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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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Foreword 2

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
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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 onemust know enough to knowwhat 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 I
Twenty-First Century Skills

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 “twenty-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
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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

1School 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.
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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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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

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)
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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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Yu et al. 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
Pedró (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-Añonuevo 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 UNESCO’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 “twenty-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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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.

Fig. 2.1 Rainbow illustration
of the partnership for
twenty-first century skills
framework (adapted from P21
2009)
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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 Skills 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 2.1 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

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
• Critical thinking and
problem solving

• Communication and
collaboration

• Creativity and
innovation

• Information
literacy

• Media literacy
• Information and
communication
technology literacy

• Flexibility and
adaptability

• Initiative and
self-direction

• Social and
cross-cultural
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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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:

Table 2.3 Operational definition of the components of digital literacies

Component Definition Example

Information literacy
(IL)

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
electronic media

Recording and editing a
music file
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3Rs � 7Cs = Twenty-First Century Learning

Reading
wRiting
aRithmetic

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

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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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 2011a), 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

Table 2.4 A summary of the comparison of education roadmaps and P21 standards

P21
twenty-first
century skill
sets

Components Hong Kong Switzerland The United States

EDB seven
learning
goals

EDK
commission
report

ISTE
standards

AASL
standards

Common
Core State
Standards

Core subjects
and
twenty-first
century
themes

English, reading
or language arts

✓ ✓ ✓

World
languages

✓ ✓ ✓

Arts ✓ ✓ ✓

Mathematics ✓ ✓ ✓

Economics ✓ ✓

Science ✓ ✓ ✓

Geography ✓ ✓ ✓

History ✓ ✓ ✓

Government and
civics

✓ ✓ ✓

Learning and
innovation
skills

Creativity and
innovation

✓ ✓ ✓

Critical thinking
and problem
solving

✓ ✓ ✓ ✓

Communication
and
collaboration

✓ ✓ ✓ ✓ ✓

Information,
media and
technology
skills

IT literacy ✓ ✓ ✓ ✓ ✓

Information
literacy

✓ ✓ ✓ ✓

Media literacy ✓ ✓ ✓ ✓

Life and
career skills

Flexibility and
adaptability

✓ ✓ ✓ ✓ ✓

Initiative and
self-direction

✓ ✓ ✓ ✓

Leadership and
responsibility

✓ ✓ ✓

Social and
cross-cultural
skills

✓ ✓ ✓

Productivity and
accountability

✓ ✓ ✓
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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 cantons1 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

1A 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 is 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
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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 II
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 2009;
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

Cases Context Assessment Outcomes References

Case 1 Inquiry group
PjBL
collaboratively
taught by the
subject teachers of
GS, Chinese
language and ICT,
and the school
librarian to primary
4 (P.4) students
(aged 9–10) in a
school

Project grades and
self-report
questionnaire data
were used to
measure the
learning outcomes.
The PIRLS
standard reading
test was
administered to
measure students’
reading attitude
(SATR) and
reading
self-concept
(SRSC)

• Collaboratively
taught projects
yielded higher
quality work
from students
than traditional
projects taught
by one teacher

• Questionnaire
outcomes
revealed that
students, parents,
and teachers
recognized
improvement in
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

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

Case 2 A refinement of the
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

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

Students had
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

Chu et al. (2011c),
Tavares and Chu
(2012)

(continued)
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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.

Table 3.1 (continued)

Cases Context Assessment Outcomes References

Case 3 Using Wiki to
facilitate group
writing in a
language course in
Shenzhen, China
for grade 4
students (average
age 10)

Student perceptions
were measured
using a
questionnaire with
21 items on
motivation,
interaction, the
teacher’s role,
audience, and
technology

Students’ writing
performance
improved after
writing using the
wiki-based
platform. They
also perceived
higher personal
motivation and
writing ability, and
enhanced
computer and
collaborative
skills. Benefits in
group interaction
and subject
knowledge were
detected too

Li et al. (2012)

Case 4 Collaborative
learning in inquiry
group PjBL with
wiki to develop IL
skills and
awareness of
plagiarism among
secondary 1 and 2
students (aged
12–13 and 13–14)
in a school

• The effect of IL
skills was
measured using
the Tools for
Real-time
Assessment of
Information
Literacy Skills
(TRAILS)

• A plagiarism
index generated
from the online
‘Small SEO
Tools’ and a
plagiarism
assessment scale
were also used

• The students
performed best in
identifying
potential sources;
their performance
was moderate in
developing, using
and revising
search strategies,
evaluating
sources and
information, and
developing a
topic

• A refined
strategy—the
UPCC
pedagogy—was
successful in
reducing
plagiarism
behavior

Chu et al. (2012a,
b, c), Yeung et al.
(2012), Siu et al.
(2014), Chu
(2016), Yeung
et al. (in press)
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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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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

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
(n = 11)

Parents
(n = 27)

Students
(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) 3.48 (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
skills

3.82 (0.75) 3.40 (0.83) 3.72 (1.1)

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)
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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
favorable attitudes showed no change in their performance. Those who were highly
self-efficacious in reading also had significantly better performance in reading
overall and in their comprehension of literary texts. Results are listed in Table 3.3.
Qualitative findings reflected that students, their parents, and teachers believed that
the project enhanced their comprehension skills. A parent was confident that her
child now “know the key points” of the reading materials, and a teacher remarked
that “students learned how to figure out the main points when reading in Chinese
lessons.” Parents and teachers further noticed improvements in students’ reading
speed, vocabulary, and language usage.

Lau and Chan (2003) suggested that learners with good reading abilities pos-
sessed better-developed cognitive skills in comprehension to expand their knowl-
edge, and that proficient readers had better metacognitive and analytical thinking
skills than poor readers. This study demonstrated that inquiry group PjBL provided
adequate opportunities of practice for learners to identify meaningful relationships
between elements in texts and to experience an inferential process, whereby they

Table 3.3 Comparison of students’ pre-test and post-test reading performance measured by
PIRLS (reproduced from Chu et al. 2011b)

Scores Pre-test Post-test t-test

Mean SD Mean SD Significant p value

Overalla 514.60 120.48 569.64 44.96 0.000*

Literaryb 537.87 47.35 556.73 48.26 0.000*

Informationalc 552.99 93.07 562.28 42.69 0.048*

*p < 0.05
aOverall reading performance, pre-test N = 151, post-test N = 142
bReading for enjoyment, pre-test N = 138, post-test N = 142
cReading to acquire and use information, pre-test N = 138, post-test N = 12
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compared and contrasted information repeatedly from different sources (Owens
et al. 2002) and this was shown to advance their reading abilities. Learners’
increasing ability to identify main points from a passage was an indicator of their
enriched reading comprehension skills, which forms an important part of literacy
competencies as a twenty-first century skill.

3.3.2 Case 2: A Refined Collaborative Teaching Approach
and Using Social Media in Collaborative Teaching
(Chu et al. 2011c; Tavares and Chu 2012)

Case 2 refined the collaborative teaching approach used in case 1. In a 2-year long
project (see Fig. 3.2), students and teachers from four schools were gradually
introduced two new pedagogical practices: the inquiry PjBL pedagogy (similar to
that of case 1) was introduced to P.4 students (aged 9–10) and teachers in the
second semester after researchers had observed the classes learning through tradi-
tional methods in the first semester. In the first semester of the second year of
intervention, students (now promoted to P.5, aged 10–11) made use of wiki to carry
out a GS inquiry group project in Chinese, and also did English co-on paper. In the
second semester, they were introduced to the second new pedagogy—English
collaborative writing using wiki. Google Sites was used as a teaching and learning
platform for the students’ completion of their collaborative English writing projects.
Each PjBL GS project in the Chinese language lasted over a period of 2–3 months.
As for the English writing project, students wrote in groups on paper to experience
collaborating with their peers in the first term. In the second term, a wiki platform
was introduced for them to perform the task collaboratively using online technol-
ogy. The project aimed to heighten their information and media literacy through an
online collaborative learning environment. Through analyzing the use of wiki in the
subjects of GS and the English Language by these primary five students in the four
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Fig. 3.2 An overview of the project in the various stages of the timeframe
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primary schools, it was found that the outcomes of inquiry group PjBL are sup-
ported by (1) a collaborative teaching approach and (2) the use of social media
tools.

Google Sites was used in this study as its interface supports various languages,
which fulfills the language requirement of students’ projects in both Chinese and
English. Google Sites enabled the students to present their project with different
sections separated by hyperlinks. Its multimedia features allowed them to present
their output in the form of texts, tables, pictures, and/or videos. They could upload
different types of materials using the file attachment feature. Moreover, anyone who
had access to their wiki platform, their peers and teachers, could leave comments,
so they could receive timely feedback on their work. In addition to being able to
revise their project at any time, the students could review the earlier versions of
their work. Apart from co-constructing the group project, they could use the plat-
form for communication and negotiation purposes through the system’s com-
menting feature. Teachers could also monitor their work output and provide
pointers when necessary.

To find out about the influences of wiki on the students’ learning experience, an
online survey was administered on 420 of them who participated in the GS group
project. This cohort had experience with inquiry group PjBL in the previous aca-
demic year, using a pedagogical approach similar to that of case 1. The survey
questions were adapted from a scale that examined four factors, learning/pedagogy,
motivation, group interaction, and technology (Hazari et al. 2009), on a 5-point
Likert scale. Forty-two students who took part in the English collaborative writing
project attended focus group interviews to share their experience in the use of wiki
in group writing and to discuss the advantages and challenges associated with using
social media technology. Forty-four teachers from the four participating schools
were interviewed on the use of wiki in both GS and English collaborative writing
projects. The interview responses were analyzed qualitatively and categorized to
form common themes.

All of the measurement scale scores from the questionnaire findings were above
the mid point 3.0, indicating that students had positive perceptions on the effects of
wiki on all the four aspects of their learning. The results echoed earlier study results
that students perceived wiki as a useful instrument for learning (Chu 2008; Chu
et al. 2011c; Tavares and Chu 2012). In the domain of learning/pedagogy, their
high ratings showed that they recognized wiki as an enabling tool for learning to
boost their interests, and supported the use of wiki in other school subjects. In terms
of motivation, they felt that the use of wiki reinforced their enthusiasm in group
projects. While technological constraints could have dampened their interest in
using wiki, they believed that learning to use wiki was worthwhile in terms of time
and energy. Equally encouraging was that teachers exclaimed that students, who
had not been able to complete their work in the past in the traditional pen-and-paper
mode, became more enthusiastic and succeeded in producing higher quality work
when wiki was used. The possibility of employing different media to present their
GS group projects on wiki (e.g., pictures, video clips) also motivated them toward
successful task completion.
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As far as group interaction was concerned, students acknowledged wiki as a
highly convenient communication tool. Many believed that the collaborative
learning process via wiki gave them the environment to reach a consensus, learn
from their peers and acquire knowledge and skills in the process of conducting the
project. With regard to the technological aspect, they found the interface and wiki
features easy to use. They also reported that managing information and materials on
wiki was efficient as internet connection enabled them to work simultaneously with
collaborators “anytime and anywhere” as well as find and share information easily.

