenney 2011; McLanhan et al. 2012). Thus, there is no
shortage of literature documenting some of the implications that technology may
have on students when introduced in classroom settings. However, as we enter this
new era of digitalization in schools, it is important research highlights how to best
integrate such tools in education in a way that can help students maximize their
benefits.
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26.3 Methodology

Data collection derived from a large research project that examined technology use
and integration in elementary classrooms (K-8) across two different sites in Ontario,
Canada. The first site of data collection consisted of observations of students and
teachers in 16 classrooms across the Spencer District School Board (SDSB)1—
classrooms that used general technology in a variety of educational settings (main-
stream classrooms, ESL, library and special education rooms). Observations were
conducted in two schools in the SDSB—Summerville and St. Helena2—both located
in relatively middle-class neighbourhoods, with a diverse student population. Obser-
vations were done between spring and fall 2016 and over 50 h of observations were
completed.

Interviews were conducted during the 2016–2017 school year with teachers. 32
interviews with K-8 teachers in the SDSB were conducted—normally in classrooms
either before or after school hours, sometimes even during breaks. Interviews ranged
from30min to 2 h andwere recorded on an iPhone device. Participants were assigned
numbers to remain confidential. Although guiding questions (i.e. why and how do
you use technology?) were used, most of the interviews occurred organically.

The second phase of this research consisted of data from 38 in-depth interviews
with teachers, 10 focus group interviews (95 participants including teachers and
administrators), and 11 classroom observations in 9 different school boards (separate
from SDSB) with a particular focus on robotics kits. Between January to June 2017,
I began research for a Council of Ontario Directors of Education (CODE) project
on robotics (Aurini et al. 2017). As part of the Ministry of Education’s initiative to
support twenty-first-century learning, all 72 Ontario school boards received robotics
kits during fall 2015. Participants chose kits depending on grade levels and subjects
to be used in (most often, math and science). The aim of this project was to look at the
connections between robotics and teaching practices—can robotics be a viable tool
to support student engagement in twenty-first-century classrooms? As a researcher
in this study, I had the opportunity to observe multiple classrooms across school
boards and conduct interviews with teachers and students.

The design was created to compare a broad coverage of technology (i.e. main-
streamvs. special needs student population), and different types: those that arewidely
established in classrooms (i.e. Smart Boards), and one that is emerging—robotics
kits. Observational notes for SDSB and the robotics project were coded using both
Microsoft Excel and NVivo and stored on a password protected USB. Interviews
from both SDSB and the robotics project were transcribed, uploaded and stored on
the same USB. Both sets of interviews were imported into NVivo and coded for
existing and emerging themes.

1School Board name has been changed.
2Names have been changed.
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26.4 Results

As technology begins to make its way into classrooms worldwide, it is important
educators employing technology becomemindful of how andwhy they are embracing
new digital tools. My prior research has suggested that while technology does, in
fact, have strong potential to increase student engagement and reduce many of the
SES divides that were evident with print literature (Rizk 2018), technology use on
its own may not be sufficient enough to truly create longevity in student engagement
and learning. What is needed is a more tactical approach to integrating new digital
tools that moves past merely just exposing students to technology. The next section
outlines four contingencies that emerged as necessary considerations for utilizing
various kinds of technology in the class.

26.4.1 Teacher Pedagogy

The strength of technology’s ability to transform classrooms, engage students and
facilitate longevity in learning hinges upon first and foremost, an informed pedagogy.
Interviews with educators suggested that one of the main driving forces forecasting
whether technology could truly create new classroom experiences was based on
pedagogy. In other words, why are teachers using technology in the first place? Is
there a purpose? Do they have expected outcomes for students, or is it used as a tool
to just pass the time? Often times, teachers would share their learning goals with
me, and explain how technology enhanced them. Teachers noted that only when
educators really embrace technology can it truly ‘shift’ teaching roles:

The pedagogy piece hands-down comes first. You have to think in terms of what is the greater
learning goal when using technology. Don’t just give your class a bunch of iPads and think
that is enough – Grade 6 teacher, St. Helena.

