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Foreword 1

Globally, there is much talk about the importance of learning the twenty-first
century skills and practices, which go beyond traditional content learning to include
cross-cutting skills that span across disciplines, such as problem solving and
information literacy as well as softer skills such as collaboration. The twenty-first
century skills standards seem to demand inquiry-oriented approaches to learning
without explicitly saying so. That is what makes the current volume so timely as it
bridges these new standards for learning with enabling pedagogies and
technologies.

I am delighted to write a foreword to this volume written by this particular group
of international collaborators. In this book, 21st Century Skills Development
Through Inquiry-based Learning: From Theory to Practice, Chu, Reynolds,
Tavares, Notari, and Lee bring together three of the most important contemporary
topics in educational research as they address the twenty-first century skills in
technology-rich inquiry learning environments. Within each of these topics, the
book works at integrating across frameworks for a range of standards, as well as
varying inquiry-oriented pedagogies. As they review the definitions of twenty-first
century skills, they consider what different frameworks have established as con-
temporary guiding educational tenets, and then they do the important job of helping
the reader see the intersections among frameworks, and how they align in the three
very different national educational contexts of Hong Kong, Switzerland, and the
United States.

A key theme that runs through the book is the ambitious teaching and learning
practices that are integral to inquiry-based learning environments. These are
ambitious for teachers in that they will need to be prepared to adapt to the directions
that learners take in their inquiry. These are ambitious for learners, as much is
expected of them, as they become active agents with heavy responsibility for their
own learning. Inquiry-based learning environments are ambitious in the type of new
approaches to instructional design and assessment that are needed. The challenges
are considerable as they are at variance with teachers’ learning histories and even
the current generation of students’ learning experiences. It requires a high level of
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technology, information literacy, and media literacy that are twenty-first century
skills for teachers along with the students they teach. An important feature of this
book is that the authors tackle these important issues without glossing over the
challenges but by providing evidence-based insights for addressing these
challenges.

As a scholar of problem-based learning (PBL) for more than 25 years, I have
seen few volumes that coherently address a range of inquiry-based learning
approaches. They focus on the common prospects and challenges across these
approaches in multiple cultural contexts rather than trying to figure out how they are
unique. Finally, they finish with concrete sets of advice for teachers, researchers,
school librarians, and policy makers. I especially would like to highlight the role of
librarians as one of the defining features of inquiry-based approaches that help them
afford learning twenty-first century skills are the demands for information literacy.
Much work on PBL and iPBL leaves the role of support for information literacy
tacit. By addressing the role of the school librarian in this support, this work asserts
and affirms the ongoing relevance of this integral role in the constellation of school
leadership. If schools of information science and school library programs do their
jobs well, school librarians should be eminently prepared to support learners in
technology uses for inquiry, information-seeking, and information literacy devel-
opment. In summary, anyone who is considering using inquiry-based learning to
support learning twenty-first century or pursue research or policy in this domain
will benefit greatly from the lessons captured within the pages of this volume.

Dr. Cindy E. Hmelo-Silver

Professor, Learning Sciences

Indiana University

Director, Center for Research on Learning and Technology
Director, 4C Lab

Barbara B. Jacobs Chair in Education and Technology
Indiana University
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This book’s focus on inquiry-centered approaches to student engagement is timely.
Presently, educational systems around the world are grappling with the complexi-
ties of what constitutes meaningful and powerful learning for young people
growing up in dramatically changing technological, social, and cultural environ-
ments. The challenges are enormous. Deep questions are being asked around the
efficacy and legitimacy of education and curriculum practices rooted in the tradi-
tions of past decades. These revolve around teacher-centric instruction, prescription
of knowledge and competency standards, standardized approaches to testing and
assessment, and coming to terms with the complexities of information technology
integration that goes beyond passive searching and finding, and transfer and
transmission of information with low levels of intellectual engagement.

We are at a significant educational crossroad. One the one hand, there are
concerted calls for a deliberate, deep, and sustained focus on deepening and
enriching the learning experience and outcomes of students, with attention being
given to meaningful engagement, construction, creation, problem solving, com-
munication and collaboration. On the other hand, educational practices and
assessment approaches continue to embody standardization and competition,
cooperation rather than collaboration, content knowledge and basic literacy skills
and the regurgitation of factual knowledge. The enormous gap between rhetoric and
reality continues to be a stark reminder of the challenges ahead.

John Dewey, in his provocative book “Experience and Education™ states as
follows:

“The belief that all genuine education comes about through experience does not
mean that all experiences are genuinely or equally educative. Experience and
education cannot be directly equated to each other” (Dewey 1938, 25). Dewey
continues to challenge us today to actively disrupt traditions and practices that do
not enable and enrich learning and life experiences, and provokes us to ask why we
continue to struggle with these fundamental issues. He later writes: “There is, I
think, no point in the philosophy of progressive education which is sounder than its
emphasis upon the importance of the participation of the learner in the formation

vii
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of the purposes which direct his [sic] activities in the learning process, just as there
is no defect in traditional education greater than its failure to secure the active
cooperation of the pupil in construction of the purposes involved in his studying”
(Dewey 1938, 67).

Dewey’s perspectives highlight why this book is fundamentally so valuable and
critical. The transformation of education is first and foremost about transforming
ourselves as educators: developing both our own pedagogical awareness and our
own instructional capacity that focuses on student inquiry, critical engagement with
information in all its forms, and how we engage with collaborative, networked
technology to empower and enable depth of learning. The book charts a range of
social constructivist pedagogical approaches centering on inquiry, their underlying
pedagogical assumptions and principles, and the empirical research that directs,
informs and challenges the learning process. The diverse approaches presented here
immerse students as partners, collaborators and creative producers in the design and
process of their learning, and showcase the essential complexity of developing
technical, intellectual, and reflective capabilities to enable this learning to take place
in powerful ways.

At the heart of inquiry-centered learning is the inquiry question. Thinking is driven
by questions, not answers. Students engaged in inquiry construct their own mean-
ingful questions, refine and improve their questions, strategize on how to design and
produce responses to their questions, and to communicate, share, and reflect on the
process, outcomes, impacts, and implications. And here we confront the essential
paradox of the question: in order to ask one must know enough to know what one does
not know. The book provides both a vital starting point for us as educators to question
and to come to know our own perspectives on learning, our own frames of reference,
our own assumptions and beliefs about learning, and then to advance our pedagogy
through the rich elaboration of the approaches provided here.

Dr. Ross J. Todd

Associate Professor, Director, Center for International
Scholarship in School Libraries

School of Communication and Information

Rutgers University
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About the Book

This book presents innovative instructional interventions to support inquiry
project-based learning as an approach to equip students with twenty-first century
skills. Instructional techniques include collaborative team-based teaching, social
constructivist game design and game play, and productive uses of social media such
as wikis. The book will be of interest to researchers seeking a summary review of
recent empirical studies in the inquiry project-based learning domain that employ
new technologies as constructive media for student synthesis and creation. The
work also offers a crosswalk from empirical works to a range of national- and
international-level educational standards frameworks such as the P21, the OECD
framework, AASL Standards for the 21st Century Learner, and the Common Core
State Standards in the U.S. For education practitioners, the book gives a detailed
description of inquiry project-based learning interventions that can be replicated in
today’s schools. Further, the book provides research-driven guidelines for assess-
ment and evaluation of student inquiry project-based learning. Finally, this work
may guide education policymakers in establishing anchors and spaces for inquiry
project-based learning opportunities for today’s youth, to inspire, motivate and
engage them in transformative social constructivist knowledge-building with lasting
impact, as well as to prepare them with a mindset and dispositions conducive to
dealing with present-day societal challenges.
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Part 1
Twenty-First Century SKkills
Education on the Whole



Chapter 1
Introduction

Technology is radically transforming teaching and learning, as inquiry-based digital
information resources and creative tools are made available to learners, schools, and
educators. This book explores ways in which traditional models of education are
evolving, and discusses a range of inquiry-based pedagogical approaches that more
fully leverage learner agency and motivational capacity. The book is directed
toward anyone interested in the ways in which adaptations to conventional didactic
teaching and learning approaches are opening up new doors for individual and
collaborative knowledge construction and sharing. Potential readers include aca-
demic researchers, education practitioners, policymakers, parents, and e-learning
service providers who wish to support an evolving set of skills and knowledge in
learners to prepare them well for active engagement in the drastic technological
changes in the twenty-first century. Readers will find theoretical, empirical, and
pragmatic discussions on inquiry- and project-based teaching and learning
approaches as they are being implemented in schools in Asia, Europe, and North
America.

Specifically, the book provides a synthesis of theoretical perspectives on inquiry-
and project-based learning with technology, alongside research-driven pedagogical
strategies for implementing inquiry projects encompassing collaborative teaching
and learning, students’ online research, digital project creation, and social media
uses, all staged in various school settings. The book also provides comprehensive
discussions around a knowledge domain that has come to be known as “rwenty-first
century skills”. Existing education technology standards and frameworks offered by
national organizations and government education departments are explicated,
synthesized, and juxtaposed (e.g., Metiri Group & NCREL 2003; OECD 2005;
Partnership for 21st Century Skills 2009; American Association of Colleges and
Universities 2007; 21st Century Schools 2010). Empirical evidence collected from
well-designed and extensive research studies investigating teaching and learning
utilizing such approaches is highlighted. Specific programmatic recommendations
are also offered, drawing upon established research findings. Pedagogical approa-
ches toward twenty-first century skills are investigated based on concrete examples

© Springer Science+Business Media Singapore 2017 3
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4 1 Introduction

of implementation studies being conducted by the authors across three continents,
Asia, Europe, and North America.

All nations around the globe face a growing set of shared problems that will
require innovative thinking, resourcefulness, and resilience among the worlds’
populations. These challenges include climate change, natural resource shortages
(e.g., energy, water), injustices involving race and gender, and socio-economic
inequalities and human rights abuses, to name but a few. Addressing these chal-
lenges will require cultivating a population that is awake to the problems and
impacts, and that is adaptable and focused on identifying creative solutions for
change. Further, education technology imperatives are swiftly changing worldwide,
spanning from the government policy level with new education technology agenda,
to the level of innovative research and development (R&D) in the academic and
technology sectors where targeted learning technologies are proliferating, to the
level of pioneering educators who are independently forging their own paths of
imaginative and creative technology education, using the myriad existing free tools
and resources that have been designed more for knowledge production in business.
For these reasons, we adopt an international approach that highlights these current
educational efforts, centering on human agency, as they are occurring around the
world. Care has been taken to situate our analyses in discussions of constraints and
affordances contributed by the cultural, sociopolitical, educational systemic and
infrastructural differences present across contexts. Overall, the work focuses on
demonstrating how inquiry-based pedagogies with similar commonalities in
learning objectives and with theoretical foundations in social constructivism are
playing out in the international settings we foreground.