Students who took part in English collaborative writing generally thought that
social media technology facilitated peer learning and enhanced their interpersonal
skills. Through wiki, they had ample opportunities to evaluate one another’s work
and reflect on their own, which led to improved quality of their own writing. In an
exchange between two students, one of them stressed, “If we use Google Sites as
the collaborative platform, we get to read the pieces of writing from other classes,
exchange views and comment on our classmates’ work. If we write on paper, we
can only read a few pieces of work.” The other endorsed this view: “Google Sites
allows other people to comment on our work and we can learn more from that.” In
brief, students welcomed having the chance of sharing their work on wiki and
appreciated the timely online help and support they offered one another on the wiki
platform. Citing a specific instance on wiki, a pupil wrote “Your writing is good but
I do not [understand] the meaning of truthful” after reading his classmate’s work
and the writer response was “truthful means honest.” This is solid evidence of
mutual exchange and peer learning. Linguistically more able students made more
detailed suggestions on their classmates’ work by focusing on grammar and
vocabulary while their counterparts contributed through other means, for example,
by raising stimulating questions which led to revisions. Reading the work of their
peers also allowed students to learn from their shared output.

This project had a longer intervention period than its pilot study (case 1), in
which two new approaches were introduced step-by-step. This gave teachers more
time to familiarize themselves with the new pedagogy, and more opportunities of
exploring the new approaches under the guidance of the project team. The time
factor was proven critical—schools were more confident in continuing to adopt
inquiry PjBL as an approach and social media as a learning tool even without the
project team’s support after the study, unlike School A’s reluctance after the study
ended. Teachers perceived wiki to be an effective teaching aid on the whole, despite
its use being challenging to some. With the revision history function in wiki,
information of what was revised, who made the revision, and when the revision was
done could be retrieved (Richardson 2006). This gave it an added advantage. Even
the number of revisions in a document could be monitored. As such, teachers were
able to monitor the contribution and engagement of learners in the group task,
which gave them objective data for assessing student performance (Chu 2008; Woo
et al. 2011; Yu et al. 2011).

Findings from this study form the basis of integrating wiki into primary school
inquiry group PjBL and classroom teaching. The use of social media technologies,
especially wikis, has been shown to have a positive impact on the implementation
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of inquiry group PjBL. Both students and teachers reported educational benefits of
various kinds, and the current findings lend further support to the potential benefits
of introducing wiki in collaborative teaching practices.

3.3.3 Case 3: Collaborative Learning in Mainland China (Li
et al. 2012)

In addition to Hong Kong-based projects, a study was done by Li et al. (2012) in
Shenzhen, China to explore the outcomes of collaborative writing in Chinese
among 59 upper primary Chinese students with an average age of 10 years old,
using a Wiki-based Collaborative Process Writing Pedagogy (WCPWP). In this
study, the researchers investigated the effects of learning with WCPWP, the level of
performance, and the attitudes of the students toward WCPWP. A total of fifty-nine
grade 4 students from a Shenzhen primary school participated in the study. The
researchers and the Chinese language teacher collaborated to set up a wiki platform
using MediaWiki and co-planned lessons. The students were divided by teachers
into groups of four, two of whom possessed a higher Chinese writing ability than
their other team-mates. They worked as a group to compose one wiki page and
produce a piece of composition as a final product. The teacher guided and facili-
tated communication within and between different groups throughout the project
implementation.

Students in each group wrote one joint composition on a single wiki page. The
use of a wiki required social interaction among students and between students and
teachers, leading to the cocreation of knowledge as a result of social interaction, as
articulated by the social constructivist theory (Vygotsky 1987). Students in different
groups could view and comment on each other’ writing, and the teacher could
choose to be involved to provide each group with guidance and help facilitate their
writing. Throughout the process, students read and responded to texts in the written
form. The writing process is believed to describe what students think and do as they
write (Tompkins 2008), which is central to the social view of the process writing
theory (Faigley 1986). For easy identification of each stage in the writing process,
the collaborative writing task was conceptualized as a nonlinear and recurrent cyclic
series of four stages: group prewriting, group drafting, revising, and editing. The
progress of the four stages was monitored by all group members.

Using MediaWiki, students and teachers could work together on writing projects
that demanded a high level of interaction. Patterns of collaboration in the writing
process were captured in the observational data. The data indicated that students
negotiated with their peers for at least 4 min in the prewriting stage by discussing
the writing content and division of labor within the group though, at times,
divergent viewpoints slowed down their progress. Cooperation was evidenced by
students agreeing to allocate different paragraphs to different group members. As
the wiki platform does not allow students to write simultaneously on the same page,
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they took turns to compose their group wiki page. In other words, while a group
member was working on the wiki page, other members wrote in Microsoft Word,
and they updated the wiki page at 10-min intervals one after another. After sub-
mitting their individual contributions, together they revised and edited the piece to
completion.

The two compositions were juxtaposed for a comparison of the difference in
participation behavior and scores. Composition Two had a sum of 113 modifica-
tions, which was much higher than the total number of 58 in Composition One.
10 of the 14 participating groups were found to achieve higher scores in
Composition Two. The mean score improved by 3.79 marks (26 % improvement)
when compared to Composition One, statistically significant at p < 0.05 by
paired-sampled t-test. The Motivation, Group interaction, and Audience subscale
scores were higher than 3 (Neutral = 3) on average, suggesting that WCPWP was
positively received by students. As for learning benefits, the students perceived
WCPWP to be beneficial in boosting their writing motivation, improving their
writing ability, computer skills, and collaboration skills. They conceived WCPWP
to be conducive to increased group interaction, which enriched their knowledge and
enhanced their writing ability. For advantages in the technical domain, they
appreciated being able to write in and after class, acknowledging that MediaWiki
made it easier for peer editing, revision, and commenting.

3.3.4 Case 4: Developing IL Skills in a Secondary School
Using Inquiry Group PjBL

IL is one of the core capabilities alongside media and technology literacy in digital
literacy skills to be cultivated. IL is considered to be necessary for students to be
able to access and evaluate information efficiently and critically, and then use and
manage a wide variety of information in an accurate and ethical manner, in order to
advance academically and in their career in the twenty-first century (P21 2009).
This section discusses the effectiveness of implementing collaborative inquiry
group PjBL with wiki in developing the IL skills of junior secondary students. Over
a period of three years, the researchers studied the impact of using inquiry group
PjBL in Liberal Studies in strengthening the students’ IL skills adapted from the
‘‘Tools for Real-time Assessment of Information Literacy Skills’’ (TRAILS)
measure (TRAILS 2004), and examined which aspects of IL the students performed
well and poorly (Chu et al. 2012a, b, c). With the initial results, the researchers
focused on students’ tendency of plagiarizism, and explored how wiki group pro-
jects could be used to guide students to use information responsibly and ethically
(Yeung et al. 2012; Siu et al. 2014).

One hundred and seventy six secondary 1 (aged 12–13) and 185 secondary 2
(aged 13–14) academically high-achieving students from 10 classes in a public
school in Hong Kong participated in this Liberal Studies inquiry group PjBL
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project using the wiki platform. The students collaborated as project teams in
groups of 5–6. The teacher–researchers taught the students how to construct their
own wiki site on Google Sites. Each group then wrote a project report using the
collaborative writing platform, including information about the background of the
study, the literature review, design and methodology, findings, data analysis and
discussion, conclusion, as well as limitations and suggestions. To assess students’
learning outcomes in IL, the projects were first analyzed by a free online plagiarism
checker and Small SEO Tools (SmallSEOTools.com 2010), followed by a further
manual examination by the researchers.

The study aimed at teasing out which of the five aspects of IL were the most
challenging to the students. The TRAILS (2004) test was administered to measure
IL skills in five domains: Category A—Develop Topic; Category B—Identify
Potential Sources; Category C—Develop, Use and Revise Search Strategies;
Category D—Evaluate Sources and Information, and Category E—Recognize How
to Use Information Responsibly, Ethically, and Legally. The online version of
TRAILS Grade Six level with 15 multiple choice questions was used to measure the
students’ strengths and weaknesses in IL. The benchmark score for TRAILS was
65 % according to the U.S. standards. Both secondary 1 and 2 students performed
well in identifying potential sources (Overall average: secondary 1 = 75.3 %,
secondary 2 = 73.3 %), but poorly in using information responsibly and ethically
(Overall average: secondary 1 = 40.5 %, secondary 2 = 29.5 %). Among the 5
categories, they performed best in Category B, moderately in D, C, and A, and
poorly in Category E.

Students’ time spent on the Wiki platform was believed to have a positive
relationship with their project performance. An assistant principal of the partici-
pating school reported that students who actively used PBworks for their PjBL
learning won the first, second, and fourth grand prizes in a Liberal Studies project
open competition, and was confident that their success could be largely attributed to
PBworks (Chin, personal communication, May 2015). The study thus demonstrated
that inquiry group PjBL with wiki worked well in secondary school to develop
students’ IL skills. However, much more had to be done for the improvement to be
seen in students’ ethical use of information.

In light of the above findings, Yeung et al. (2012) were eager to find a solution to
reduce plagiarism offenses in the 15 inquiry group project teams among the sec-
ondary 1 student (aged 12–13) of the same school. In the first year, the researchers
and teachers deepened the students’ understanding of what plagiarism is and what it
is not, and ways to avoid it. Preliminary assessment revealed that 87 % of the
students plagiarized as shown in their work on wiki. In subsequent years, the
researchers worked more closely with the teachers in developing strategies that
promoted plagiarism-free inquiry learning. These included modifying the assign-
ment specifications to state that the IL homework, use of proper citations and level
of plagiarism counted toward the final grades. Moreover, the students were given
specific comments in the completed IL assignments regarding their ability to use
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information sources and proper citations. After the students’ written work was
submitted for plagiarism check, the researchers provided individual reports for the
teachers to brief the students. Students also received instructions on how to use an
online citation tool called ‘‘Citation Machine,’’ which allowed them to cite properly
and easily (Siu et al. 2014).