While technology has encouraged many changes in the classroom, it alone cannot
be conceived of as the ‘holy grail’ to transforming twenty-first-century classrooms.
Thus, it is not enough to merely introduce technology with the expectation that it
will magically transform classrooms overnight. A traditionalist teacher will likely
still honour a traditional classroom even in the face of new technologies. While it
may encourage a more progressive attitude, without the right mindset, it alone may
not be enough to truly make a difference for student engagement in the long term.
As one teacher stated:

I can givemykids a really engaging lessonwithout tech and they’ll be super engaged.Because
it would be meaningful and purposeful. And then, I can do the same thing with technology,
and for sure, they will be more engaged, but the technology only helps you give that push
forward. – Grade 5 teacher, St. Helena.

Thus, teachers must recognize that before handing over a digital tool to a student, it is
key to consider what kinds of instructional approaches and planning may contribute
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to greater engagement. As the majority of future jobs will likely require some digital
fluency, educators must recognize digital skills as becoming a new type of valued
cultural capital (Bourdieu 1973;Rizk 2018) that is vital to student success.However,
informed pedagogy often rests upon adequate teacher training, which is the next
major contingency we must be aware of.

26.4.2 Teacher Training

Implementing a mindful pedagogy rests heavily on the type of teacher training that
is being provided to teachers. It remains important to ask whether teachers are given
proper technology training. Are teachers being provided with enough training ses-
sions, resources, and overall support to foster successful interactions with technol-
ogy? While the majority of teachers in this study did relish and embrace technology,
there still remained a level of concern and awareness that perhaps not all teachers
are in fact already comfortable with utilizing technology, particularly if it places
them in a position of uncertainty with their students. These same teachers however,
expressed a willingness to tackle technology, and an eagerness to attempt to integrate
it more if they had ‘proper’ training beforehand—training that could demonstrate,
for instance, links to curriculum, appropriate apps, or lesson plans teachers could use
that would alleviate some of the burdens they feel venturing in this new direction.

Oneof themost reoccurring responses regarding teacher concernswith technology
was the need for implementing more professional development or ‘PD’ days, to give
teachers the chance to learn, play, and explore technology:

Good PD has to be structured. It can’t be “come down, sit, and watch me do this”. It has to be
intensive and interactive enough so that you can come away with some kind of knowledge
that you can take back with you to your class. Allow them to play with it and relate it
to their lessons. Don’t just give them a manual and say go back and do that—it will fail.
– Junior/Intermediate teacher, Robotics Project

Many of the participants in this study urged for more interactive PD days with
technology that could allow them to have more hands-on experiences and contribute
to their ‘personal development with technology’ as one teacher put it. Taking it a step
further,many suggested that implementing technology into the existing curriculum—
linking it with grade-level expectations or providing examples of how to use it within
an already existing framework—could help entice more educators to utilize it, and
ensure proper training:

I think the problem is that teaching is not regulated. Technology is expected, but not enforced.
So, you will have some teachers tell you like what is the point? There is just so much
inconsistency between the kind of technology being used that it is easy for teachers to skip it
altogether. It would help to have solid examples of how to integrate it into the curriculum—
like how can robotics or programming be used to teach science for instance? - Special
Education Resource Teacher, St. Helena

Too often teachers are volunteering their time to ‘keep up’ with technology via
drop-in luncheons, or after-school PDs—a lot of which happened on their own time,
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and through their own self-initiated interests. Policy makers should thus continue
to consider the extent to which technology is being given to teachers, and whether
teachers are properly trained, and/or given the option to become more proficient in
using these digital tools. If we contend that digital skills are becoming a new valued
type of cultural capital (Bourdieu 1973) today, it is reasonable to assume that boosting
teacher training with technology can be seen as a way to nurture educator’s own
kind of cultural capital and allow them to use that knowledge to facilitate successful
interactionswith technology in their classrooms. Perhapswithout the necessary skills
or awareness of implementation strategies, many educators have suggested that there
becomes a greater risk for negative group interactions with digital tools to occur.