Education practitioners (e.g., teachers, school librarians,1 administrators) and
parents can refer to this material when seeking empirical social scientific evidence
for the effectiveness of various pedagogical approaches toward the development of
twenty-first century skills. For those who are eager to try out pedagogies to sharpen
students’ twenty-first century skills, the book also covers a discussion of teaching
strategies and proposed curricular implementation sequences, with a particular
emphasis on teachers’ roles, and samples of assessment materials that reinforce the
pedagogical approaches outlined.

1.1 Goal for the Book: Fostering Meaningful Learning
Experiences and a Love for Learning

Education is the kindling of a flame, not the filling of a vessel.—Socrates

Socrates, the great philosopher, put forward the well-known metaphor of education
as “kindling a flame”, implying that education is anything but forced, didactic or

!School librarians are called teacher librarians in some parts of the world (e.g. Hong Kong), as they
are qualified as a teacher and have some years of teaching experience.



1.1  Goal for the Book: Fostering Meaningful Learning Experiences ... 5

top—down in nature. Unfortunately, global educational approaches are rarely so
enlightening. Most students today attend classes day after day and experience rote
learning and top—down instruction, without a clear understanding of how their
in-school engagement connects to the world outside their classrooms and their
future life and livelihood possibilities. Many students sadly become bogged down
and overwhelmed by endless problem sets, assignments, and exams. If you have the
pleasure of interacting with young children frequently, you will likely have met
some very intelligent and bright pupils whose passion for knowledge seeking has
slowly become shadowed by the pressures inherent to today’s school cultures. Long
anticipated holidays have also been transformed into dreadful revision periods
because schools may purposefully schedule tests directly right thereafter. Many
schools have inevitably become soulless factories that demotivate, bore, and frus-
trate their students, who may never have the opportunity in school to realize the
most valuable asset of humanity: a love for learning, facilitated by pursuit of one’s
curiosity through inquiry.

Learning environments hold potential to serve as fun and inspiring workshop
settings, where students can engage in exciting project-based activities that integrate
required curriculum material, while also simulating some aspects of real world
“epistemic” contexts, challenging students to gain a richer understanding of
learning material in a more situated, relatable way. Authors of the book have
witnessed students developing a love for learning under project-based pedagogy
interventions. One prime example is the case of a girl, who did not care much about
school in the past, but after beginning an inquiry-project-based learning (IPjBL)
program, became so devoted to her project work that she would carry with her to
school every day a folder containing all the related materials, even though it was
neither required nor necessary to do so. It is encouraging to all parties involved to
use pedagogies that make learning enjoyable, engaging, and effective. Hence, this
book addresses pedagogies that adopt such approaches, and illustrates operational
ways in which educators may apply such learning conditions in their own
classrooms.

1.2 Key Domains of Scholarship

1.2.1 Theoretical Perspectives of Influence

We present examples of technology-based pedagogy building upon the social
constructivist perspective that is becoming more commonplace, at least in principle,
among educational and information researchers and teacher training programs
worldwide. Social constructivism has been regarded as one of the leading learning
theories since the 1980s (Mayer 1996). Social constructivism is grounded on the
belief that students will optimally learn when they can “identify problems of
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understanding, establishing and refining goals based on progress, gathering infor-
mation, theorizing, designing experiments, answering questions and improving
theories, building models, monitoring and evaluating progress” (Scardamalia and
Bereiter 2003, p. 1371). All the way back to the early twentieth century, Dewey
(1916) asserted that learning occurs best when students engage in experiences that
are meaningful and significant to them. Vygotsky (1987) likewise stressed the
importance of providing learners with opportunities for active exploration to foster
meaningful engagement that allows them to develop new metacognitive skills
through peer and expert social interactions and through learning with socially sit-
uated texts. Such experiences enable students to build their personal conceptual-
izations of the world piece by piece, and make meaning of it, in the light of the
knowledge they individually and collaboratively construct (Kuhlthau et al. 2007).

The approaches we address all center upon social constructivist approaches to
teaching and learning. A key concept in social constructivist approaches to learning
is scaffolding, which has been addressed in the learning sciences, especially in the
area of problem-based learning (PBL) (e.g., Hmelo-Silver 2004, Hmelo-Silver et al.
2007; Hmelo-Silver and Barrows 2006; Hmelo-Silver et al. 2009) and self-directed
learning (SDL) (Hmelo-Silver 2004). Through thoughtful and well-designed scaf-
folding, teachers guide students in their discovery of new learning by providing
support, for instance, in the form of questions or demonstrations, or through
facilitating their generation of hypotheses for explanations (Kuhlthau et al. 2007;
Moran 2007). Hmelo-Silver et al. (2007) argue that such scaffolding is critical for
students to learn in complex domains to avoid imposition of excessive cognitive
load. What needs to be noted is that the task difficulty should be set within their
zone of proximal development. In other words, the assigned tasks must be of a level
of difficulty that are not only challenging to them, but also manageable and
achievable when students are mentored and given guidance (Bee and Boyd 2002;
Rogoff 1990; Vygotsky 1987). These social constructivist concepts are central to
the implementation of inquiry-project-based learning (PjBL), and are expected to
contribute immensely to students’ independent learning and development of
twenty-first century skills.

The following table summarizes a spectrum of the theoretical perspectives given
emphasis in the book, underscored by earlier work on social constructivism
(Table 1.1).

Project-, problem-, and inquiry-based learning reflect varying types of structure
that support and guide learners, including direct instruction provided by the teacher,
the scope and sequence of the curriculum and/or the digital learning and infor-
mation environments, systems, and resources that may be utilized. In this book, we
illustrate ways in which such approaches can leverage technology affordances to
extend the potentialities of social constructivist learning even further. We propose
that learners can enrich their subject knowledge in an engaging way in such set-
tings, while cultivating twenty-first century skills such as digital and information
literacies, reading and writing of digital texts, communication skills, research skills,
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Table 1.1 Summary of constructivist approaches

Approach

Brief description

Exemplary References

Inquiry-based
learning (IBL)

A learner-centered approach focusing on
questioning, critical thinking and
problem solving. The learner is actively
involved in formulating the
question/naming a problem

Chu et al. (2007),
Kuhlthau et al. (2007), Harada
and Yoshina (2004)

Project-based
learning (PjBL)

An individual or group activity that is
carried out over a specified period of
time, resulting in an output (product,

presentation, or performance)

Harada et al. (2008)

Inquiry PjBL

A combined approach of IBL and PjBL
that engages learners in formulating a
question/naming a problem within their
areas of interest. The answers to the
question and/or ways to solve the
problem are generated through group
activities that include information search,
evaluation, and management. The entire
process leads to an output (report and
presentation) that comes into being
through the use of digital technologies

Chu (2009), Chu et al. (2011)

Problem-based
learning

A student-centered learning approach in
which students work together to address
an open-ended question through inquiry
and problem resolution, within a learning
environment that is designed and
scaffolded to strongly support the needs
of students with prompts and resources,
as they do so

Hmelo-Silver (2004)

Constructionism

Student engagement in creation of a
complex computational digital artifact is
the focus, in which the student represents
an abstract idea or principle in the
representational artifact, through
programming. Learners benefit from
social interactions and sharing
throughout the process of creating the
artifact, in which the artifact expresses
conceptual knowledge in a dynamic
way. Educators act as expert mentors and
facilitators, while peers help guide one
another and students use information
resources in a workshop-based
environment that increases transparency
of creative processes

Papert (1980),

Harel and Papert (1991), Kafai
(1995), Reynolds and Harel
Caperton (2011)

computational literacies, and more. On the whole, we emphasize inquiry-based
methods that draw upon students’ inherent stores of motivation, effort and resi-
liency. We maintain that through engaging in the activities and experiences we
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outline in this book, students will gain a greater self-awareness of their own
inherent agency, which can have notable, transferrable effects upon their ongoing
learning experiences, as well as life and livelihood goals and choices.

In the following sections we provide an introduction to the primary dimensions
of the pedagogies we address throughout this work.

1.2.2 Twenty-First Century Skills

The twenty-first century, unlike any other period in human history, is characterized
by the proliferation of technologies. The acceleration of technological advancement
has made digital literacies essential for people in this information age (Black 2009).
Globalization, too, has reshaped organizational and professional operations across
the world, toward becoming more knowledge-based, geographically mobile, and
collaborative in nature (Dunning 2000). Meanwhile, machines have increasingly
taken the place of the human workforce in tasks that involve routine cognitive and
manual input. Consequently, the labor force is now hiring people for jobs that
require more analytical thinking, digital skills, and sophisticated communication
skills (Levy and Murnane 2012). Alongside these advances, human civilizations
face some of the starkest challenges yet experienced in the history of our species, in
the threats to global ecosystems being charted by scientists. All too often, citizens
feel disempowered that they can contribute solutions or innovations that are nec-
essary to help address global dilemmas. Such challenges call for the cultivation of
greater human agency, creativity, and an inquiry mindset that connect to feelings of
productivity. We propose that the approaches discussed herein present this
opportunity in the education context, with school-aged children, possibly more so
than rote learning approaches.

Overall, education systems have not evolved in parallel, in infrastructure, ped-
agogical methods, or actual curricular material that will maximally prepare students
for the current and future world in which they will enter and lead in their future.
New sets of skills linking to the broader world challenges we all face, are needed, to
equip learners with the capacity to negotiate the complexities inherent in today’s
global and knowledge-driven-economy (Asian Development Bank 2007). In broad
terms, twenty-first century skills are “not new, just newly important” (Silva 2009,
p- 631). Certain skills have been the center of attention for education institutions all
around the world for over decades, such as language skills and critical thinking,
while some other skills are more recently emergent, namely, digital literacies.
Twenty-first century skills comprise three main knowledge domains: (1) innovative
thinking; (2) information, media and ICT (information, communication, and tech-
nology) skills (collectively referred to as “digital literacies”); and (3) life and career
skills (Trilling and Fadel 2009). The book identifies areas of convergence as well as
divergence in these domains, and notes gaps that may still exist in such frameworks
as areas for continued conceptualization and development.
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1.2.3 Inquiry-Based Learning

Inquiry-based learning (IBL) is a pedagogical approach that engages learners
actively in a knowledge-building process through the generation of answerable
questions (Harada and Yoshina 2004). This approach is related to problem- and
project-based learning, in which learners adopt an inquiry mindset in addressing
epistemic issues or in developing and completing projects with a relatively
open-ended set of answers. Such pursuits can occur within the context of short-term
(e.g., single session) engagement, or longer-term (e.g., semester-long) assignments.
Such learning scenarios may be structured formally or informally, and take on
myriad forms.