In order to check whether students improved in the ethical use of sources, before
and after the intervention, students’ collaborative writings on wiki were submitted
to an online free plagiarism checking tool called ‘‘Small SEO Tools’’ that supports
both English and Chinese texts. Material submitted is automatically compared to
information available on the Google platform (SmallSeoTools.com 2010). The tool
generates an index that indicates the ‘‘uniqueness’’ or originality of the submitted
content, showing the extent to which the texts were written using the students’ own
words. In addition, their work was rated by a plagiarism assessment scale consisting
of four levels to signify the seriousness of plagiarism, from Level 1 ‘‘No plagiarism
has been found’’ to Level 4 ‘‘Copy a block of text of over 40 words without
citation.’’ They were also asked two questions concerning their IL skills in pla-
giarism, which assessed their ability to identify plagiarism behavior, and evaluated
their knowledge of constructing proper citations (Yeung et al. 2012).

Out of the 15 project teams, only two did not commit any form of plagiarism.
One team was found to have plagiarized on a minor level. Nine teams committed
plagiarism classified at the moderate level, owing to insufficient knowledge in the
ways and formats of citation. Students explained that this was their very first
training in citing sources, as such content was included neither in the primary
school curriculum nor in that in secondary school previously. Three groups showed
serious levels of plagiarism, believing that information on the Internet could be used
freely without acknowledgement, further showing the lack of education in the
ethical use of information. However, the pre- and post-test on IL knowledge sug-
gested that the students significantly increased their knowledge on the topic, but
needed more time to assimilate the information and put their knowledge into
practice.

In a subsequent study (Chu 2014; Lee et al. 2016), the instructional design was
refined and named the UPCC pedagogy featuring 4 stages: Understanding plagia-
rism, learning about Paraphrasing and related skills, generating proper Citations
with an online citation tool, and doing originality Check with an online tool in
helping students avoid plagiarism. Following the four steps, the project team
yielded better results in enabling younger students (secondary 1–3; aged 11–13) to
avoid plagiarism behavior and use information ethically and legally. Descriptive
statistics revealed a trend toward improvement in students’ plagiarism over 2 years,
with the percentage of groups that showed no plagiarism behavior increased from
73.4 to 84 %, and groups found with minor and moderate plagiarism decreased
from 17.2 to 8 % to 1.6 to 0 %, respectively (Chu and Hu 2016). The findings
reinforced the message that education on IL, in particular the ethical use of infor-
mation, required continuous effort, and attention in order for students’ awareness of
plagiarism to be heightened.
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3.4 Conclusion

In this chapter we presented four in-depth cases studies on the use of inquiry group
PjBL and its impact on facilitating the development of twenty-first century skills
among primary and secondary level students, both in Hong Kong and in Mainland
China. Our review on the existing literature about approaches and tools used in
collaborative teaching and learning shows that such applications have been widely
adopted around the world with positive results. Our case studies demonstrate that a
combination of collaborative teaching and social media platforms is effective in
developing students’ twenty-first century skills across subjects, different age ranges,
and locations. Case 1 reflected how students developed IL, capacity for self-
directed learning as well as reading ability using wiki. Case 2 illustrated that
students could develop digital literacies with the use of Wiki technology in inquiry
group PjBL projects. Case 3 proved that using Wiki technology motivated students
to participate in projects and improved their digital literacies and writing skills, and
boosted their learning motivation. Case 4 stressed the importance of giving students
appropriate support in IL, especially on the ethical use of sources and information,
while completing their inquiry group PjBL project. Through these case studies, we
have seen that inquiry group PjBL plays a vital role in the learning process to
comprehensively improve students’ twenty-first century skills.

The findings of the case studies lend support to the use of inquiry group PjBL as
a promising teaching and learning approach, not only for core subjects but also for
learning and innovation, digital literacy, and life and career skills for twenty-first
century learners. Constructivist teaching approaches create opportunities for
learners to extend their own knowledge by engaging them in stimulating learning
experiences. They are able to, and more importantly, motivate to actively develop
their own understanding by expanding their existing knowledge through active
reasoning. In line with constructivist principles, inquiry group PjBL could be an
effective strategy employed to equip learners with twenty-first century skills. Such
an approach is expected to be more effective when social media technologies are
utilized and when teachers are sufficiently prepared to take part in collaborative
teaching and guide their students in collaborative learning.
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Chapter 4
Twenty-First Century Skills Education
in Switzerland: An Example
of Project-Based Learning
Using Wiki in Science Education

Chapter 3 has introduced teaching pedagogies and learning strategies that promote
and sustain the development of twenty-first century skills among students in the
fields of the social sciences, humanities, and languages. It has also illustrated
approaches used in collaborative teaching, inquiry-based learning (IBL),
project-based learning (PjBL) as well as the use of social media tools such as wiki
that are potentially conducive to student learning (e.g., Chu 2008; Notari 2006;
Tavares et al. 2011; Woo et al. 2011). These methods and tools not only encourage
exchange of ideas, comments, and constructive feedback (Mak and Coniam 2008)
but also foster collaboration (Notari 2006), improve work quality (Chu 2008) and
cultivate social skills in the course of negotiation (Fung et al. 2011; Notari et al.
2014). When learners are challenged to rethink and restructure their ideas, it helps
to develop their skills and cognitive abilities that go beyond those of the actual
subject matter.

Compared to instruction in the social sciences, humanities, and languages, a
slightly different approach is required to promote twenty-first century skills in
science education. The goal of science education is to develop students’ scientific
literacy, involving the understanding of scientific norms and concepts, and the
ability to reproduce scientific content and express the related matters autonomously
and adequately (Miller 1983). In order to achieve this goal, approaches in addition
to those outlined in Chap. 3 are needed. As such, this chapter first presents an
overview of the various approaches that could be used to scaffold learners’
development of scientific literacy, followed by an introduction to the method-
ological approach ABAHCOCOSUCOL (Notari 2006) which was initiated in
Switzerland to improve science instruction in high schools. Guided by the pro-
gressive inquiry-based model proposed by Hakkarainen and Sintonen (2002) and
Muukkonen et al. (2008), ABAHCOCOSUCOL makes use of a technology-
supported environment to create room for interactivity and participation. Students
produce a wiki out of questions and explanations embedded in a hyperlink struc-
ture, in which they review, restructure, rewrite, and reorganize their collaboratively
produced contents. This structure of production, comparison, and regrouping results
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in a sharing of expertise among learners and promotes knowledge acquisition,
transfer, and consolidation. The combination of the most relevant aspects that
support scientific literacy and their embedment into an interactive learning envi-
ronment facilitates the development of critical thinking skills, active participation,
cognitive abilities, and twenty-first century skills.

4.1 Notable Aspects of Science Education

Many approaches and models have emerged to describe and analyze science edu-
cation and proposed important aspects that might be helpful for its advancement.
Their goal is to conceptualize instructional design and the development of skills and
competences that improve learners’ achievement.

4.1.1 Models of Science Education

The competence model HarmoS (“Harmonisierung der obligatorischen Schule”)
appeared in the course of an educational policy reform in Switzerland to describe
the development of skills and competences that learners are expected to demon-
strate in science subjects (Labudde and Adamina 2008; Ramseier et al. 2011). This
model was designed by a consortium for science education in Switzerland to
determine the goals of science education and to create a corresponding competence
model to validate, revise, and suggest basic standards illustrated by concrete
examples (Ramseier et al. 2011) (Fig. 4.1).

The model is constructed as a three dimensional matrix that spans the instruc-
tional framework of science education. The first dimension, representing skills, lies
on the horizontal axis. The second dimension positioned on the intersecting vertical
axis captures the domains of the concerned subject, and the third dimension on the
vertical axis shows the varying levels of difficulty (Ramseier et al. 2011).

The consortium for science education in Switzerland places the behavioral
aspects on the primary axis, with the vertical axis orienting around the primary axis.
Every behavioral aspect can be measured by four difficulty levels defined on the
vertical axis to be reached at the end of grade 2, 6, and 9, respectively. The
difficulty heightens from “simple exploration by doing” to “exploration by asking
and doing” and from “research oriented explorations” to “organization and real-
ization of research oriented explorations” (Labudde and Adamina 2008).
Consequently, the matrix signifies a broad and complex framework of level
descriptions which was designed according to progression logic. A horizontal
progression would imply that an increasing number of aspects are to be included;
the additional dimension that holds the teaching content on the horizontal axis is
further divided into eight sub-aspects that represent specific subcategories of the
teaching content. On the vertical axis, progression along the axis reveals a higher
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differentiation among the partial aspects and an increased requirement of compe-
tences (Ramseier et al. 2011).

The effort of the consortium to shape and define competences for science edu-
cation is a trend in many different countries all over the world. This raises the
question as to whether these models have to be designed country-specifically or if
they actually share certain underlying competences (Labudde and Adamina 2008).
According to Labudde and Adamina (2008), the models all originate from the
concept of scientific literacy, a term that has been prevalent in the discourse of
science didactics for many years. However, scientific literacy is a term that is “often
used, but seldom defined” (Miller 1983, p. 29). Generally, it can be regarded as a
combination of understanding scientific norms and knowledge of major constructs
in addition to the ability to reproduce scientific content and express the related
matters autonomously and adequately (Miller 1983). Based on the Programme for
International Student Assessment (PISA), a scientific literate person is expected to
possess the following knowledge and abilities (Hammann 2006):

• Understand basic scientific concepts
• Understand science and the application of scientific knowledge
• Possess scientific knowledge and be able to distinguish it from nonscientific

knowledge
• Have the ability and motivation for autonomous life-long learning
• Have the ability to use scientific knowledge to solve problems

Fig. 4.1 The HarmoS competence model (adapted from Labudde and Adamina 2008, p. 354)
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• Possess knowledge to participate in scientifically motivated social discussions
• Understand the Nature of Science (NOS)
• Meet science with appreciation, curiosity, and astonishment
• Possess knowledge about usage and risk of science
• Critically reflect on science and be able to handle scientific expertise.