26.4.3 Technology and Group Collaboration

Previous work has highlighted that technology can foster successful interaction rit-
uals as Collins (2004) would claim—interactions that center around technology
whereby students are mutually focused on the symbolic element of technology are
able to generate emotionally energized rituals in group settings (Rizk 2018). How-
ever, if digital technology is truly to be effective in facilitating deep learning amongst
students, it must then, whenever possible, become embedded into more group activ-
ities as opposed to isolated rituals. Otherwise, there is a strong likelihood that class
rituals guided by technology can become negative or as Collins (2004) suggests,
‘failed’ rituals, whereby interactions can be insufficiently social. In failed rituals,
there is little or no feelings of group solidarity. Instead, individuals feel flat or bored,
with a desire to escape. Such failed rituals could be due in part because of insufficient
teaching training or pedagogy (as highlighted above), or as well, because of how con-
nected students have become to the internet today, leading some to be dependent on
digital tools. When group membership is used to target victims (i.e. online bully-
ing), this can certainly be classified as a negative effect of technology. In classroom
settings, educators remained cognizant of how important it becomes to monitor how
technology is used amongst students, in particular, when used in isolation from their
peers:

Sometimes students are just on their own…they are on an app or doing their own thing when
you just tell them to use technology. They are not really playing together. The loss of social
skills is there when you give students the option to just sit on their phones. Sometimes the
most technologically advanced kids are the less social, so it is really important as a teacher,
you think about the ways in which technology is being implemented in your class— Grade
8 teacher, St. Helena

Many educators stressed that if students relied too heavily on technology, there
remains a strong possibility that social skills may become compromised as a result.
One negative effect of using technology without a guide or purpose in mind is that
there is an increased risk of students deviating from the task at hand and search-
ing inappropriate content for example—further contributing to the importance of
thinking about how and why we use technology.
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My observations of classrooms sometimes shed light to the potential negatives of
technology: timeswhen inappropriatematerial would find its way into the classroom,
or when teachers used it as a method of control to calm students down as noted in
this field note:

The kindergarten classroom today is very busy—with 30 students ranging from different
learning needs, to behavioural issues, to some with unidentified special needs. The teacher
seems to be at her wits end—there are students crying, others running around, some con-
stantly vying for the teacher’s attention. She seems overwhelmed. As she attempts to gather
them all on the carpet for a lesson, she quickly senses her voice being lost in a sea of thirty
students. She begins turning on the Smart Board and puts on a Sesame Street video. Like
clockwork, the students settle in and become mesmerized on the screen.

Not every encounter with technology will necessarily facilitate a positive or suc-
cessful learning opportunity that extends beyond the immediate moment; but what
can contribute to successful interactions is more collectivity amongst students using
technology:

If it is just the student and the tech, then they won’t be interacting with one another. But if
you use that tech tool for group work, for projects, for research…it makes a difference. It’s
not just the tool, but how you use the tool – Grade 6 teacher, Summerville

In short, depending on howwe employ technology in the classroom, it can have the
potential to strongly engage students, be used as a tool to regain control over students,
isolate them, or even lead them to experience negative interactions. Technology does
have the power to become socially isolating, and less oriented towards deeper learn-
ing if not used appropriately. However, I posit that the potential for technology to
engage students is largely contingent on the manner in which we expose and employ
technology to youth. Even if teachers are relatively successful in promoting engag-
ing classrooms with a strong pedagogical focus and a collaborative element, there
still remain concerns regarding access. One of the barriers that impacted educators
ability to properly engage students and use technology in a purposeful manner in this
study was concerns with access. The next section will unpack some educator qualms
regarding the lack of institutionalized technology across schools.