For instance, an IBL project may comprise an interest-driven research question
developed by the learner, assigned in a school context (Blumenfeld et al. 1991;
David 2008; Marx et al. 1997; Thomas 2000). It may involve a more structured
problem-based scenario designed by an educator or researcher to teach learners
specific scientific or mathematical principles, requiring the learner to engage in
inquiry, subject knowledge immersion and perhaps research and creation of an
artifact for completion of the task. It could also present itself as a more open-ended
interest-driven project in which learners pursue an idea or question that taps their
innate curiosity (whether in or out of school). Such inquiry-based tasks share a
theoretical underpinning in social constructivism, presuming that learners are active
agents in building knowledge through constructing their own understanding and
through meaning-making, which requires them to have an inquiry mindset.
Research has found that more formalized, well-designed inquiry-based approaches
are effective in promoting positive learning outcomes such as deep thinking,
knowledge application and logical reasoning (Harel and Papert 1991; Dochy et al.
2003; Hmelo-Silver et al. 2007; Kuhlthau et al. 2007; Hu et al. 2008; Zmuda and
Harada 2008).

1.2.4 Collaborative Teaching

As inquiry learning is a learner-centered approach that requires students to bear
primary responsibility in knowledge construction and application, timely and
appropriate instructional scaffolding interventions by the educator and/or the digital
learning environment are of paramount importance (Thousand et al. 2006; Chu
et al. 2012b; Chu and Kennedy 2011; Richardson 2006). Furthermore, inquiry
learning is, on the whole, multidisciplinary in nature, which calls upon learners to
possess multifaceted skills and knowledge, such as reading skills, presentation
skills, information, and computer skills (Chu et al. 2012b). Since it would be rare
for one single teacher to cover all these skills and knowledge in his/her teaching, a
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collaborative teaching team involving various subject teachers is essential to guide
learners in developing these different skills. This book puts forward a collaborative
inquiry-project-based learning model that brings together front-line teachers, school
librarians, and administrative staff working closely together, and suggests an
inclusion of parents.

1.2.5 Collaborative Learning

Collaborative learning stresses the joint intellectual efforts among learners and/or
between learners and teachers (Coyle 2007). Learning outcomes such as reports or
presentations may be co-constructed by a small group of learners for demonstration
of cultivated knowledge (Smith and MacGregor 1992). Collaborative learning has
been found beneficial to the catering of learner diversity, as its focus on social and
intellectual interactions embraces differences in knowledge, skills, and attitudes
among learners and turns such differences into useful resources (Hartley 1999). On
top of subject knowledge, collaborative learning provides learners with an oppor-
tunity to sharpen their communication and negotiation skills (Gros 2001; Smith and
MacGregor 1992), as well as analytical skills for interpreting information (Lowyck
and Poysa 2001).

1.2.6 Social Media for Learning

One of the hallmarks of the rapid technological advancement in the twenty-first
century is the emergence of the social media. Since technology has remarkably
shaped the knowledge and skills demanded from students (Dede 2009), integrating
social media technology into mainstream education has become more common-
place. While educators are forging ahead in experimenting with the new peda-
gogical approaches that involve social media, education researchers are
investigating how social media features and innovations (both existing and newly
designed) can best be deployed to facilitate teaching and learning. As suggested by
the existing literature, incorporating social media into education can be impactful
(e.g., Richardson 2006; Chu and Kennedy 2011; Chu et al. 2012a).

Among all the types of social media tools available, the wiki, “a collaborative web
space where anyone can add content and anyone can edit content that has already
been published”, is a popular tool for educational purposes (Richardson 2006, p. 8).
Studies have demonstrated positive results regarding particular applications of wiki
technology in meeting defined learning goals and objectives (e.g., Notari 2006; Chu
2008; Mak and Coniam 2008; Li et al. 2010; Woo et al. 2010, 2011; Fung et al. 2011;
Law et al. 2011; Pifarre and Kleine Starrman 2011; Tavares et al. 2011;
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Yuetal. 2011; Reynolds 2016a). One of the benefits of bringing wikis into education
seems to lie in the dialogic space wiki provides for participants’ interaction (Pifarre
and Kleine Starrman 2011). Another positive outcome of integrating social media
into classroom teaching is that the technology encourages collaboration, and there-
fore enhances the quality of group work (Chu 2008) and the development of social
skills (Fung et al. 2011). Chapters 3 and 4 of this book specifically examine the use of
wikis as a kind of useful learning management system platform possible for
deployment to maximize teaching and learning opportunities.

1.2.7 Gamification/Games for Learning

Gamification is another sphere of development that has been gaining attention for
its potential to transform the educational technology landscape, given that young
people nowadays are enthusiastic about video games. Gamification is widely
defined as injecting game elements into traditional nongame contexts (Deterding
et al. 2011). While the application of gamification is not confined to the educational
setting, it has been found that when the concept is employed in the classroom,
learners’ motivation, cognitive, emotional, and social engagement can be promoted
(Lee and Hammer 2011).

Educational game design projects have indicated that the creative production
involved in designing artifacts enables learning and participation through the input
of the individual, group collaboration, and the mediation of the artifact itself (Kafai
et al. 2007). Salen et al. (2014) argue that games are systems and the same practices
that are used in understanding Science, Technology, Engineering and Mathematics
(STEM) content may also be useful for designing games. Learner discourse around
designing science games has been shown to support active student engagement with
science content; the nature and depth of the discourse has been found to vary with
different aspects of design (Kafai and Ching 2004). In addition to making thinking
visible in the design process, game design, like other forms of project- and
problem-based learning, creates a “need to know”—an upfront purpose (designing
a game) that drives students’ inquiry and problem resolution (Hmelo-Silver 2004;
Salen et al. 2014).

In this book we consider both gamification—the integration of gameplay ele-
ments into nongame contexts such as inquiry-project-based learning interventions,
including rewards and incentives, point systems and leveling to encourage student
perseverance—and game design, as pedagogical approaches that are conducive to
inquiry-based learning (Reynolds and Harel Caperton 2011; Reynolds and Chiu
2015; Reynolds 2016a, b). We discuss ways in which varying types of motivational
orientation play into the application of gaming principles in inquiry-project-based
learning. Such approaches offer novel perspectives on enhancing inquiry-project-
based learning that are newly emergent in the literature.
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1.3 Organization of the Book

The organization of the book is inspired by the authors’ experience in implementing
twenty-first century skills education. With increasing references to twenty-first
century skills and inquiry learning in education reforms, it is not uncommon that
educators have heard of such skills and felt the need for their students to develop these
skills. However, schools may not be fully prepared for the introduction of inquiry
learning as it is a relatively novel form of pedagogy. In fact, the first author has heard
reports of schools implementing inquiry learning too abruptly by introducing inquiry
projects in each subject, which gave undue stress to both students and teachers as
neither party was ready for the change. Therefore, the book is structured in way such
that readers will understand what twenty-first century skills are and be empowered to
help students develop such skills in a more gradual and systematic way.

For the convenience of researchers and teachers, the book is divided into three
main sections. The first focuses on the theoretical frameworks around the topic
while the later two present research-based evidence and practical teaching guides on
the suggested pedagogy. The conclusion links back to the basic premises we setup
in this introduction, and identifies some ongoing opportunities for research,
development and practice, as well as challenges we anticipate, as digital learning
environments online become ever-more quick and usable, and technology continues
its perpetual march forward in sophistication and ubiquity. Overall we aim for this
book to serve as an inspiring reference and starting point for our education
researcher, and, practitioner colleagues and peers. We hope it encourages greater
resource sharing of research-driven best practices, and challenges educators to think
more deeply about their design of exciting and effective learning experiences for
their students.

Part One (Chap. 2): Twenty-first century skills education on the whole

In this part, twenty-first century skill sets are introduced and discussed with a close
link to the current school curriculum in Asia, Europe, and North America. As there
are different models of twenty-first century skill sets, we attempt to present the
similarities and differences between the models in a bid to capitalize upon their
strengths.

Part Two (Chaps. 3-5): Twenty-first century skills education in Asia, Europe,
and North America

A selected range of teaching strategies are recommended to foster learners’
acquisition of twenty-first century skills. In this part, the supporting theories and
research-based evidence from our projects carried out are detailed such that
researchers and education practitioners are able to gain a deeper understanding of
the basis and effectiveness of these methods. In particular, four forms of inter-
ventions (inquiry learning, collaborative teaching, the use of social media and game
learning) that have been adopted in selected schools in Asia, Europe, and North
America, respectively, to support twenty-first century skills education are examined
and systematically analyzed.
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Part Three (Chaps. 6—8): Implementation in schools

In the last part of the book, we target at providing specific and practical guidelines
to researchers and education practitioners who wish to know more about how the
suggested forms of intervention can be carried out in schools of different cultural
settings. Detailed information on teaching strategies and proposed schedules,
assessment methods, and roles of different teachers are included in the form of
guidelines for readers’ reference.

1.4 A Note About the Book’s Drafting

The production of this book in itself is a living example of computer-supported
cooperative work practices. Unlike traditional approaches to cowriting, the inter-
nationally distributed coauthors of this book have employed a variety of collabo-
rative tools in the entire writing and editing process. In the initial phase, the authors
made use of PBworks, a wiki platform, to draft a preliminary structure for the book
and circulate important documents such as the book proposal and references. Later,
the authors discussed the content of the book, drafted and edited chapters either
simultaneously or individually on Google Docs while sitting in their offices in Hong
Kong, Switzerland and the U.S. Every month, the authors held a video and/or audio
conference via Skype to update the team on the work progress and to discuss the
upcoming direction of and agreement on the action plan for the book. When it came
to the editing stage, the authors moved all the manuscripts to a Dropbox shared
folder for final editing using track changes. This is solid evidence to show how
human life has been influenced by social computing capabilities in a positive and
productive way, a direction one would like to take in education too.
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Chapter 2
Twenty-First Century Skills and Global
Education Roadmaps

The twenty-first century is characterized by its rapid technological advancement.
Our lifestyles and ways of interacting with people have changed significantly as
digital technologies turn ubiquitous in our life. The twenty-first century, being
described by Castells (2010) as a period of intense transformation, is an unprece-
dented era as business operations have become so globalized that core business
competencies place greater emphasis on knowledge, mobility, and collaboration
(Dunning 2000). Such businesses now call for a human workforce with expert
thinking and complex communication skills (Levy and Murnane 2004) as machines
replace human beings in routine and manual work. Today more than ever, educa-
tion plays an integral part in preparing learners to become global and conscious
citizens, and also to be ready for challenges associated with the highly mobilized
and technology-dominated society (Berry 2010; Castells 2005). Scholars in the field
of education have thus advocated the need for modifications to be made to the
education system to support the development of the requisite skills and literacies
(Dunning 2000; UNESCO 2003; Levy and Murnane 2004; Pigozzi 2006; Kozma
2008; Black 2009).