The points listed above suggest that it is crucial for students to understand and
apply scientific concepts. Therefore, concept learning is a salient aspect of the
instructional design of science education (Labudde et al. 1988). “If students have a
fragmented knowledge base, inadequate retrieval processes and the inability of
distinguishing between concepts and reasoning modes used in science as opposed
to those used in everyday life” (Labudde et al. 1988, p. 81), they can only attain a
superficial understanding of scientific concepts. These problems often arise because
of the form of mediation of a new scientific concept, especially in the area of
Physics and Mathematics, where teachers tend to explain a new concept by intro-
ducing the verbal or mathematical definitions that describe the significant features
of a concept. However, little is conveyed about the actual process that governs
identification or construction of a concept and students have to deduce this pro-
cedural knowledge on their own, which is often complicated by insufficient inter-
pretative abilities. To go further, the mediation of concepts often lacks explicit
references to existing conceptions. Scientific concepts ought to be set in a com-
parative context to enhance cognitive linking between new and preexisting
knowledge and establish integration and accommodation, both required for effec-
tive learning (Labudde et al. 1988; Piaget 1970). These difficulties lend themselves
to the suggestion of instructional principles for more effective teaching of scientific
concepts. Procedural knowledge for interpreting scientific knowledge has to be
taught in combination with the corresponding definition and description of a con-
cept. New knowledge has to be mediated coherently to guarantee memorability and
contextualization within the conceptual framework that already exists with a focus
on facilitating the integration of new content into preexisting frameworks. This
approach of embedding and contrasting acquired knowledge within and with the
prior conceptual framework supports the elimination of inconsistencies and estab-
lishes a coherent knowledge base (Labudde et al. 1988).

A method that presents a promising solution in this respect can be found in
constructivist learning (Widodo and Duit 2004), generally defined as the act of
active construction of new knowledge or skills out of preexisting capabilities of
teachers and students (Labudde 2008). A constructivist learning environment can be
beneficial in many different ways. A study on the general characteristics of such
methods reveals that a learning environment that enhances curiosity and inquiry,
creative and revolutionary thinking, collaborative and autonomous learning and
integration of scientific concepts is the key to constructivist learning (Widodo and
Duit 2004). In line with this, Labudde (2003) points out that a constructivist
learning approach would most often lead to interdisciplinary science instruction, an
approach that supports students’ understanding of scientific concepts, as they are
mediated in a broader context. Interdisciplinary teaching takes the advantage of the
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interrelation of the scientific subjects like Biology, Chemistry, or Physics. By
combining these scientific subjects, the science curriculum can be more compre-
hensive. A model was developed by Labudde et al. (2005) to ensure effective and
successful interdisciplinary teaching in science education while describing and
defining its multidimensional complexity (Fig. 4.2).

Derived from the current body of research on interdisciplinary teaching and
targeted surveys, the model contains seven dimensions that cover several parts of
the approach. Every dimension is further divided into three to four facets, each
representing one branch of a mind-map that spans the whole multidimensional
space of the model. The facets themselves consist of several components that are
distributed over a defined range close to the branch itself, either closely related to a
specific subject or rather interdisciplinary aligned. Special attention should be
directed to the dimension “Transferable Skills” that resembles the twenty-first
century skills outlined. Labudde et al. (2005) emphasize the significance of aspects
like “Information Literacy,” “Ability to cooperate,” “Ability to differentiate and
integrate,” “Tolerance of Ambiguity,” or “Problem-solving skills” and the shift the
focus to skills and competencies beyond the actual subject matter.

In relation to this approach, a theoretical framework (Fig. 4.3) is developed to
safeguard the quality of instruction in Physics education (Fischer et al. 2014). The
model concentrates on four dimensions: Teacher, Instruction, Student, and
Outcomes, and contains a number of variables that have been found to have a
positive impact on students’ achievement in science instruction based on previous
research.

In the above model, teacher-related factors, including teachers’ professional
knowledge, enthusiasm, and their background in terms of teaching experience, and

Fig. 4.2 The multidimensional model of interdisciplinary teaching (adapted from Labudde et al.
2005, p. 105)
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student-related factors, such as their cognitive ability, prior knowledge, inquiry
skills, interest, and motivation and general background, are factors that positively
influence the quality of instruction (Fischer et al. 2014). The dimension “instruc-
tion” is divided into two levels—surface and deep. The surface level contains
directly observable characteristics like the form of classroom interaction. The deep
level focuses on cognitive activation, structure of the content, management of the
classroom, motivational support and learning orientation, practical work, as well as
teacher–student interactions and the teacher’s behavior. The “Outcomes” are pri-
marily concerned with the concept of scientific literacy with respect to the students’
content knowledge and their skills in the area of scientific experiments. In addition,
Fischer et al. (2014) introduced the aspects of motivation and interest as an
instructional outcome. As Fig. 4.3 suggests, teacher-related variables affect
instruction and therefore implicitly impact on the instructional outcomes, whereas
student-related factors have a direct effect on this variable. Even though the model
was originally constructed to investigate instructional differences in Physics
instruction among Germany, Switzerland, and Finland teachers, the instructional
factors illustrated in the model are highly relevant to the learning success of stu-
dents and the constructional principles can be applied to enhance science education
and support scientific literacy in different contexts.

With regard to the intentions of creating this proposed model, IBL and PjBL
offer a promising solution to meet the qualitative requirements of scientific
instruction. Referring to the “Instruction” dimension of the model, inquiry-based
learning presents students as active agents in a constructivist information search
process that covers Initiation, Selection, Exploration, Formulation, Collection,
Presentation, and Assessment (Kuhlthau 2004; Kuhlthau et al. 2007). Kuhlthau
(2010) recommends that in a constructivist guided inquiry-type learning environ-
ment, the instructional team holds an observational perspective to teach and assess
learners and be sensitive to learning needs that emerge. In contrast, a progressive
inquiry model (Hakkarainen and Sintonen 2002; Muukkonen et al. 2008) sees the

Fig. 4.3 Model of quality instruction in physics (adapted from Fischer et al. 2014)
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teacher as the creator of a context for inquiry by introducing a multidisciplinary
approach to a theoretical or real-life phenomenon, after which the learners start
formulating their own questions. The questions and explanations are shared and
evaluated together, which involves utilization of authoritative information sources
and iterative elaboration of subordinate study questions and more advanced theo-
ries, explanations and writings. The progressive inquiry model is not meant to be
adhered to in a rigid manner; rather it offers conceptual tools to describe, under-
stand, and take into account the critical elements in collaborative knowledge-
advancing inquiry (Hakkarainen and Sintonen 2002; Muukkonen et al. 2008). The
approach of project-based learning allows students to explore their own interests,
thus nurturing their individual strengths and enthusiasm in project work
(Blumenfeld et al. 1991; David 2008; Marx et al. 1997; Thomas 2000). This is
found to be effective in stimulating learners to actively engage in information search
and data evaluation (Prince and Felder 2006). The possibility to combine it with a
form of inquiry learning is a promising learning strategy (Chu 2009; Krajcik et al.
1998) to achieve the positive instructional outcomes proposed by the model. This
form of integration, called inquiry PjBL, combines constructivist principles with the
idea of providing support to individuals through working on and extending their
development.

4.1.2 Supporting Science Education with the Use
of Technology

In the area of science education, IBL and PjBL have been shown to support cog-
nitive abilities like critical thinking and reasoning, and the acquisition scientific
knowledge (Olson and Loucks-Horsley 2000). Students are actively engaged in a
learning process shaped by inquiry, which resembles scientific inquiry and
implicitly mediates scientific skills (Anderson 2002). However, for the successful
deployment of a learning environment, it is vital to include the use of various tools
and learning structures that enhance and facilitate students’ adaptation to it.
Hmelo-Silver et al. (2007), for instance, place emphasis on scaffolding with respect
to task structuring and the externalization of disciplinary thinking and strategies.
Edelson (2001) illustrated the advantages of the use of technology in science
education. He introduces a technology-supported inquiry learning approach and
depicted the learning cycle that involves motivation, knowledge construction, and
knowledge refinement. This incremental construction process can be regarded as a
way of translating the inquiry process used by scientists to advance human
understanding into a process that can be adopted by teachers and students to
“strengthen students’ understanding” (Edelson 2001, p. 360).

There are several ways in which technology enhances scientific inquiry learning.
First, experiments and practical work can be done in virtual laboratories. A literature
review of 135 empirical studies in the ERIC (Education Resources Information
Centre) database and PsychInfo shows that visualization of experiments helps
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students overcome conceptual errors by making explicit the links between infor-
mation and facts (Wu and Shah 2004). It was found in Greece that students had better
academic performance and a more positive attitude toward Physics courses that
integrated the use of digital simulation tools in laboratory work (Baltzis and Koukias
2009). A study conducted in Cyprus also revealed that the use of simulations
together with real experimentation strengthened students’ understanding of scientific
concepts, when compared to the approach of using real experimentation alone
(Zacharia 2007). Students carried out experiments, either guided by a teacher
(Donnelly et al. 2013) or in a self-directed manner (Kluge 2014; Liu 2006). In the
study done by Donnelly et al. (2013), Irish secondary school students were given the
freedom to design their own experiments under the teacher’s guidance. Teachers
reported that students were able to carry out the experiments at their own pace, and
were all making an effort to solve the problem at hand by trying out different
approaches. In Kluge’s study (2014), upper secondary students in Norway com-
pleted a Biology group project with the assistance of a digital laboratory. They were
required to design the experiment using the digital platform, discuss the results, and
present them to their peers. Analysis of students’ performance suggested that
engaging them in post-experimental work is instrumental in helping them associate
the results of experiments with the relevant scientific theories.

The aforementioned simulations have often been reported to be applied in class.
Apart from classroom use, students may benefit from technology use outside the
classroom. For example, a collaborative learning environment named “smart
classroom” has been codesigned by scholars and Physics teachers to hone students’
collaborative problem-solving skills in Canada (Tissenbaum et al. 2012). The
collaborative learning environment made use of Web 2.0 technology, enabling
teacher–student and student–student interaction both in and outside the classroom
through a series of in-class exercises, homework, and take-home group tasks.
Before class began, the platform generated aggregate reports on students’ perfor-
mance to support teachers’ lesson planning. During class, student responses to
questions were compiled and shown on a large projected display. This facilitated
teachers’ understanding of student knowledge and allowed them to give specific
feedback. Group take-home assignments done on the platform were also observed
to help develop students’ collaboration skills. The study results indicated that access
to peer work was a great resource and effective in students’ sense-making. Teachers
in the United States were also noted to benefit from the student-generated content,
as they were able to see patterns in student responses in order to engage them in
more in-depth class discussions and to clear misconceptions (Hake 1998).