26.4.4 Equal Division of Digital Technologies

In order for teachers to properly plan informed and engaging lessons that engross
their students in a collaborative manner, there must be some uniform access across
schools and grade levels. Coleman’s (1966) classic report argued that much of the
inequality imposed on children by their home, neighbourhoods, and peer environ-
ments were carried into school contexts. However, a host of research over the last
decade has documented schools’ roles in essentially narrowing learning discrepan-
cies (Alexander et al. 2007, 2016; Davies and Aurini 2010, 2013; Downey et al.
2004; Downey and Condron 2016). In other words, schools today may not be great
producers of inequality, as previously thought. Technology may have the potential to
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truly engage students of different SES as suggested elsewhere (Rizk 2018); however,
since the use of digital technologies is relatively new, it has not yet become fully
institutionalized (i.e. embedded into funding formulae and standardized curricula).
This can (and does) have some implications, as new technologies are currently being
rolled out unevenly across schools.

First, there remains an unequal distribution of technology in schools. Ontario
boards have long relied on funding from the Ministry of Education for additional
support to aid in student learning, which has been increasing over the years to support
growth of new programs (Ontario Ministry of Education 2009, 2012; People for
Education 2006, 2012). However, since technology is a relatively recent addition to
modern-day schooling, there is less regulation surrounding technology’s placement
and funding in schools, as some schools are capable of securing more technologies
than others. This ‘unequal distribution’ of resources was certainly not surprising to
educators, as many of themwere cognizant of the challenges to making the transition
to the digital world without the appropriate resources in place. According to a Grade
2/3 teacher, ‘the problem is that not all the schools have money to buy technology. If
you don’t have the money, how can you say to teachers, use the technology?’ While
most schools do have access to technology in some capacity (i.e. shared computer
labs or rotating iPad carts), it is worth consideringwhat steps could be taken to ensure
that teachers are able to access technology more readily.

Similarly, we must be mindful of fundraising gaps. A central concern for edu-
cators is the continued disparity in use of, and access to technology, as more afflu-
ent schools may be able to provide more enhanced experiences for their students,
and a richer variety of skills that could not only positively impact a child’s educa-
tion, but also enhance outcomes for an already advantaged social group (Froese-
Germain et al. 2006; Milani and Winton 2016). While there exists a host of potential
sources, everything from local community members to not-for-profit organizations
(Winton 2016), parent-teacher organizations (PTOs) have been found to play a large
role in giving upper-middle-class communities an advantage for new educational
resources and opportunities (Cutler 2000; Evans et al. 2015; Lareau and Muñoz
2012; Posey-Maddox 2013; Wells 2002), often putting pressure on educators in
prosperous schools to teach new digital skills and remain up-to-date with current
technologies (Rafalow 2014). Teachers in this study were also beginning to note the
potential effects of having strong PTOs on the availability of technology in schools.
A Grade 8 teacher at St. Helena mentioned that ‘our parent council fought for more
technology. They raised enough money to buy more laptops. So, parents really play
a large role in student access to technology here more than other schools’. Broadly
speaking, educators in this study recognized that funding disparities could be a poten-
tial barrier in providing students with similar educational-technology training, as the
richer neighbourhoods were able to garner more money for the latest technologies to
educate students. They were mindful that while they may be fortunate to be placed in
a schoolwith adequate technology and training, thismay not be the case for everyone:
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I think it just depends on how the board wants to spend their money. Our principal was very
willing to spend money on new technology. But other schools…it depends on what their
priority is. Schools in lower-income areas have different focuses. They might be spending
money on running breakfast clubs instead– Grade 2/3 teacher, Summerville