A range of international, national and more localized technology and informa-
tion literacy frameworks have emerged to provide outcome benchmarks for the
needed curricular reforms. In this chapter, we review a number of these frameworks
for the twenty-first century and digital skills that have been adopted in different
education policy environments around the world. We also look at education reforms
in response to twenty-first century skills frameworks put forward by various
organizations. While the thinking behind such frameworks proposed is certainly
forward-looking in terms of learning outcomes, our study shows that the frame-
works do not give a clear indication of how such valuable skills could be attained.
Similarly, policy makers who decide to incorporate twenty-first century skills
education into their curricula need to back up the changes with a well-articulated
execution plan. By mapping out the current landscape of twenty-first century skills
development, we will see these skills have a stronger presence in curricula and that
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there is an even stronger need for a detailed, well-researched approach to guide
educators, school administrators, and policy makers through the intricate process of
implementing twenty-first century skill education.

2.1 Frameworks Developed for Twenty-First Century
Skills

Although the term “twenty-first century skills” might sound modern, some of these
skills are “not new, just newly important” (Silva 2009, p. 631). Vital capabilities
such as critical thinking and problem solving have always been essential. However,
nowadays, because of the emergent demands of knowledge-based economies, these
capabilities have gained increasing importance (Levy and Murnane 2004;
Rotherham and Willingham 2009). Having said that, there are certain skills that are
specific to the information era we are now living in. For instance, OECD (2004) and
Pedré6 (2006) opine that due to the exponential growth of information any content
may become obsolete in a few years’ time; continual updating is the only way to
meet the demands of the twenty-first century. It is expedient that everybody needs
to be prepared for and convinced of the need to be lifelong learners to keep pace
with the evolution of technology (Medel-Afionuevo et al. 2001).

UNESCO’s Delors Report (1996) issued by the International Commission on
Education for the Twenty-First Century analyzed the developmental trends of the
century and concluded that continuing education would go far beyond what it was
in 1996. Acknowledging the salience of continuing education in the twenty-first
century, UNESCO recommended that education be built upon four key pillars:
learning to know, learning to do, learning to live together and learning to be. These
four pillars contribute to the notion of learning throughout life, which was defined
as “taking advantage of all the opportunities offered by society” (p. 38). While this
framework presented by UNESCQO’s Delors Report was the first of its kind that puts
forward the central education functions in the twenty-first century, many other
frameworks have subsequently been established to suggest how education should
be adapted to meet the newly arisen needs induced by fast-paced technological
progress in a knowledge-based economy (Enright 2000). Almost two decades after,
UNESCO revisited the issue, this time investigating how the four pillars of edu-
cation (how termed transversal competencies) (UNESCO 2015) are realized in
schools.

With the aim of strengthening one’s understanding toward twenty-first century
skills, many frameworks have been drawn up under the support of international
organizations, governments and consulting firms. Among the vast range of
frameworks, three of them have been chosen to illustrate the emergence of the main
ideas and notions. The three frameworks have been selected on the basis of their
geographic origins and nature of their funding bodies. It is hoped that these
frameworks would represent the different perspectives one holds toward
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twenty-first century skills understood by both western and eastern societies, as well
as by different education institutions and business corporations.

Before we embark on the discussion of these frameworks, please note that in a
more general way, with reference to the capabilities that are deemed especially
crucial for the twenty-first century, some organizations and scholars have been
using the term ‘competency’ (Ministry of Education-Singapore 2010a; OECD
2005; UNESCO 2012) whereas others are more inclined to be using skill
(Partnership of twenty-first Century Skills [P21] 2009; Voogt and Pareja Roblin
2010). As there is no standardized term coined for the sets of knowledge and skills
induced by the twenty-first century (Ananiadou and Claro 2009), both terms are
used interchangeably in this book.

2.1.1 International Frameworks

Framework based on Organization for Economic Cooperation and
Development [OECD] countries (2009)

Developed by Ananiadou and Claro (2009), the OECD framework was detailed in a
document entitled “rwenty-first Century Skills and competences for New
Millennium learners in OECD countries.” In an attempt to provide clear definitions
and understanding of the skills and competencies related to the twenty-first century,
the authors examined and critically reviewed the effects of Information and
Communication Technology (ICT) on young people, together with the conse-
quential changes in the teaching and assessment systems of some OECD countries
(including Australia, Austria, Belgium, Canada, Finland, Ireland, Korea, Mexico,
Netherlands, New Zealand, Norway, Poland, Portugal, Slovak Republic, Spain, and
Turkey). Ananiadou and Claro also put together a framework based on the com-
petences and skills found in those countries in relation to the role of ICT in edu-
cation. The three major dimensions of the framework include (1) Communication,
(2) Information, and (3) Ethics and Social Impact.

Assessment and Teaching of twenty-first Century Skills [ATCS]
(Griffin et al. 2012)

The Assessment and Teaching of twenty-first Century Skills [ATCS] is an inter-
national research initiative headquartered at the University of Melbourne and
sponsored by Cisco, Intel, and Microsoft (http://www.atc21s.org). The group aimed
at identifying and helping learners acquire the necessary skills needed to be suc-
cessful in the twenty-first century workplace. The research group devoted its effort
to analyzing the roles of standards and assessments in promoting learning, taking
into consideration the use of technology in transforming assessment systems and
education. The ATCS categorized twenty-first century skills into four prime types,
namely (1) Ways of thinking, (2) Ways of working, (3) Tools for working, and
(4) Living in the world.
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Fig. 2.1 Rainbow illustration
of the partnership for
twenty-first century skills
framework (adapted from P21
2009)
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Partnership for twenty-first Century Skills [P21] (2009)

This American organization founded in 2002 (http://www.p21.org), formed by
business leaders, consultants, and educators, conceptualized a framework for
twenty-first century skills. This framework has become well-known in the field of
information technology (IT) in education (P21 2009). It consists of eleven com-
petencies which are classified into three gist elements including (1) learning and
innovation skills, (2) information, media, and technology skills, and (3) life and
career skills. The framework also entails a support system that embodies standards,
assessments, curriculum, instructions, professional development, and learning
environments (see Fig. 2.1).

2.2 Twenty-First Century Skills in Comparison

Using a similar approach adopted by Dede (2009) who took the P21 framework as a
baseline for a comparative analysis of various twenty-first century frameworks
because of its detailed coverage of skill sets and wide adaptation, we attempt to
discern similarities across different frameworks, and put overlapping and identical
ideas together so as to provide readers with a convenient way of understanding the
core ideas in these frameworks.

In Table 2.1, similar ideas from different frameworks are placed in the same row
in accordance with the P21 skill sets. The first common skill set is related to
Learning and Innovation skills, which include communication and thinking ability.


http://www.p21.org
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Table 2.1 A comparison of twenty-first century skills frameworks in accordance with the P21
skill sets

P21 (skill sets) OECD (dimensions) ATCS (categories)
Learning and innovation skills Communication Ways of thinking
Ways of working
Information, media and technology skills Information Tools for working
Life and career skills Ethics and social impact | Living in the world

The second shared set of skills puts emphasis on the importance of mastery of
information technology (IT) skills, which involve both traditional IT skills, such as
keyboarding, web surfing, word processing, and information literacy skills (IL),
comprising some more advanced use of information such as searching for, evalu-
ating and citing information found on the web appropriately and ethically. The third
and last skill mentioned in all the frameworks refers to one’s general ability to live
and work in the rapidly changing world of the twenty-first century. The skill
focuses on the ethical aspect of citizenship, requiring people to take individual,
national as well as global responsibility toward the world. It was found that all of
three reviewed frameworks considered at some length similar sets of skills and
competencies.

2.3 Twenty-First Century SKkills in Detail

To take a closer look at what twenty-first century skills entail, Table 2.2 is an
adapted version of the P21 framework with the three skill sets and twelve com-
ponents laid out. While going through the book, readers may refer to Table 2.2 as
frequently as needed to review the definition of twenty-first century skills we have
employed.

Table 2.2 Capabilities for each set of twenty-first century skills (adapted from P21 2009)

3 skill sets Learning and innovation | Digital literacies Life and career skills
12 components | ¢ Core subjects * Information * Flexibility and
* Critical thinking and literacy adaptability
problem solving * Media literacy * Initiative and
» Communication and * Information and self-direction
collaboration communication * Social and
* Creativity and technology literacy cross-cultural
innovation interaction
* Productivity and
accountability
* Leadership and
responsibility
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2.3.1 Skill Set 1: Learning and Innovation

The Learning and Innovation skill set includes four major components covering
both knowledge and skills related to learning. “Core subjects” point to the core
subject knowledge that is indispensable for all learners in the twenty-first century,
which can be vaguely summarized by three “Rs,” namely Reading, wRiting, and
aRithemetic. The labels of the subjects vary across different continents of the world,
but the knowledge covered by them are similar in essence, encompassing knowl-
edge in languages, aesthetics, science, mathematics, humanities, and civics.

In addition to subject knowledge, certain learning skills are deemed particularly
imperative in the twenty-first century. These include critical thinking and problem
solving skills, communication, and collaboration skills, and creativity and inno-
vation. These soft skills are pivotal for learners to cope with the rapidly changing
society in which human connection around the globe and the amount and avail-
ability of information are maximized by technological advancement.

2.3.2 Skill Set 2: Digital Literacies

Digital literacies are made up of three key components: information literacy (IL),
information and communication technology (ICT) skills, and media literacy (ML).
IL is the ability to effectively and ethically select, evaluate, and use information to
gain, apply, and share their knowledge (American Association of School Librarians
[AASL] 2007). ICT skills, as defined by the International ICT Literacy Panel
(2002), refer to the ability to use digital technology, communication tools, and/or
networks to access, manage, integrate, evaluate and create bodies of information.
The third component, ML, which is interdisciplinary in nature, is associated with
the ability to access, analyze, evaluate, and communicate messages in a variety of
forms (NAMLE 2012).

In the twenty-first century, online information is readily available. Human life
has become more closely connected by the Internet and heavily dependent on
digital technologies. More and more classroom activities are now computer-based
and capitalize upon the convenience brought about by the World Wide Web. It has
therefore become vital for learners to acquire knowledge and skills to harness the
power of digital technologies in widening their opportunities for learning, com-
munication, collaboration and knowledge creation (Trilling and Fadel 2009).