4.1.3 European Policy Concerning Twenty-First
Century Skills

After introducing different models of science education and ways in which tech-
nology can support science education, this section examines the significance of
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acquiring twenty-first century skills in the European context. The European
e-Competence Framework 3.0, a part of the European Committee for
Standardization, has created a reference of 40 competences as required and applied
it at the Information and Communication Technology (ICT) workplace, using a
common language for competences, skills, and capability levels that can be
understood across Europe (CEN 2013). The framework enables the identification of
skills and competences that may be required to successfully perform duties and
fulfill responsibilities related to ICT in both the private and public sectors.

“Structured in four dimensions, the European e-Competence Framework reflects
different levels of business and human resources (HR) planning requirements,
including job proficiency guidelines” (CEN 2013).

• Dimension 1 embodies five e-competence areas, derived from ICT business
processes: Plan, Build, Run, Enable, and Manage.

• Dimension 2 defines a set of e-competences for each area, with reference to
definitions for 40 different competences in total.

• Dimension 3 sets out proficiency levels (e-1 to e-5) of each e-competence, which
correspond with levels 3–8 in the European Qualification Framework (EQF).

• Dimension 4 provides examples of knowledge and skills that relate to the
specific e-competences defined in dimension 2 (CEN 2013).

Within the 40 e-competencies identified in Dimension 2, several competencies
fit the general understanding of twenty-first century skills, for instance, innovating,
testing, problem management, personnel development, information, and knowledge
management, as well as project and portfolio management.

In the communication from the commission to the council of the European par-
liament, the European economic and social committee and the committee of the
regions, the following policies regarding twenty-first century skillswere formulated to
foster competitiveness and growth in both the public and private sectors (CEN 2013).

– Longer term cooperation: solidifying cooperation between public authorities
and the private sector, academia, unions, and associations through the advocacy
of multistakeholder partnerships and joint initiatives including monitoring
supply and demand, anticipating change, adapting curricula, attracting foreign
students, and highly skilled ICT workers and promoting ICT education on a
long-term basis.

– Human resources investment: ensuring sufficient public and private invest-
ment in human resources and e-skills, and appropriate financial support and
fiscal incentives, in full respect of State aid rules, as well as developing an
e-competence framework and tools facilitating mobility, transparency of qual-
ifications, and promoting recognition and credit transfer between formal and
nonformal and industry ICT education and certifications.

The following section will provide an example of an inquiry-based learning
project using a participative technology named ABAHCOCOSUCOL, an action
and participation method based on collaboration among learners (Notari 2006). This
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project-based learning approach for higher secondary education addresses the skill
sets proposed by the European Community, focusing on problem management,
personnel development, information and knowledge management, and project and
portfolio management.

4.2 An Example of a Project-Based Inquiry Learning
Approach in Switzerland Using Wiki
as a Co-authoring and Collaboration Tool

4.2.1 Implementation Model

The implementation of the scenario follows the ABAHCOCOSUCOL (Action
BAsed, Hypertext—COnstructive, COmputer SUpported, COllaborative Learning)
method of collaboration using wikis (Notari 2006). It was developed in order to
help teachers design an appropriate inquiry-based collaborative learning environ-
ment and scaffold students’ activities during the active learning phases.
ABAHCOCOSUCOL is based on the progressive inquiry model proposed by
Hakkarainen and Sintonen (2002) and Muukkonen et al. (2008). This method-
ological approach is designed for use in formal learning settings with high school
students as the target audience. The method has not been used in environments with
students of an education level lower than grade 8 (Notari 2003).

Scripting for ABAHCOCOSUCOL consists of four phases: (1) Creating content
using a hypertext, (2) Linking concepts, (3) Comparing and peer-commenting, and
(4) Regrouping concepts within the hypertext. The initiation phase leads students
into the problem and gives them an indication for an appropriate first action. In this
phase, there is no big difference between ABAHCOCOSUCOL and ‘‘conven-
tional’’ teaching. Learners receive an introduction to the subject by the teacher and
start creating the hypertext-content either individually or in small groups. It is
crucial that enough content (called ‘critical mass of input’) is created in the first
learning phase. The comparison phase should start immediately after the critical
mass of input has been established. Within the comparison phase, learners are
invited to read the work of their peers and then to find and link similarities within
the created content. The learners can compare immediately and simultaneously the
content created by their peers. Such a comparison of ongoing work within a
learning community is difficult to realize in a traditional (noncomputer supported)
curriculum. Being aware of all other forms of inputs of the community, an indi-
vidual learner can compare the quality of his/her contribution with that of other
contributions, get a formative evaluation of his/her work, and enhance social
competences and metacognitive skills through commenting on others’ tasks. The
feedback and comment culture described above leads to a regrouping of the content.
Students then proceed to the regrouping of the work produced, which aids in the
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construction of mental models of the different concepts and is fruitful for learning.
This sets the stage for the discussion phase. It needs to be stressed that these phases
can be repeated more than once. At the end of the learning unit, a discussion should
give students the opportunity to formulate and discuss different opinions or con-
cepts. The positive feedback cycle of production, comparison, and regrouping can
also be formulated as shown in Fig. 4.4.

The term scripting describes teachers’ activities with students and with the wiki.
Scripting should facilitate students’ publication of what they have produced as soon
as possible, with an “evolution” of the content within the unit as a response to the
comments and questions of the other members of the community. Although further
input can be created during the learning unit, for instance, when new questions
arise, the “critical mass” of input at the beginning is essential to initiate interactions
among students and the creation of a communication culture. The linking of con-
cepts is salient for raising students’ awareness of the common goal and the
cross-linkage of the concepts of the unit covered. The learning community
co-constructs one collaboratively elaborated hypertext where the different pages are
interwoven and linked. Creating links sustains the awareness of the community and
gives a basis for the comments and comparisons produced as further actions of the
students. Finally, the distillation and regrouping of relevant information lends itself
to self-evaluation of the product of the learning community.

The principal settings of ABAHCOCOSUCOL can be used for a wide range of
educational purposes. They are not bound to a specific school subject or to a
learning environment where students and the teacher see one another regularly. The
major advantages of the model include the quick setup when the model is applied
using a wiki, the considerable adaptability and the scalability of the system.
ABAHCOCOSUCOL has been adopted with high school students in different
nonexperimental learning settings and in a blended distance education course about
media methodology with adults. Applications of ABAHCOCOSUCOL have shown
good learning performances concerning the following competences and skills:

Fig. 4.4 ABAHCOCOSUCOl method (reproduced from Notari 2006)
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increase of factual knowledge, long-term knowledge retention and metacognitive
skills, development of problem-solving strategies, ability to construct a hypertext,
link concepts, and distil relevant information to regroup concepts (Notari 2003).

4.3 Case Study: Creating a Collaborative Glossary
in Science Education: “Evolution”

Entrusting learners with the task of creating or cocreating a glossary of the learning
topic helps them better remember core elements and concepts and enhance their
vocabulary, writing skills, and semantic skills (Schneider et al. 2004, p. 28).
Schneider describes six steps for making the glossary:

1. “The teacher and students identify and determine the terms to be defined related
to a theme they do not master.

2. The alphabetical list of terms to be defined is entered in the interactive space
chosen.

3. Students search the web or in dictionaries resources on the theme.
4. Students synthesize their results to create short definitions.
5. The teacher checks if the definitions are right.
6. Students enter their definitions”.

Collaborative glossaries can be compiled using different technological tools.
Moodle (a learning management system) offers a specific module (glossary Module,
see https://docs.moodle.org/26/en/Glossary_module) where learners of the same
course can access the same page and have equal rights to edit and change content of
the page. Notari and Doebeli (2012) chose a Wiki to set up a collaborative glossary
scenario for biology education at high school level. The created collaborative
glossary was used for a learning community of two classes working simultaneously
on the same topic with the same teacher. The collaborative glossary was part of a
learning unit which was an introduction to evolutionary biology. The primary goal
of the evolution unit was for students to get an overview and understand different
abstract concepts. Evolution is part of the Biology curriculum of 11th grade high
school students in Switzerland. Students at that age already have fundamental
knowledge of genetics, taxonomy, and the development of species but the concept
of a scientific theory has never been previously mentioned. The abstract definition
of the theory—the validity of hypotheses—is retained until one of the hypotheses is
proven to be false. It is difficult to separate the term “theory” from belief. As
students have learned the basic concept of the possible origin of living organisms
and the way genetic information is passed on from one generation to the next, they
can imagine how genetic information itself, and through it, life can survive through
time. This way of looking at the possibility of survival of genetic information from
an organism through time could lead to a hypothesis about evolution of organisms.
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4.3.1 Time Schedule, Group Building

The unit spanned across four lessons (180 min) for each class. Before the start of
the unit, about one-and-a-half lessons were spent introducing the tool. The students
had two periods of lesson time to complete learning tasks assigned to them.

4.3.2 Specific Goal

The chief aim of the learning unit was to create a collaborative glossary with the
definitions of the pertinent terms related to evolution, to link all the similar concepts
and to re-group different terms under specific categories.

4.3.3 The Collaborative Glossary

As illustrated in Fig. 4.5, after a short description of the unit, the different goals and
the wiki, the participants were instructed to search for terms concerning evolution.
Then they had to write a comprehensive definition of the term and publish it on the
wiki. A second task was to search through the definitions written by the other
students and find similar terms. These terms then had to be linked to their own
definition. A third task was to group similar definitions, e.g., names of researchers
such as Darwin, Lamarck, Cuvier, etc. After the first contact with the tool, students
began to formulate definitions and create new pages. The project team tried to
correct mistakes in the definitions. They read the texts written by the students, gave
feedback and assisted them with the literature search and research on the Web.
Students were advised to cite all the input and to make references to the literature or
the Website where they found the information and were reminded to keep their
definitions short and concise.