Alongside concerns about access and fundraising new technology, some teachers
in this study also expressed their worries about being able to provide students with
enough resources so that even those without any access at home can benefit. Some
school boards in Ontario have been mindful of this and have begun to take steps
through providing lower-income schools who have students facing external chal-
lenges (i.e. students living under the median income, from lone-parent families, etc.)
additional funding and resources (see Toronto District School Board 2017). As one
Grade 5 teacher said, ‘if you start saying how many of you can bring in your own
iPad tomorrow and only ten hands go up… that puts those students in a bad position
because they don’t have that choice.’ Ultimately, as more jobs of the future will
require digital skills and twenty-first-century competencies that are thought to come
with increased technology use (i.e. creativity, perseverance), such discrepancies in
access to technology and proper training could have serious implications for divisions
among youth. Not only are technological skills (i.e. coding, programing) important
kinds of capital that are required for many employment opportunities (Paino and
Renzulli 2013; Peng 2017), but research supports the notion that it is essential for
students to be equipped with digital skills early on (Trilling and Fadel 2009; van Laar
et al. 2017). If future professions increasingly necessitate digital skills, it is important
that we address the extent to which such opportunities are being given to all students
and consider the various ways in which this can occur. As we move forward with
technology, it remains imperative for policy makers to consider how to best create an
equitable division of technology across all schools, so that all students may gain the
proper digital skills for their future. Many educators suggested that ultimately, a full
implementation of technology in classrooms is needed—proper funding, resources,
access, and training—in order to truly achieve an equitable arrangement in schools.

26.5 Conclusion

This research investigated whether technology integration in classrooms has poten-
tial to transform student engagement in twenty-first-century classrooms. Drawing on
interviews and classroom observations across ten school boards in Ontario, Canada,
the answer to this question remains, possibly. As suggested through this chapter,
facilitating a classroom with engaged students largely depends on how technology is
utilized—or the various contingencies highlighted throughout the chapter. In other
words, to create more engagement amongst students, it is imperative that we consider
how to: (1) develop a purposeful pedagogy with technology; (2) support and encour-
age greater teacher training with various digital tools; (3) when possible, embed
technology more into group collaborations rather than as an isolated learning tool;
and (4) attempt to create a more equal division of access to digital technologies



26 Considerations for Implementing Emerging Technologies … 457

across schools in different neighbourhoods. Thus, the real marker of difference as
to whether students are more engaged lies in the way technology is being integrated
and accessed. This will ultimately define whether students become engrossed with
technology. As one teacher said:

Apps and technology in general are only as good as the lesson that the teacher brings to it. It
really comes down to how you use it. So, if you tell the kids just to take out a piece of paper
and write about their weekend, you can see most of their eyes roll. But, now introduce book
creator app for example, and tell students to be creative—pictures, fonts, colours, the works.
Then the excitement and the fun go up because the teacher introduced it with a purpose in
mind. It was not like here play on the iPad…it was here, let’s do this lesson on the iPad. The
difference is in how you use technology. – Itinerary teacher, SDSB

In short, it is not enough to simply provide access to technology without effec-
tively considering the different ways in which it can be applied to learning. This can
encompass many factors, but as stressed in this chapter, teacher pedagogy, training,
facilitating collaborative mindsets, and availability of resources seem to be among
the most important contingencies. While examining the extent to which such factors
can truly impact technology integration, and whether proper implementation can
facilitate ‘deep learning’ (Mehta and Fine 2019) remain beyond the scope of this
work, I have attempted to provide some preliminary thoughts concerning student
engagement and technology. It is my hope that future research continues to unpack
the intricate relationship between technology and education in twenty-first-century
classrooms.

Glossary of Terms

Twenty-first-century classrooms a pedagogical approach that aims to promote new
forms of learning that are more collaborative and creative.

Cultural capital a term that originated from Bourdieu (1973), though it has been
extended and elaborated on in different ways over the years (Davies and Rizk
2018). Usually thought to refer to particular kinds of knowledge and skills that
are recognized and rewarded in various settings.

Robotics kits a special type of construction kit used to build robots in different
capacities.

Socio-economic status (SES) referring to the economic aspects of social ranking.
Usually measured with a series of related attributes, including family income,
parental employment and education, and/or poverty level.

Student engagement refers to the degree of interest, passion, and attention that
students may show (observable) when they are learning or being taught.
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