In particular, when learners are provided with inquiry learning opportunities, it is
important for them to have the IL proficiency needed to gather the information they
require for further research actions, which in turn contributes to their successful
mastery and construction of knowledge (Todd 2008). Moreover, ICT skills enable
learners to utilize technological tools in their learning process. For example, stu-
dents (especially younger ones) may need skills in using MS Excel and PowerPoint
to present their project outcomes. Equally salient is ML, which allows learners to
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Table 2.3 Operational definition of the components of digital literacies

Component

Definition

Example

Information literacy
D)

Ability to recognize when
information is needed, and
ability to locate, evaluate and
use the information effectively
and ethically

Searching for information via the
Internet or other sources (e.g.,
books, newspapers, television,
YouTube)

Information and
communication
technology
(ICT) skills

Ability to use digital
technology, communication
tools and/or networks, to access,
manage, integrate, evaluate and
create information

Using MS Excel to produce
charts or histograms from a set
of data

Media literacy (ML)

Ability to decode, evaluate,
analyze, and produce print and

Recording and editing a
music file

electronic media

acquire and share information in different media forms (e.g., videos, music, pod-
casts). The definitions of these components of digital literacies, along with exam-
ples, are put together in Table 2.3.

2.3.3 Skill Set 3: Life and Career Skills

Life and career skills help learners cope with complex life and work environments
in a knowledge-based and globalized economy. On top of content knowledge and
thinking skills, learners are also expected to develop adequate soft skills that equip
them with the readiness to adapt to more challenging working environments,
manage heavy workload, meet stringent deadlines, as well as interact and work with
their counterparts in achieving a mutually agreed goal.

2.4 A Formula of Twenty-First Century Learning

To make the core components of the P21 framework easier to retrieve, Trilling and
Fadel (2009) have rearranged and condensed them into seven skills, all beginning
with the letter “C” representing Critical Thinking and Problem-solving, Creativity
and Innovation, Collaboration, Teamwork and Leadership, Cross-cultural
Understanding, Communication and Media Fluency, Computing and ICT
Fluency, Career and Learning Self-reliance, and three “R” skills referring to
Reading, wRiting and aRithmetic. They have thus summed up twenty-first century
learning in the following handy formula:
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3Rs x 7Cs = Twenty-First Century Learning

Reading Critical Thinking and Problem-solving
wRiting Creativity and Innovation
aRithmetic Collaboration, Teamwork, and Leadership

Cross-cultural Understanding
Communication and Media Fluency
Computing and ICT Fluency
Career and Learning Self-reliance

Now that we have a common ground on what twenty-first century skills embody,
we will examine the education roadmaps of various parts of the world in the next
chapter, trying to align the education policies and reforms with the mentioned
demands of the twenty-first century. Education systems around the world have been
undergoing substantial reforms to ensure the younger generations receive training
that enables them to meet the challenges brought about by technological
advancements and changes in the global economic structure, and therefore play a
more central part in sustaining the development of their society. In the following
sections, the education roadmaps in Hong Kong, Switzerland, the U.S., and some
other regions are presented to unveil some of the research-supported best practices
from different education systems and to highlight lessons we can learn from current
education policies worldwide.

2.5 Twenty-First Century Skills and the Education
Roadmap in Hong Kong, Switzerland, and the U.S.

Table 2.4 captures the goals of the mentioned education frameworks in Hong
Kong, Switzerland, and the U.S., using the P21 framework as a reference point in
outlining their differences and similarities. These three places have taken different
approaches to twenty-first century skills education. In the subsections that follow,
we will discuss the education system of each country/region in greater detail.

2.5.1 Hong Kong

Among all the renowned education systems in Asia, we have chosen to zoom into
Hong Kong for a close investigation partly due to its multicultural environment and
availability of state-of-the-art technology, and also because the authors of this book
have conducted extensive research in the area in relation to the key concepts
explored in the chapter. Owing to its century-long colonial history, Hong Kong is
one of the most international cities in Asia that combines Western and Eastern
cultures in the most harmonious way. As “Asia’s World City,” the education system
of Hong Kong attracts local, Mainland Chinese and overseas students with its
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Table 2.4 A summary of the comparison of education roadmaps and P21 standards
P21 Components Hong Kong | Switzerland | The United States
twenty-first EDB seven |EDK ISTE AASL Common
century skill learning commission | standards | standards | Core State
sets goals report Standards
Core subjects | English, reading | v/ v v
and or language arts
twenty-first World v v v
century languages
themes Arts v v v
Mathematics v v v
Economics v v
Science v v v
Geography v v v
History v v v
Government and | v/ v v
civics
Learning and | Creativity and v v v
innovation innovation
skills Critical thinking | v v v v
and problem
solving
Communication | v v v v v
and
collaboration
Information, IT literacy v v v v v
media and Information v v v v
terihnology literacy
skills Media literacy v v v v
Life and Flexibility and v v v v v
career skills adaptability
Initiative and v v v v
self-direction
Leadership and | v v v
responsibility
Social and v v v
cross-cultural
skills
Productivity and v v v
accountability

world-class institutions, internationally recognized curricula, expertise and quality
assurance mechanisms, and rigorous intellectual property protection regime
(Education Bureau [EDB] 2011b).

It is stated that the aim of education in Hong Kong is “to promote students’
whole-person development and life-long learning capabilities” (EDB 201 1a), which
essentially aligns with the competencies denoted by twenty-first century skills (P21
2009; Voogt and Pareja Roblin 2010). Tracing back to the beginning of the
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twenty-first century, the EDB (2011b) made recommendations to the Hong Kong
Government for reforms to be staged in the curricula, assessment mechanisms, and
admission systems at different stages of education. These proposed reforms
emerged from the foreseeable needs in the changing world of the twenty-first
century, with the objective of empowering the younger generation of Hong Kong
with “a broad based knowledge, high adaptability, independent thinking and the
ability for life-long learning” (EDB 2006, p. 3). Inquiry-based learning was, for the
first time, officially introduced in the city’s education policies in 2008 (EDB 2008).

Four areas in education have been identified by the Education Commission to be
essential skills that students should be able to develop and strengthen during their
education, namely moral and civic education, reading to learn, project learning, and
information technology for interactive learning. Seven learning goals, which are
complementary to these four aspects, have been recognized as ‘the overall aim of
the curriculum’ (EDB 2008) to facilitate the holistic development of students in
primary and secondary education. The goals have been set on the basis of a
comprehensive approach that focuses on whole-person development and include
not only learning skills but personal interest and value enhancement as well. EDB
goals may appear on the surface to be distinct from twenty-first century skills.
However, the expectations of each learning goal are largely coherent with the
capabilities associated with the twenty-first century skill sets.

2.5.2 Switzerland

In Switzerland, educational sovereignty resides with the cantons (member states),
not with the federal government, so the educational landscape in Switzerland is
characterized by the sovereignty of the 26 Cantons and the 4 national languages.
Each Canton has its own school curriculum. Back in 2003, a project called harmoS
(Harmonisierung der obligatorischen Schule: “harmonization of compulsory
school”) was launched by the Conference of the Cantonal Directors of Education
(EDK). The goal of the project was to establish educational standards and one
national curriculum for K12 in Switzerland. The national curriculum is called
“Lehrplan 21.” At the present moment 15 cantons' are willing to harmonize their
curriculum. “Lehrplan 21” integrates the national educational objectives (educa-
tional standards), thus ensuring compatibility among the cantonal educational
systems and responding to the mobility of families within the country, which is
becoming an increasing reality (Amsler 2013).

One prominent benefit of the new curriculum is its skills (competence) orien-
tation. “Lehrplan 21” describes the competencies to be attained by the end of
compulsory education at the age of 16. The structure is conceptualized in three

A canton is a member state of the federal state of Switzerland. There are a total of 26 Cantons of
Switzerland.
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cycles, and for each cycle a minimal standard is defined. The rigorous formulation
of competencies clearly indicates that the curricular requirements are not likely to
be met simply by “covering” the syllabus in a particular subject; students should be
competent in the subject matters. Being competent means having the necessary
knowledge and being able to apply this knowledge in a particular situation (Amsler
2013). “ICT and Media” has its own place in the curriculum and is integrated into
individual subject syllabuses. In “Lehrplan 21,” the purpose of “ICT and Media” is
to be sure that learners can participate in the media society of today and tomorrow
as self-determined, creative, and mature individuals, as well as behave in an
appropriate and socially responsible manner. In this area, however, various issues
beyond the actual curriculum still need to be resolved, such as framework condi-
tions, jurisdiction, and (basic and further) teacher training (Amsler 2013).

Another initiative led by the Swiss Academy of Engineering Sciences targets
new technologies and educational trendspotting (SATW) (Jobin and Morel 2012).
SATW s recognized as the principal organization for the communication of
independent, objective, and comprehensive information about technology—as a
basis for the forming of well-founded opinions—and as an effective institution for
the promotion of engineering sciences and new technologies in Switzerland.

Based on the key competences for lifelong learning proposed by the
Recommendation 2006/992/EC of European Parliament (Europa 2006), SATW
proposed a matrix of transversal competencies such as collaboration, communica-
tion, learning strategies, creative thinking, and self-reflexive methods to be applied
in general education consisting of the media and ICT, health, learning in projects,
democracy, society and environment, and a specific subject-based education in the
following school subjects: Languages, mathematics and science, social sciences,
arts, and sports.

2.5.3 The U.S.

The U.S. Bureau of Labor Statistics forecasts that the number of jobs in profes-
sional computing and information sciences is expected to grow at more than twice
the rate of that of all positions in engineering, life sciences, natural sciences, and
physical sciences by 2018 (Lacey and Wright 2009). More broadly, technology has
become commonplace in U.S. workplaces and the professional sphere. Survey data
from Pew Research in late 2013 shows that among a randomized sample of U.S.
jobholders, 94 % use the Internet at work, representing all kinds of enterprises from
technology companies to non-technology firms, from big corporations to small
proprietor operations, and from those in urban areas, farms, and places in between
(Purcell and Rainie 2014). Furthermore, many jobs require specialized uses of
computing software, productivity tools and web services, and more and more
computers are deployed to control and operate technical equipment, tools and
machinery. Government officials, policy makers, education leaders, and scholars
alike agree that in the midst of this global transition to a knowledge-driven
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economy, there is a need for young people to be more adequately prepared during
their public schooling for the use of technology. The authors of this book all share
the same view. Education must extend students’ learning in schools beyond reading
to include inquiry, discovery, critical thinking, productivity, and innovative creation
with technology, to support students’ information-to-knowledge journey, and their
personal, social and cultural growth as well as livelihood (AASL 2007;
International Society for Technology in Education [ISTE] 2007; National Education
Technology Plan [NETP] 2010).