The project team encouraged students to give their own definitions for the terms,
as the goal of creating the dictionary was to construct definitions adapted to their
state of knowledge. Many definitions found on the Web were too complicated and
full of unfamiliar words. At the beginning, students merely copied the definitions
they managed to find. After a while they showed more and more attempts to adapt
the definitions they found or at least to explain all the foreign words and difficult
sentences. After the first two lessons, the project team reinforced the linking of
concepts. Students were presented with the task of searching for similar words and
definitions and trying to link them to other concepts. They were also told to
complete definitions or to add definitions of terms whenever necessary as they read
the texts. The team created opportunities for the students to group similar terms on
the starting page and build new categories of terms, for instance, by putting all the
names of researchers under a category.
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Fig. 4.5 Collaborative glossary ‘‘evolution’’ (reproduced from Notari and Doebeli 2012)
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The mass of collaborative hypertext grew exponentially. At the beginning of the
course, students mainly copied definitions of scientific terms from the Internet
randomly without truly understanding what they had posted. Students were asked to
read other definitions as homework, and to pose questions if they did not under-
stand terms or sentences. At the start of the second lesson, it was announced to the
students that all definitions had to be learned for the final assessment. Given this
input, the contents of the definitions changed dramatically and the amount of
questions of the readers increased and became more precise and pertinent.

Three different formative evaluation elements were implemented within the
curriculum. The wiki allowed students to see the work in progress of all learning
groups. They were advised to periodically read and comment on the contributions
of other members in the community. At the initial stage, they reported feeling
uncomfortable making comments on the produced artifacts of other groups. Similar
results were recorded in comparable studies in Asia where sociopsychological
factors such as conformity were observed where students expressed contradictory
views (Venkatesan et al. 2014). As students progressed further in the project, the
comments became more and more structured and also diversified. In the second
phase, the project team urged them to link similar concepts of the created artifacts.
The teaching team wanted them to find conceptual similarities and raise their
awareness of connections between the created definitions within the glossary. In the
subsequent formative evaluation, students were instructed to group and re-group
definitions in order to build new categories of terms. This intervention was intro-
duced in order to enhance students’ higher order thinking skills. Peer-evaluations
were involved but teachers also gave feedback on students’ work and suggested
possible links between related content and assisted with the regrouping of concepts
in the glossary.

On the whole, the project-based curriculum was found to be beneficial in
enhancing students’ inquiry capacities. Through working on the project and
managing their portfolios, students sharpened their information research skills,
especially in retrieving relevant content from the identified digital artifacts. They
also showed gains in their problem management, information and knowledge
management skills.

4.4 Conclusion

This chapter provides a literature review on concepts and models of science edu-
cation in Europe and documents a case study that illustrates the advantages of
technology-enhanced collaborative Biology learning and its impact on facilitating
the development of twenty-first century skills among secondary students in
Switzerland. The findings of the case studies support the use of technology-
enhanced inquiry-based science learning as a promising teaching and learning
approach. Such an approach is expected to be most effective when social media
technologies are utilized in an appropriate way and teachers use adaptive strategies
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to scaffold student collaboration and guide them in fruitful knowledge creation.
Applying the inquiry-based model proposed by Hakkarainen and Sintonen (2002)
and Muukkonen et al. (2008), as well as the ABAHCOCOSUCOL method advo-
cated by Notari (2006), we cited examples of how science can be taught to
twenty-first century learners and how wiki-based technology can raise students’
competences in the subject matter and aid formative evaluation of student work and
progress.

Science education offers different opportunities for teachers to incorporate
technology into the learning process. Technology can be used for measuring
parameters like temperature, weight, and electrical power or with more powerful
tools with multiple sensors. Some modern equipment even allows such changes to
be visualized, and values and diagrams to be exported for further processing. This
usage of technology in science education is beyond the scope of the present chapter.
The chapter focuses on a higher level of technology integration, namely how to set
up and manage collaborative platforms using appropriate models and methods.
Teachers’ major concerns in using technology, especially wikis, arise from their
insecurity about the quality of the created artifacts, that not every student learns
exactly the same content and may not participate equally in content creation, as well
as their fear of not having sufficient IT skills to prevent loss of data (König and
Hodel 2013). The examples included show how such pitfalls can be minimized and
how twenty-first century skills can be taught not only in science education but also
in all other topics from primary school to university level.
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Chapter 5
Twenty-First Century Skills
Education in the U.S.: An Example
of an Inquiry-Based Game Design
Learning Approach

In today’s society, being a citizen and engaging in a participatory democracy
largely require sustained technology access, use and skills to take part productively
and effectively in economic and political activities (Mossberger et al. 2007).
Adequately preparing our current students for success in the workforce also calls for
their development of such technology-related skills. For instance, high job growth
sectors in the U.S. include professions in the computing and information sciences,
which, according to the U.S. Bureau of Labor Statistics, will soar in number
through 2018 at more than twice the rate of all other STEM disciplines combined
(Lacey and Wright 2009). In response to these realities that stem from the evolution
of computing technologies and their increasing role as tools and media supporting
our lives and livelihood, the National Education Technology Plan (US Department
of Education 2010) and U.S. National Broadband Plan (NBP) of the Federal
Communications Commission (FCC) have established educational technology,
digital literacy, participatory culture and digital divide concerns as key target areas
of national education policy agenda (e.g., Hobbs 2010; Horrigan 2011; Jenkins
2009; Mossberger et al. 2007).

Despite such policy guidelines, research indicates that an inequality of digital
skills exists among the U.S. population, which has come to be known as the digital
divide—the gap between those who have and effectively use technology, and others
who do not (OECD 2006). Cross-sectional research in the general population
indicates that even among those with moderate to high levels of technology access,
more sophisticated forms of content creation, participatory engagement and digital
knowledge have been associated with higher socio-economic status and level of
education (Pew Internet and American Life Project 2007). In other words, the
higher the level of education, the greater the self-reported digital skill. Furthermore,
those with better levels of self-reported skill are more likely to visit the types of
websites that stand to benefit their cultural and financial capital (Hargittai and
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Hinnant 2008). Those from more privileged backgrounds use Web-based tech-
nologies in more informed ways for a larger number of activities, revealing that
socio-economic status, race and gender predict digital literacy in ways that may
influence social mobility (Hargittai 2010).

Interestingly, despite clear intersections, the related corpuses of social sciences
research on the digital divide, and educational technology research investigating
students’ social constructivist and inquiry-based learning with technology, are not
commonly bridged. Inquiry-based learning innovations with technology have the
potential to advance learning in the core content domains described thus far in this
book. Specifically, inquiry-based learning approaches have much to contribute to
the discussion on addressing the digital divide, and the pragmatic achievement of
alleviating this social problem. If such approaches are well-designed and imple-
mented, and adopted more widely and equitably in the full range of diverse U.S.
public schools, this will extend important technology learning opportunities more
equitably, in what could amount to a closing of digital divide gaps, and greater
social mobility among diverse populations.

5.1 Technology Education in the United States

In this section, we outline the education policy and national association standards’
landscape with regard to educational technology innovation in the U.S., high-
lighting academic research in the field of the learning sciences as well as devel-
opments in industry. We discuss existing research on some smaller scale guided
inquiry-based learning projects, and identify opportunities for expanding the evi-
dence base of program evaluation research in the area of educational technology
effectiveness, to help educators make research-driven decisions on what works.

5.1.1 Policies and National Standards, and Implementation
Challenges

A number of national level policy initiatives in the U.S. have proposed guidelines
on technology education. The 2010 National Education Technology Plan (NETP)
recommends wide-reaching technology educational efforts in schools to support
teaching/instruction, and student learning (2010), leading to the need for quite
radical transformation in each of the following areas:

• Learning: Engage and Empower
• Assessment: Measure What Matters
• Teaching: Prepare and Connect
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• Infrastructure: Access and Enable
• Productivity: Redesign and Transform
• Research and Development: Innovate and Scale.

Addressing inequalities in digital access and infrastructure across the U.S.
population, the FCC’s National Broadband Plan offers recommendations such as
reduced-rate broadband for certain market sectors, and expansion of digital literacy
education to promote not just technology access but greater sophistication of uses
among the general public, starting at an early age (NBP 2010; Horrigan 2011).

Moreover, national association standards such as the American Association of
School Librarians’ (AASL) 2008 Standards for the Twenty First Century learner,
and the International Society for Technology in Education’s (ISTE) 2008 National
Education Technology Standards recommend and advocate school-based delivery
of educational technology programs that will cultivate students’ technology
expertise and dispositions toward active, constructive and creative technology uses.
The AASL has embarked recently to update its mission, identifying three key
factors that are transforming school librarianship, largely driven by technology:

1. The role of the school librarian is evolving and changing to serve as the guiding
light in transforming learning through new tools and technology;

2. The essence of school libraries is teaching and learning; and
3. The AASL must work with leaders, within and outside our profession to voice

and contribute to the transformation process.
(AASL Press Release, July, 2014)

While standards in national association frameworks have been updated to con-
sider youth engagement in the era of social media technologies and students’
capacity to develop, create, contribute and publish content of their own, such policy
documents often neglect to offer specific, concrete and pragmatic recommendations
about how schools and teachers may achieve the skills outcomes they specify. Test
score accountability in the core curriculum can result in a “doing fewer things
better” approach among K-12 administrators and their faculties, sidelining tech-
nology integration. Teachers are unclear about how technology and
engineering/computer science efforts (the T and E of STEM) can be integrated
effectively into the core disciplines, or offered as separate classes, within already
full block schedules. Norris and Soloway (2011) identify the following barriers to
technology adoption by teachers: lack of clarity on effective uses, lack of money or
leadership support, school leaders’ prioritization of test-driven accountability goals,
and need for clearer assessments. Wellings and Levine (2009) further point out the
dilemma of innovation outpacing research as a hurdle for school educational
technology decision-makers. They assert that research eliciting clear pragmatic
findings for effective technology integration practice is sorely needed.

Massive open online courses (MOOCs) and online learning platforms present
opportunities for teachers’ professional development in educational technology
integration, both for free online and at an affordable cost to school districts. Most U.
S. states have an organizational association or state department of education affiliate
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group that issues continuing education credits for pre-approved professional
development opportunities. Nevertheless, sanctioned opportunities for teachers
supporting the integration of technology vary widely from state to state.

Of note, a 2013 report published by the National School Boards Association’s
Center for Public Education critiques the typical cross-sectional, short-term work-
shop format of most teacher professional development in the U.S. context
(Gulamhussein 2013). The report notes that single session workshops often do not
change teacher practice and have little effect on student achievement (Yoon et al.
2007). The rationale for these discouraging results is that such workshops do not
have a positive impact on teachers during the implementation stage of learning—
that which has the steepest learning curve for them. Educators still struggle to find
time to partake in such resources and update their pedagogy to leverage technology
affordances. In spite of efforts such as E-Rate (officially called the Schools and
Libraries Program of the Universal Service Fund of the FCC, established in 1997 to
give schools and libraries discounts on technology infrastructure), funding for
maintaining and updating technology infrastructure in schools and libraries in the
U.S. also remains an issue—consider, for instance, the 2011 defunding of
Enhancing Education Through Technology (EETT) program, which was initially
funded at $700 million annually but dropped to $100 million by 2010, and is now
defunct (EdWeek 2011).

The launch of the new National Education Technology Plan of 2016 offers some
hope, as does the U.S. president Barack Obama administration’s “Future Ready”
initiative of 2014 which gives school district administrators resources and net-
working opportunities among one another to accelerate the transformation of their
schools through effective use of digital learning strategies. Below we will outline a
range of implementation strategies in detail, derived from an organization called
Globaloria, which provides administrators, educators, and students an in-depth
program of project-based game design learning, including an enriched online
learning environment for students and classes, full curriculum for in-school
implementation as a daily class, ongoing frequent trainings for teachers in-person
and through online webinars (situated in the real-time curriculum sequence they are
teaching at that moment), and many other supports. Our discussion focuses on their
offerings circa 2012/2013; the program continues to evolve each year and has
expanded its offerings substantially further. Educators are encouraged to find and
connect with organizations like Globaloria to acquire ongoing expert guidance and
support, so they are not “going it alone.”

5.1.2 Smaller Scale Pilots of Instructional Design
Innovations

Research on learning technology innovations began more than 40 years ago, with
research goals, theories and methods evolving and branching over the years
(Marshall and Cox 2008; Voogt and Knezek 2008). Early on, researchers focused
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mainly on enhancing individual students’ learning of specific concepts or skills.
The field gradually expanded attention to the broader picture of teacher beliefs,
motivation for technology use, and teacher pedagogical practices (Passey et al.
2003; Law et al. 2008; Meyer et al. 2011), as well as the impact of technical
affordances in the learning environment (Hennessey and Deaney 2004) and the
formality of the setting (more or less structured) (Mumtaz 2001). Importantly, the
field also grew to address the effect of specific factors on students’ learning of
concepts and skills (Crook 1997; Yeh et al. 2011). As technology has evolved,
technology features and affordances for education have also transformed in kind, as
have research methods and data practices (Marshall and Cox 2008), for instance,
the expansion in using observations of students’ online activities, as well as
learning analytics data such as trace logs to understand student learning processes
(Rodríguez et al. 2010), as well as teachers’ practices (Fisher et al. 2012).

In the fields of the “learning sciences” and “computer science education,”
researchers are using rigorous social science and educational psychology research
methods to investigate technology-based learning innovations and instructional
approaches. The learning sciences is an interdisciplinary field that works to advance
scientific understanding of learning, and to contribute towards the design and
implementation of learning innovations, and the improvement of instructional
methodologies (Sawyer 2005). Similar to the theoretical underpinnings of the
inquiry-based approaches discussed in earlier chapters, education contexts being
studied in learning sciences research are often guided by constructivist,
social-constructivist, socio-cognitive, and socio-cultural theories of learning (2005).
Research is conducted on projects administered both within and outside classrooms,
and in the standard core disciplinary knowledge domains, as well as newer K-12
academic subject areas such as computer science, computational thinking and
information/digital/media literacies.

In such contexts, learning technology innovations developed by the researchers
are often tested, refined and iterated among smaller sized samples of learners.
Funding for the development of such innovations (and commercialization in some
cases) stems from sources such as the National Science Foundation, which sponsors
programs such as Cyberlearning and “Broadening Participation in Computing”
(BPC), tailored to support such advancements. For instance, The Georgia
Computes! Project was a National Science Foundation BPC award winner spear-
headed by Georgia Tech’s College of Computing in cooperation with the Georgia
Department of Education, and focused on increasing the number and diversity of
computing students in the state of Georgia. This project included an initiative to
train high school teachers how to teach computing to their students and generate
greater interest in pursuing ongoing computing education, using motivating peda-
gogical approaches involving design. Private foundations like the John D. and
Katherine T. MacArthur Foundation’s Digital Media and Learning (DML) initiative
has also supported educational technology innovation since its launch in 2006.
Such funding initiatives drive advancement of new learning technologies, with an
aim to support the scale of these innovations through cultivation of a research
evidence base.
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5.1.3 Industry Forces as Drivers of Educational Technology
Innovations

In addition to communities of researchers exploring and contributing to innovative
learning technologies, entrepreneurial industry market dynamics are influencing the
field. Technologies facilitating “blended learning” and “distance learning” models
as well as MOOCs, have gained much headway among adult learners, and are now
moving into the K-12 public school space. A new venture capital market is
emerging for startup companies developing innovative educational and learning
technologies and curriculum delivery platforms (Watters 2015), and competition for
school district budget allocations is escalating among such newcomers and more
traditional bricks and mortar publishers.

School district budgets for technology integration initiatives may derive from a
mix of three primary funding sources: curriculum budgets (i.e., textbooks), tech-
nology infrastructure budgets (sometimes part of a district’s “facilities”), and pro-
fessional development budgets (i.e., teacher training). Striving to maintain their
long-standing foothold over these funds, large scale traditional bricks and mortar
publishing companies are investing in infrastructure and technology development to
enable direct channel delivery of digitized content to U.S. educators via proprietary
home-grown solutions as well as acquisitions of start-ups. Commercial learning
management system (LMS) providers such as Blackboard, E-College and
Schoology are also forging ahead in building content partnerships with publishers,
and marketing their web services to K-12 school districts, making strong inroads.
Smaller scale educational technology entrepreneurs who launch innovative apps
and web services for learning are securing profitable acquisitions by monoliths such
as Amazon.com Inc., Scholastic Corp., Pearson or private equity firms with hold-
ings in education and publishing.

Growing industry practices such as these must be considered through a critical
lens, as digital distribution of curricular content via commercial LMSs is occurring,
but learning effects research is not strongly informing the program development.
This ad hoc or arbitrary technology design runs counter to the careful and rigorous
research evidence base emerging among technology education research visionaries
such as those within the learning sciences community. The proliferation of com-
mercial firms holds an assumption that delivering content digitally will improve
educators’ pedagogy and students’ learning outcomes (without carefully researched
design of affordances that meet the needs of the full diversity of learners).
Many LMS platforms are catch-all template solutions with generic interfaces that
may or may not be customizable. Providers have not considered how design
optimization should be tailored with regard to different subject matter, activity type,
learning objectives, user population (among both students and teachers), grade
levels, etc.

We do not yet have a strong evidence base to indicate under what conditions these
information systems add value to learning processes and outcomes, and for what type
of learning. Variables to be taken into consideration include student-to-computer
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ratios, and student individual differences such as reading level and screen reading
preferences (print versus text), and information literacy and online navigational and
resource use skills. More research is needed to empower school leaders to make
informed and responsible decisions about the application of information systems
supporting inquiry, in localized contexts, and given local contingencies.

5.2 Research Cases on Inquiry-Based Learning
Through a U.S.-Based Game Design Curriculum,
Circa 2012/2013

The following case study summary findings are based on several empirical research
studies investigating a learning innovation that facilitates middle school and high
school students’ game design learning during a single year timeframe of 2012/2013.
The program’s instructional design demonstrates inquiry-based learning principles
discussed throughout the book. The program, called Globaloria, was initiated by a
NewYorkCity non-profit organization, and as of 2012/2013,was being implemented
in middle schools and high schools in five U.S. states. As of 2016, the organization is
commercializing, and continuing to grow and expand, and Globaloria courseswill be
used by 30,000 students and educators in districts and schools in 15 U.S. states. The
program’s theoretically driven instructional design and the coordinated research
efforts along with it serve as an exemplar of the iterative “design-based research”
method commonlyutilized in the learning sciencesfield (Disessa andCobb2004). The
research captured herein provides insights on the learning effects among students who
participated in the program, aswell as ways inwhich student inquiry processes guided
their learning. The results are situated in the context of current debates in the literature
addressing “discovery-based learning” approaches. The findings denote both
strengths and limitations of inquiry-based learning, highlighting important questions
that are still open in the field as to their effectiveness, and that are being actively
addressed in the Globaloria program itself as the system continues to evolve.

5.2.1 Inquiry-Based Game Design Program Features
in 2012/2013

In Globaloria, students learn game design using a structured curriculum in which
they attend a related class every day, for credit and a grade across an entire school
year. Students’ creation of a complex digital artifact gives them the opportunity to
gain introductory computational thinking and programming experience, while also
providing a constructive purpose and context to engage in autonomous inquiry,
information resource use, collaboration and problem-solving. During this study’s
investigation in 2012/2013, students used programming software such as Adobe
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Flash, Unity or mobile app development packages depending on the school to
create a playable digital web game. The primary goal of the program from the
students’ perspective is the successful completion of a functioning game.

In-school classes follow a blended learning curriculum daily, for up to 90 min
per session, across either a semester or a full year. Students and teachers use a
proprietary LMS web service platform developed by the organization. Each par-
ticipating school gains access to their own project-based learning environment and
student/teacher member accounts. The environment contains three types of features:

• Project management features enabling uploading, sharing and archiving of
in-progress and final game artifacts;

• Social media features including profile, project and team pages that facilitate
communication among classmates as well as collaboration through sharing of
game assets; and

• Information resources including the game design curriculum, syllabi, a host of
video- and text-based tutorial resources.

Using this platform frequently each day, students engage in both autonomous
and collaborative inquiry, information-seeking, and resource uses. The program
also requires teacher participation in professional development trainings,
on-location and virtual instruction from industry experts, and offers a virtual help
desk available during school hours allowing students to contact Globaloria staff in
real-time with game design questions.

Figures 5.1, 5.2, 5.3 and 5.4 demonstrate several instructional units of the game
design curriculum as of 2012/2013. For a full-year implementation, there were a
total of six units. During the first three units, working as individuals, students
learned introductory programming by creating a simplified “hidden object game”

Fig. 5.1 2012/2013 Globaloria curriculum: list of activities in three out of the six curriculum units
for the “Intro to Game Design” course
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and an action game, teaching basic programming fundamentals. They then segue
into teamwork in Units 3–6, choosing a more complex game idea in a particular
genre such as a platform jumper game, adventure game, or maze. Students are
encouraged to develop game themes and a message through online research. At
some locations, they may create a game about a particular school subject such as
math. In this school year, the first three units were often completed in the first half
of the school year, and the latter three in the second half.