Like many other nations, the education system of the U.S. is in many ways
driven by testing requirements. Under the “No Child Left Behind” (NCLB) Act in
the U.S., public education is universally available, with control and funding coming
from the state, local, and federal government. Public school curricula, funding,
teaching, employment, and other policies are set through locally elected school
boards, who have jurisdiction over individual school districts. State governments
set educational standards and mandate standardized tests for public school systems.
NCLB places an emphasis on test-based assessment and school/teacher account-
ability within the traditional U.S. core curricular domains of math, science,
English/language arts, and social studies. These testing imperatives underscore
school improvement efforts, and increasingly, curriculum and day-to-day classroom
pedagogy. As of late Fall 2015, NCLB was replaced by the Every Student Succeeds
Act (ESSA), a new law the U.S. president Barack Obama is expected to sign into
legislation. This Act shifts the fight for the survival of public education and the
teaching profession to the U.S. states. States will now have wide discretion in goals
and objectives, accountability, performance measurement, and handling interven-
tion in low-performing schools. Tests will play a central role, but states will be
charged with identifying other factors prioritized for learning, tailored to the
localized population.

The Common Core State Standards initiative has invigorated the national dis-
cussion around curriculum reforms, and 47 states and the District of Columbia have
signed on. These new national level standards include anchors for digital and
information skills. To go further, the National Education Technology Plan of 2010
offers a siren call for advances in student-centered, personalized learning experi-
ences leveraging technology affordances for teaching, learning, and administration.
The Plan also calls for greater research, development, and commercialization of
effective innovations to maximize learning experiences for youth (in the traditional
subject domains, and, in domains not currently prioritized by the traditional canon,
such as computer science/computational thinking). The Plan is worthy of investi-
gation as it offers a roadmap for quite sweeping reforms, and was drafted by a
number of innovators in education research, including several whose work is sit-
uated in the more newly emergent research discipline of the “learning sciences.”

There are several notable standards frameworks that address twenty-first century
skills in the U.S. The Common Core State Standards (CCSS) framework reflects the
national level core curriculum in the U.S. in the subject domains of English



2.5 Twenty-First Century Skills and the Education Roadmap ... 29

Language Arts/Literacy (ELAL) and mathematics. The CCSS standards attach
considerable importance to the application of higher order thinking skills integrated
with a range of technology tools for the development of rigorous knowledge and its
application to solving world problems (CCSS 2010). Its Reading, Writing, and
Research standards require that students comprehend, evaluate, and present
increasingly complex information, ideas, and evidence through reading, listening,
and speaking as well as through engagement with information technology and
media in all its forms (CCSS 2010). Two other associations, the International
Society for Technology in Education (ISTE) and American Association of School
Librarians (AASL), issued standards in 2007 for digital and information literacies,
which include outcomes specifically related to creative technology uses and dis-
positions for productivity with technology tools (ISTE 2007; AASL 2007).

2.6 The Need for an Inquiry-Based Pedagogical Approach

In the beginning of the chapter, a comparison of various twenty-first skills
frameworks indicated that they vary across international contexts but, on the whole,
present commonalities that can be cross-referenced. We then highlighted a
prominent model for twenty-first century skills developed in the U.S. (namely, P21
etc.) and used this framework as an anchor to juxtapose skill dimensions that have
been developed and disseminated as learning goals in other international contexts.
In 2.4, we discussed educational reforms in Hong Kong, Switzerland, and the U.S.
Reforms in all three places make reference to twenty-first century skills, although
under different models or frameworks. It would thus be appropriate to say that
policy makers generally recognize the importance of such skills in one’s learning
process and in the workplace.

One limitation of the twenty-first century skills models is that while they specify
prioritized learning objectives, they do not offer educators the “means” by which to
achieve those articulated “ends.” School leaders, teachers, and decision-makers
need to better understand “what works.” UNESCO is undertaking regional projects
to assess transversal skills (UNESCO 2015). This shows the relevancy of sup-
porting schools. Education research and scholarly publications in each of the
countries and regions discussed as well as internationally support these efforts, but
often lack coordination and dissemination of findings from one region to the next,
across disciplines, hinders progress. This book aims to synthesize some of the
literature on technology-based inquiry pedagogical approaches, with a pragmatic
focus on implementation studies. Students acquire twenty-first century skills
throughout the inquiry process, guided by teachers along the way (Kuhlthau et al.
2007, 2015). In Chaps. 3-5, we present empirical results from several implemen-
tation studies, and showcase the best practices for twenty-first century skills edu-
cation that emerge, examining the results and limitations of each case.
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Part 11

Twenty-First Century Skills Education:
Plagiarism-Free Inquiry PjBL in Asia,
Europe and North America



Chapter 3

Twenty-First Century Skills Education
in Hong Kong and Shenzhen, China:
Inquiry Project-Based and Collaborative
Teaching/Learning Supported by Wiki

Part One of this book gave us an overview of twenty-first century skills education.
We introduced various models of twenty-first century skills, in particular the P21
(2009) framework that comprises three skill sets in the aspects of learning and
innovation, digital literacies, and life and career skills—the appropriate skills that
students in the present day should acquire through education. We established that
such skills are essential given the challenges brought about by technological
advances and changes in the global economic structure, and that education reforms
are underway in countries around the world to meet these challenges. We therefore
devote Part Two (Chaps. 3-5) to case studies of applying technology-based ped-
agogies to equip students with skills for the modern world. Our first stop in Asia
sees the application of Wiki-supported and collaboratively taught inquiry project-
based learning in Hong Kong and Shenzhen, China. In Chap. 4 we visit Europe,
where Science Education in Switzerland is conducted through project-based
learning using Wiki. In Chap. 5 we travel across the Atlantic Ocean to North
America, in which inquiry-based game design learning approach is adopted. With
these case studies across the three continents, we hope to present research-
supported evidence that technology-based pedagogies indeed foster the develop-
ment of twenty-first century skills better than traditional didactic approaches to
teaching.

In the twenty-first century, critical thinking and self-directed learning are valued
as much as the acquisition of knowledge in one’s learning experience. With regard
to the first two learning goals, traditional didactic approaches to teaching and
learning is often criticized for being a stifle to learners’ development of deep
thinking as well as their ability to apply knowledge and reasoning skills. At the
same time, the constructivist approach is generally advocated by educators to be
more powerful in facilitating learning (Kuhlthau et al. 2007, 2015; Zmuda and
Harada 2008). With the pro-constructivist approach is the increasing adoption of
inquiry group project-based learning (PjBL) and the use of social media in class-
rooms, in which students are required to take substantial responsibility in their own
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inquiry learning process (Harada and Yoshina 2004a, b; Chu et al. 2007; Kuhlthau
et al. 2007, 2015; Harada et al. 2008). In this chapter we will discuss the process of
conducting inquiry group PjBL and discuss the merits of this approach as a col-
laborative teaching and learning approach for twenty-first century skills education.
This chapter will begin with a review of approaches to twenty-first century skills
education proposed and piloted by researchers worldwide. We will then present,
based on the experience of the authors, four case studies of collaborative teaching
and learning with inquiry group PjBL in Hong Kong and Shenzhen.

3.1 Collaborative Approaches to Conducting Inquiry
Group Project-Based Learning

Inquiry-based learning takes various forms in terms of its administration, setup, and
learning outcomes. Inquiry-based learning (IBL) is a learner-centered approach that
uses questioning to actively engage students in their own learning (Harada and
Yoshina 2004a; Chu et al. 2007; Kuhlthau et al. 2007, 2015). Related studies have
shown that IBL, compared to traditional didactic teaching, is more effective in
promoting students’ ability to apply knowledge, deep thinking, and reasoning skills
(Harada and Yoshina 2004b; Kuhlthau et al. 2007, 2015). IBL can be successfully
conducted in schools with the help of group projects (Chu 2009; Chu et al. 2011a).
With the project-based learning (PjBL) approach, students carry out in-depth
exploration of issues, themes, or problems in-depth without pre-defined answers
(Harada et al. 2008). This opens up opportunities for them to engage in
thought-provoking and realistic learning processes (David 2008). With these
advantages of IBL and PjBL over traditional didactic teaching (Hmelo-Silver et al.
2007; Gallagher and Gallagher 2013), integrating IBL and PjBL in student group
work has been tried out with equally positive results (Krajcik et al. 1998; Chu 20009;
Chu et al. 2011a, b, 2012a; Du et al. in press). As the discussion continues, we refer
to such an approach as inquiry group PjBL.

Education institutions require the collaborative effort of all stakeholders on top
of the expertise and dedication of individual teaching staff so as to maximize
teaching and learning outcomes and effectiveness. Lesson co-preparation and col-
laborative teaching are not a rare sight in today’s school operation, though chal-
lenges at various levels of teacher collaboration do exist (Vangrieken et al. 2015).
A collaborative school culture has been acknowledged to powerfully improve
students’ understanding and achievements in reading ability, language, and STEM
(science, technology, engineering, and mathematics) subjects (Harada and Yoshina
2004a, 2010; Goddard et al. 2007; Kuhlthau et al. 2007, 2015; Lomos et al. 2011).
In the following section, international initiatives in three different forms of col-
laborative teaching are introduced: (1) team-teaching amongst school teachers,
(2) school teachers—school librarian collaboration, and (3) collaboration among
school administrators, school teachers, and parents.
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3.1.1 Team-Teaching Amongst School Teachers

Team-teaching has been widely adopted in language and humanities education in
many countries. In the U.S., the enrollment of large numbers of English Language
Learners (ELL) in K-12 schools has called for a high degree of collaborative input
between subject teachers and English as a Second Language Teachers (ESLT) to
help the students integrate themselves into mainstream schooling (Pawan and
Ortloff 2011). Team-teaching among teachers with different nationalities and cul-
tural backgrounds has been popular for language learning from primary to tertiary
levels. In Germany, a team-taught, project-based learning program involved both
Native English Teachers (NET) and Local English Teachers (LET) in giving
instructions in German and English simultaneously (Pardy 2004). Participating
students enjoyed the lessons, and were able to switch between two languages
smoothly. Teachers who took part in the study reflected that lesson effectiveness
improved with equal participation from both NETs and LETs from the initial
planning phase. Similarly in Hong Kong, it is common practice for primary and
secondary school students who are team-taught by NET and LET. NETs serve to
boost students’ motivation to practice oral English, and LETs focus on the Hong
Kong school syllabus and examination requirements (Carless 2006; Carless and
Walker 2006; Sung 2014). Cases of team-taught language programs were also
documented in Taiwan primary schools (Luo 2007, 2014; Islam 2011) but with
varying degrees of success—Taiwan students agreed on the value of team-teaching
for language learning but they reported that it was less effective in helping them
overcome their fear of using English to communicate.

Collaborative teaching has been detailed in the domain of Arts education as well,
often as an interdisciplinary project including one art form with another. An
example of connecting multiple art subjects is found in Singaporean secondary
schools, where a module of instruction was implemented combining different art
forms namely, dance, music, drama, and visual arts (Bautista et al. 2015). The
project aimed to guide students in discovering intersections among different art
forms and to encourage them to create and try new forms of artistic expression.
Three participating teachers connected and discussed with students the various art
forms under the organizing theme of “space.” The collaboration enabled students to
appreciate and deconstruct artistic productions in each art form, and understand the
convergence and divergence among them. They were also able to develop a broader
perspective, analysis, and expression of art.

3.1.2 Collaboration Between Subject Teacher and School
Librarian

The growing involvement of librarians in collaborative teaching across different
educational settings, characterized by partnerships between librarians and subject
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teachers, has been described by a number of researchers (Konzal 2001; Mokhtar
and Majid 2006; Montiel-Overall 2008). Librarians have now taken a more
prominent role in promoting Information literacy (IL) within the context of the
regular curricula, and in leading technology integration to ensure that students are
equipped with the necessary skills to utilize digital resources in learning (Johnston
2012). Professional guidelines for librarians have evolved such that collaborative
work with teachers could be more conducive to the development of students’ IL
proficiency (AASL 2007). While teacher—librarian collaboration has been noted in
tertiary education (Mackey and Jacobson 2005), few studies specifically investi-
gated the practice of teacher—librarian collaboration in elementary schools.
Section 3.2 of the chapter will outline studies conducted by the first author of the
book which examined the impact of teacher—librarian collaborative teaching in
promoting twenty-first century skills for primary students in Hong Kong.

3.1.3 School Administration—-Subject Teachers—Parents
Collaboration

A collaborative teaching team for inquiry group PjBL may be made up of school
administrators and parents as collaborators. In promoting inquiry learning,
researchers and teachers with the expertise can provide input and motivation for
teachers and students less familiar with PjBL. The school principal and curriculum
leader(s) can offer administrative support to enhance overall effectiveness when
carrying out the new teaching initiative (Chen 2008). Parents’ involvement has also
been found to positively influence academic as well as personal development
learning outcomes (Lee and Bowen 2006; Seginer and Vermulst 2002), hence their
role is valuable for students participating in inquiry learning. A study in Hong Kong
demonstrated how teachers from different subject areas (General Studies (GS),
Chinese Language, Information Technology) and the school librarian collaborated
when conducting inquiry group PjBL among primary four students aged 9—10. The
parents’ duty was to facilitate their children’s completion of the project, but they
were urged to provide assistance only when needed. Project findings showed that
students’ ability to learn independently was strengthen with some parental inter-
vention (Chu 2009; Chu et al. 2011a).

It is important that the school maintains close contact with parents. Home—school
communication on elementary students’ progress and behavior at school has been
traditionally mediated via student handbooks, phone calls and face-to-face meetings.
This is often found to be time-consuming and lack efficiency. An integrated online
platform named the E-Home book system (EHS) which was introduced in Taiwan to
facilitate communication among parents, students, and teachers (Chen et al. 2007),
with functions that allowed teachers to share teaching materials and post updates,
and provided space for discussion among parents, students, and teachers. Similarly
in Thailand, social media technology is used to foster teacher—parent collaboration
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(Liou 2011). School teachers managed and moderated a class website created on
Google Sites, where teachers, parents, and students can view and leave comments.
The contents contained students’ in-class progress updates, information on text-
books, class policy, syllabus, homework, assessment results, and messages from
teachers to parents.

3.2 Using Social Media Technology to Facilitate
Collaborative Writing

In recent years, social media has been regarded as a new means of establishing
online communication. Social media has speedily burgeoned during the last decade
(Leadbeater 2009) and its use has become the norm (Casey 2013). With rapid
technological advancement and the present generation being described as digital
natives in the twenty-first century (Cheese 2008), education has been remodeled to
integrate social media technologies (e.g., blogs, wikis) to facilitate teaching and
learning (Richardson 2006; Chu and Kennedy 2011). In the following sections, we
review a number of studies that explore the application of various forms of social
media technology in nurturing twenty-first century skills among learners at the
primary, secondary, and tertiary levels. Online collaborative tools serve dual pur-
poses: content development as well as space for discussion and co-construction of
knowledge amongst group members working together. Collaborative writing plat-
forms may be sorted broadly into two main categories: ones that do not require
installation, such as Wikibook, Google Sites, PBworks and Google Docs, and
others that need to be installed, such as TWiki and MediaWiki (Liang et al. 2009).

3.2.1 Wiki

Wiki is one of the more popular forms of social media technology and is portrayed
as “a collaborative web space where anyone can add content and anyone can edit
content that has already been published” (Richardson 2006, p. 8). Through the
exchange of ideas or peer comments on wiki, students have been observed to be
able to give constructive feedback on the content and language use of their shared
work (Mak and Coniam 2008). Studies on the application of wiki at different levels
and in domains of education—primary, secondary, and tertiary across different
subject areas including Chinese, English, GS, Geography, Science, Knowledge
Management, and Information Management—have confirmed its positive impact
on students at large (e.g., Tavares and Chu 2012; Woo et al. 2011). Projects
conducted using wiki promoted collaboration, enhancement of work quality
(Chu 2008; Thomas et al. 2009; Wong et al. 2011), and development of social skills
in the course of negotiation (Lee 2010; Fung et al. 2011). Wiki is also effective in
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improving students’ self-efficacy through online discussions, as reported by par-
ticipating students in Avci and Askar (2012).

3.2.2 Google Docs

Google Docs is an online, Microsoft Office-like interface that enables multiple users
to easily edit and share documents. Elementary school students in Taiwan who
participated in a collaborative, journalistic research project on Google Docs
reported that the project significantly enhanced learning outcomes in terms of their
participation, sharing of responsibilities, interaction quality, and task execution
(Shen and Wu 2011). This platform for collaboration is often compared to other
forms of social media or text-editing tools in terms of its usability and effectiveness.
On one hand, students in Hong Kong claimed that they felt more comfortable using
Google Docs than Wikis, as the former has a similar interface to their usual word
editing software Microsoft Word, whereas the latter requires setting up and
knowledge on programming language for construction (Chu and Kennedy 2011).
On the other hand, wiki is more efficient in supporting collaboration (Chu and
Kennedy 2011). Google Docs’ contribution to efficiency might be limited to early
phases of coworking when exchanges of preliminary ideas are involved; advanced
project work were still felt to require face-to-face discussions via conference calls,
internet video meeting, or participants physically working together (Rimor et al.
2010).

In Sects. 3.1 and 3.2, we have discussed approaches and tools used in collab-
orative teaching and learning in different contexts around the world with examples
in team-teaching, teacher—librarian collaboration, school-teacher—parent collabo-
ration as well as the use of social media platforms of wiki and Google Docs. In the
next section, we will present four cases on collaborative teaching and learning
facilitated by social media in primary and secondary schools in Hong Kong and
Mainland China.

3.3 Case Studies on Collaborative Teaching and Learning
of Twenty-First Century Skills

Inquiry group PjBL is seen as a promising pedagogy in the twenty-first century, yet
there are numerous challenges as witnessed from its implementation in schools.
Such difficulties include the lack of time for lesson planning and teaching, lack of
manpower to cope with the extra workload for teachers, the lack of teaching
experience, skills and knowledge, and the lack of motivation in teachers (Edelson
et al. 1999). Without adequate support and training for teachers, conducting inquiry
group PjBL in classrooms may not necessarily be conducive to quality teaching and
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Table 3.1 A brief summary of four case studies
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Cases | Context Assessment Outcomes References
Case 1 | Inquiry group Project grades and | * Collaboratively Chu (2009), Chu
P;BL self-report taught projects et al. (2011b)
collaboratively questionnaire data yielded higher
taught by the were used to quality work
subject teachers of | measure the from students
GS, Chinese learning outcomes. than traditional
language and ICT, | The PIRLS projects taught
and the school standard reading by one teacher
librarian to primary | test was * Questionnaire
4 (P.4) students administered to outcomes
(aged 9-10) in a measure students’ revealed that
school reading attitude students, parents,
(SATR) and and teachers
reading recognized
self-concept improvement in
(SRSC) the relevant
twenty-first
century skills
* Students’ overall
reading
performance in
informative texts
and literary texts
improved
significantly. In
particular,
students with
average and
highly positive
attitudes and
those with high
self-efficacy in
reading displayed
positive changes
Case 2 | A refinement of the | An online survey Students had Chu et al. (2011c¢),

collaborative
teaching approach
used in Case 1
with P.4-5
students (aged 9—
11) from four
schools; use wiki
for collaborative
writing with P.5
students

examining the four
factors of
learning/pedagogy,
motivation, group
interaction, and
technology was
also administered

positive
perceptions (scores
above 3.0 out of 5)
regarding the
effects of using
wiki as a
collaborative
learning tool for
English writing, on
all the four aspects
of learning

Tavares and Chu
(2012)

(continued)
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Table 3.1 (continued)

Cases | Context Assessment Outcomes References
Case 3 | Using Wiki to Student perceptions | Students’ writing Li et al. (2012)
facilitate group were measured performance
writing in a using a improved after
language course in | questionnaire with | writing using the
Shenzhen, China 21 items on wiki-based
for grade 4 motivation, platform. They
students (average interaction, the also perceived
age 10) teacher’s role, higher personal
audience, and motivation and
technology writing ability, and
enhanced
computer and
collaborative
skills. Benefits in
group interaction
and subject
knowledge were
detected too
Case 4 | Collaborative * The effect of IL « The students Chu et al. (2012a,

learning in inquiry
group PjBL with
wiki to develop IL

skills was
measured using
the Tools for

performed best in
identifying
potential sources;

b, ¢), Yeung et al.
(2012), Siu et al.
(2014), Chu

skills and Real-time their performance | (2016), Yeung
awareness of Assessment of was moderate in | et al. (in press)
plagiarism among Information developing, using

secondary 1 and 2 Literacy Skills and revising

students (aged (TRAILS) search strategies,

12-13 and 13-14)
in a school

A plagiarism
index generated
from the online

evaluating
sources and
information, and

‘Small SEO developing a
Tools’ and a topic
plagiarism * A refined

assessment scale
were also used

strategy—the
UPCC
pedagogy—was
successful in
reducing
plagiarism
behavior

learning. In this section, we introduce case studies that illustrate the use of col-
laborative teaching and social media technology in conjunction with inquiry group
PjBL, and we synthesize the findings of previous research projects carried out in
primary and secondary schools in Hong Kong and Mainland China to underscore
the context, assessment methods, and outcomes of each study. The case studies are
outlined in Table 3.1.
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3.3.1 Case 1: Empirical Evidence for Collaborative
Teaching in Inquiry Group PjBL (Chu 2009)

In case 1, researchers and school educators devised an inquiry project-based
learning (PjBL) model, in which the school principal, experts in inquiry group
PjBL, GS teachers, the school librarian, Chinese teachers, ICT teachers, and parents
came together to form an ‘extended team’ in guiding students through their inquiry
projects. The study aimed to identify the factors that contributed to effective col-
laboration in the extended team. Another goal of the study was to investigate the
impact of collaborative teaching on promoting children’s attainment, which was
measured by their performance in the eight major dimensions of twenty-first cen-
tury skills: IL, reading ability, writing ability, IT skills, subject knowledge, social
and communication skills, presentation skills, and research skills. Results showed
that the collaborative teaching approach equipped students with the necessary skills
and abilities to conduct inquiry group project work.

A total of 142 Primary 4 students (aged 9—10), 10 subject teachers, and a school
librarian in School A took part in the study. In 2 phases, students completed 2 GS
projects on their topics of interest relevant to the curriculum-based themes. Prior to
the study, GS projects had been implemented under the sole supervision of GS
teachers. In the case study, each participating subject teacher contributed their
expertise to help students in specific areas through different steps, e.g., developing
research questions, searching for and using information sources, analyzing and
interpreting the results, etc. (see Fig. 3.1). GS teachers assumed the role of facili-
tators of learning, allowing students the freedom to develop their project topics, and
played a part in enriching students’ domain-specific knowledge. In the process of
searching for information, students were supported by librarians who taught them
how to use information databases and search engines effectively. This echoes with
the important role of librarians highlighted by Harada and Yoshina (2010) that
librarians can support teachers by guiding students in developing their IL skills,
enabling students to better evaluate, and interpret relevant information. The com-
position of the teaching team is adapted based on the guided inquiry design process
put forward by Kuhlthau et al. (2007), who recommend that optimum collaboration
can be made possible with a flexible three-member team within a school context
consisting of two subject teachers and one librarian who join hands in offering
students guidance in their inquiry learning projects. Some of these steps, and the
contributions of collaborating teachers may overlap, depending on the agreed
schedule for achieving the learning objectives.

A post-intervention questionnaire administered asking for participants’
self-report on perceived effectiveness found that teachers, parents, and students all
gave comparable ratings affirming improvements felt in the eight dimensions of
learning. Students acknowledged improvement in their information literacy, social
and communication skills, and presentation skills among other dimensions of
learning (see Table 3.2). Students also noted various contributions of the
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PR B— Parents Twelve dimensions in students’
improvement
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Fig. 3.1 Inquiry group PjBL collaborative teaching model (reproduced from Chu et al. 2012b)
(This figure shows a refined inquiry group PjBL collaborative teaching model. The following four
dimensions in students’ improvement were not investigated in the studies discussed in Sect. 3.3.1:
cognitive abilities, problem solving skills, self-directed learning skills, and self-confidence.
Student improved in these four dimensions as well)

Table 3.2 Participants’ perceptions of the benefits of the learning dimensions from the inquiry
group PjBL experience (adapted from Chu 2009)

Dimension of learning Teaching staff Parents Students
(n=11) (n=27) (n =142)
Information literacy 4.00 (0.63) 3.74 (0.68) 3.60 (1.12)
Reading ability 3.91 (0.30) 3.26 (0.99) 3.48 (1.07)
Writing ability 3.73 (0.65) 3.18 (1.07) 348 (1.11)
IT skills 3.82 (0.60) 3.37 (1.02) 3.28 (1.21)
Subject knowledge 4.18 (0.75) 3.60 (0.96) 3.88 (1.05)
Social and communication 3.82 (0.75) 3.40 (0.83) 3.72 (1.1)
skills
Presentation skills 4.00 (0.82) n/a 3.40 (1.13)
Research skills 3.50 (1.14) n/a 3.60 (0.52)

Note The respondents rated the influence of inquiry group PjBL on the different dimensions of
learning in a scale of 1-5 where 1 refers to none and 5 a lot (Chu 2009)

collaborating teachers in their completion of the projects, and especially valued the
help of the school librarian, rating the librarian’s helpfulness 4.29 (mean) out of 5.

The GS teachers assessed students’ projects. The project grades of students who
received collaborative teaching intervention in their inquiry group PjBL learning
were juxtaposed with those of the students who completed the task under the
traditional approach where project work was led by only the GS teacher without
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other teachers’ involvement. Findings suggest that students who experienced
inquiry group PjBL were able to progress from simple searching tasks to a more
investigative process of understanding learned facts. The efficacy of such an
approach was also evident in the higher quality of the output of the inquiry group
PjBL project, compared to groups that were exposed to traditional approaches.
Parents observed that their children’s engagement in inquiry group PjBL allowed
the students to “[learn] to communicate with [their] classmates,” while others
reported that the students spontaneously shared more information and experiences
with their parents, which in turn promoted better parent—child communication and
relationships. Other investigations of the inquiry group PjBL approach found
related improvement in students’ IL skills (Chu et al. 2011a), and enhanced reading
abilities and reading interests (Chu et al. 2011b). These noticeable gains from
inquiry group PjBL were relevant to twenty-first century skills. Teachers who
participated in the collaborative process also felt that they had more opportunities to
communicate with their colleagues. A teacher proclaimed that collaboration
resulted in “some positive effects on curriculum development and integration
between subjects as [they] reduced the overlapping topics, which improved
teaching efficiency” (Chu 2009, p. 1677). The teachers also noted other positive
aspects of collaborative teaching including integration of subject areas, which
facilitated their students’ knowledge acquisition and widened the possibilities of
their choice of effective teaching strategies.

Teachers overall attributed the positive project results to the collective effort of
all the participating teachers, who were willing to sacrifice their time and cooperate.
Throughout various stages of project implementation, the teaching staff held
informal discussions. As the students’ group projects were part of the GS cur-
riculum, the GS teacher served as the cornerstone and the point of communication
among team members. GS teachers and Chinese language teachers met frequently
as some weekly Chinese assignments were closely related to the group projects.
The teachers met to monitor students’ progress as students become more and more
familiar with potential project topics. There were also frequent discussions between
GS teachers and librarians, during which they identified what the librarian could
teach students to equip them with the necessary IL skills to carry out their group
projects. Interactions with the IT teacher were less frequent after initial formal
meetings with all stakeholders, as the IT curriculum was revised to align with the
expected learning outcomes of the inquiry PjBL assignments.

The project was not without its limitations—factors that delay the progress or
affect the success of the implementation (Kuhlthau et al. 2007). One of the obstacles
is parents’ concern over the students’ workload. To prevent parents from inter-
vening in the projects, the grades of the two inquiry PjBL projects would not
influence students’ final subject grades. While parents did acknowledge that the
projects effectively improved their children’s 8 dimensions of learning, they wor-
ried that the projects increased their children’s workload. Some parents were of the
view that unless the school reduced the amount of regular homework to offset the
time and effort students needed to spend on the inquiry PjBL projects, they would
rather their children focus on regular assignments that contribute to official final
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grades. Teachers also mentioned extra workload as an inhibiting factor, citing
examples such as paperwork and marking.

The inhibitions discussed above indicate that replacing old teaching practices
with new pedagogy is not always easy. In fact, after the 1-year long pilot project,
the school no longer continued with the use of the collaboratively taught inquiry
PjBL pedagogy. The reason given for the discontinuation was that the teachers did
not have a leader with sufficient expertise (from the university) to guide the teaching
team through the pedagogy implementation. Learning from this experience, three
years later, the researcher conducted a refined version of the study (see Sect. 3.3.2)
in School A and three other schools. This time the study spanned over 2 academic
years to give teachers enough time to get accustomed to the new pedagogy. The
longer duration has proved to be beneficial in terms of sustainability—the school
librarian from School A continued with the pedagogy for several years at least, and
involved more subject teachers in the practice. The new practice has been shown to
have sunk in; an IT teacher has taken collaborative teaching one step further and has
been using Wiki for lesson co-planning with other teachers. Similarly, the librarian
from School B (which only participated in the refined study) stated that they were
keen to pursue the pedagogy after the study ended. The contrast in sustainability
between the pilot study and the refined version reveals that it takes time and
continuous effort to introduce practices and make new ones have a long-term
impact.

3.3.1.1 Improving Reading Ability with Inquiry Group PjBL

In the same investigation discussed in Sect. 3.3.1 above, the impact of teaching
inquiry group PjBL collaboratively on students’ reading ability was looked into
(Chu et al. 2011b). Researchers were interested in finding out whether inquiry
group PjBL could enhance students’ intrinsic motivation and interest in reading,
thereby encouraging them to read more frequently and more effectively. Its impact
on students’ reading ability, attitudes, and self-concept was also examined.

Students were required to carry out a group research project on a GS topic in
Chinese. Before deciding on their project topic, students had to search for infor-
mation and read up on potential topics. In the first phase of the project, Chinese
Language teachers gave students in-class and take-home exercises that aimed at
equipping students with more proficient reading skills. The reading materials came
from a wide range of sources including newspaper articles, textbook sections or
printed materials from the Internet, all on topics related to the students’ group
projects. For each in-class exercise, students read an informational text. Their task
was to underline key sentences in the article, write a short summary, and provide
their own opinions on the topic in 100—150 words. For each take-home assignment,
students were told to search for and read a minimum three texts (e.g., articles,
books) related to the project theme, and then write a research journal entry of 150—
200 words.
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A total of 132 students participated in the study, along with 11 teachers and 25
parents. The Progress in International Reading Literacy Study (PIRLS) standard
reading test was administered before and after the project phase. The test activated
the students’ reading comprehension skills and assessed their reading and under-
standing of informational texts as well as literary text materials. PIRLS also
included a component to evaluate students’ attitude toward reading (SATR) and
their reading self-concept (SRSC). Telephone interviews were also conducted with
students, their parents, and teachers to elicit their views on different aspects of
inquiry group PjBL. PIRLS scores before and after the inquiry group PjBL were
compared using t-tests, with statistical significance set as p < 0.05. Questionnaire
data were presented as descriptive statistics and box plots, while qualitative inter-
view data were analyzed using the software NVivo 8.

Students’ overall informative text and literary text reading performance were
recorded to have improved with statistically significant differences following the
implementation of inquiry group PjBL. Notably, only students with medium and
highly positive attitudes toward reading were found to have made significant
improvement in their reading performance in the post-test, whereas those with less
fa