Fig. 5.2 2012/2013 Globaloria curriculum: Screenshot of unit 2 of the learning module

Fig. 5.3 2012/2013 Globaloria curriculum: Screenshot of unit 2 “Learning Objective 1” and
adjacent information resource screenshots
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The information resources available on the LMS range from text-based tutorial
and assignment content to sample programming code, and to video-based
step-by-step tutorials, which contain screencast demonstrations of particular pro-
gramming actions.

5.2.2 Theoretical Underpinnings of Globaloria

The learning theories influencing the design of Globaloria include social con-
structivism (Vygotsky 1962), and constructionism (e.g., Papert and Harel 1991).
Constructionism has been described as a teaching philosophy and “framework for
learning and educative action” (Disessa and Cobb 2004) that builds upon
Vygotsky’s (1962) social constructivist theory and Piaget’s constructivist theory. In
constructionist learning, students engage in conscious construction of a techno-
logically mediated computational artifact in a workshop-style group educational
environment (Papert and Harel 1991; Kafai 1995; Kafai and Resnick 1996). The
constructionist approach holds that individuals learn best when mobilizing their
entire selves in a personally meaningful pursuit while sensing that their work is
valued as part of a larger enterprise (Barron and Darling-Hammond 2008; Stager
2001). Aligning with social constructivism, constructionist interventions are
designed to facilitate learners’ building of knowledge socially through dialogue and
interaction, rather than more top-down approaches involving a sole instructor and a
print text. Constructionism adds creation of a computational artifact using pro-
gramming as a key element (Papert and Harel 1991). The interplay between the

Fig. 5.4 2012/2013 Globaloria curriculum: Screenshot of unit 2’s “Learning Objective 5” and
adjacent information resource screenshots
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learner’s development of a conceptual idea for the artifact and the use of a com-
putational programming language to represent the idea are hallmarks of construc-
tionism, encouraging metacognition, also known as “learning how to learn” (Harel
and Papert 1990). Outcomes of such engagement that have been observed and
measured among some students (Harel 1991) have included: active, critical
thinking; development of greater effort, persistence and self-regulation; confidence
and self-efficacy; design principles and aesthetic appreciation; lessons about
semiotics as a system of signs and signifiers; meta-level thinking about the nature of
semiotics, representations, and other semiotic domains; and core domain knowl-
edge (i.e., math). Harel (1991) also found that after creating designed computational
projects representing mathematics principles of fractions, students performed better
on mathematics themed standardized knowledge tests than a control group.

Overall, learning in Globaloria occurs through students’ constructionist
engagement and guided discovery including their interaction with peers and
teachers, information resources (in this case, via online LMS), software, and a
programming language. These interactions in Globaloria occur within a blended
learning in-person workshop setting that also includes online communication and
project management, as well as interactions with expert mentors including
Globaloria staff.

5.2.3 Six Contemporary Learning Abilities Framework

The learning objectives and outcomes underscoring the instructional design of the
game design program have been described in early phases of the Globaloria project
as “6 contemporary learning abilities” or “6-CLAs” (Reynolds and Harel Caperton
2009; Harel Caperton 2010). These dimensions were derived from a theoretical
consideration of the skills that are necessary for learners to engage effectively and
productively as digital citizens in today’s twenty-first century knowledge-based
work environments and digital online participatory cultures. Reynolds (2016a)
discusses these as “contemporary learning practices,” identifying ways in which
theory has underscored the development of this learning framework for “social
constructivist digital literacy” and its instantiation in the Globaloria learning
solution. The 6 dimensions of social constructivist digital literacy are outlined in
Table 5.1, column 1. In column 2, we present each dimension’s alignment with the
instructional design affordances that were offered in Globaloria in 2012/2013, to
operationalize them. Column 3 presents research operationalizations that might be
used to measure student engagement in the instructional activities— in this case,
survey items are presented as one example of an engagement measure.

Productive content creation of an artifact is the primary and central driving
activity in the CLAs, as reflected in CLAs 1–3. Learners engage in the latter three
dimensions of activity (CLAs 4–6), participating in collaborative inquiry, to support
the artifact creation: interact and communicate socially both online and face to face
(CLA 4); and find and use information resources and existing examples of the given
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artifact type (CLA 5 and 6). The framework’s dimensions can be applied in a range
of artifact design contexts. Globaloria’s choice of game design as the artifact type is
one example. This broad framework outlining social constructivist learning
dimensions can help organize others’ instructional design and research efforts when
digital literacy development is the learning objective.

5.2.4 Study 1: Cultivation of the “CLAs” Among Student
Participants in Globaloria: Research Results
on Effects

Using data from the 2012/2013 school year, Reynolds (2016a) investigates ways in
which the CLA dimensions are inter-related when offered in the Globaloria
instructional design model to cultivate social constructivist digital literacy. Pre- and
post-program surveys were administered to measure middle school and high school
students’ frequency of engagement in the prescribed Globaloria activities across
CLAs. Factor analysis findings (2016) indicated that students’ pre-program fre-
quency of engagement in instructional activities factored into six distinct and
inter-dependent constructs, in line with the framework above. Results also revealed
that, prior to participation, students had lower levels of previous experience in more
effortful digital creative activities (e.g., design and creation of project files in soft-
ware, CLAs 1–3), but higher levels of experience in their uses of online web services
for the purposes of surfing, searching and socializing—CLAs 4–6. The opportunity
to engage in more creative technology activities (CLAs 1–3) was therefore novel.

Further, results from 2012/2013 demonstrated that students increased in their
frequency of engagement across all 6 dimensions from pre- to post-program, both at
home and school, even without the assigning of homework. They also showed
gains in some categories of motivation and self-efficacy. The magnitude of change
appeared larger in the more effortful digital creation categories of CLAs 1–3. These
results are notable given that these activities require substantial effort, and in that
engagement in productive digital content creation like this has been linked to
greater enhancement of one’s cultural capital, social mobility, and life and liveli-
hood opportunities in everyday technology use outside of the prescriptive educa-
tional intervention context (e.g., Hargittai 2010), suggesting that such benefits may
extend to those who learn these practices.

Finally, the research found that student engagement in several activities
at-school contributed to their at-home engagement (2016). For instance, a change
from pre- to post-program in students’ Creating (CLA 1), Socializing (CLA 4) and
Surfing (CLA 6) activity at school contributed to a change in their Creating (CLA
1) activity at home, even though they were assigned no homework. These results
indicate a transfer of school practices in Globaloria to the home environment for
these more challenging creative technology pursuits (at least in the short term)
(Reynolds 2016a, b).
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5.2.5 Summary of Other Globaloria “Effects” Type
Research

Some of the other effects-type research conducted on Globaloria to-date is sum-
marized in Table 5.2 below. The research questions investigated have included:

• Effects of students’ participation upon outcome variables such as standardized
test scores, game design learning outcomes and career interests;

• Ways in which student participation from pre- to post-program eliminates the
known effects of socio-economic status upon digital literacy (in the short term);

• Change in girls’ self efficacy toward technology practices, furthering of STEM
educational pathways, and career interest development.

The results overall demonstrate evidence of the benefits to students that can be
proffered when they have the opportunity to engage in substantive constructionist
computing education in the formal school context.

5.2.6 Debates Concerning Structure in Inquiry-Based
Learning Contexts

While research evidence such as studies cited in Table 5.2 amply demonstrate a
corpus of positive effects resulting from comprehensive learning experiences like
Globaloria, debates still arise in the learning sciences literature around the efficacy
of these “discovery-based” constructionist approaches. For instance, a widely cited
article in the journal Educational Psychology by Kirschner et al. (2006) strongly
critiques discovery-based approaches as ineffectual, due to a lack of structure in
autonomy-supportive inquiry-based learning contexts, and excessive cognitive load
that can result, which can over-tax the working memory needed to learn the core
material (e.g., introductory computer programming in the case of Globaloria)
(2006). These authors (2006) suggest that the emphasis on self-guided learning
across time and the extra task of seeking out informational resources can lead to
frustration and de-motivation in students, impeding learning progress rather than
accelerating it. Therefore, the article recommends close expert-led instruction using
highly structured sequences of problem sets that take into account cognitive pro-
cesses on short-term working memory being investigated in experimental research.

Kirschner et al. (2006) article prompted direct full-article reactions in the liter-
ature, in which authors such as Hmelo-Silver et al. (2007) counter-argue that
discovery-based interventions involving inquiry are not entirely unguided, but in
fact reflect varying extents of structure. These authors (2007) point out that even in
learner-centered interventions, student work is structured by systems and/or expert
guides and may be better described as “guided” discovery. Scaffolds and instruc-
tional contexts supporting inquiry-based learning can and should be designed and
specified in the literature to minimize cognitive load effects. A benefit of

5.2 Research Cases on Inquiry-Based Learning … 93



T
ab

le
5.
2

R
es
ea
rc
h
on

G
lo
ba
lo
ri
a
to
-d
at
e

R
es
ea
rc
h
qu

es
tio

n,
br
oa
dl
y

C
ita
tio

ns
M
et
ho

ds
R
es
ul
ts

E
ff
ec
ts
of

in
te
rv
en
tio

n
on

st
an
da
rd
iz
ed

te
st
sc
or
es

C
ha
dw

ic
k
an
d
G
or
e
(2
01

0)
M
at
ch
-c
as
e

qu
as
i-
ex
pe
ri
m
en
ta
l

re
se
ar
ch

w
ith

co
nt
ro
l

gr
ou

ps

Pa
rt
ic
ip
an
ts
in

G
lo
ba
lo
ri
a
pe
rf
or
m
ed

si
gn

ifi
ca
nt
ly

be
tte
r
in

th
e
20

09
W
E
ST

E
ST

2
sc
ie
nc
e
an
d
so
ci
al

st
ud

ie
s
su
bt
es
ts
th
an

th
os
e
w
ho

di
d
no

t
jo
in

th
e

pr
og

ra
m

C
ha
dw

ic
k
an
d
G
or
e
(2
01

1)
M
at
ch
-c
as
e

qu
as
i-
ex
pe
ri
m
en
ta
l

re
se
ar
ch

w
ith

pr
op

en
si
ty

sc
or
e
m
at
ch
in
g

St
ud

en
ts
w
ho

to
ok

pa
rt
in

th
e
G
lo
ba
lo
ri
a
pr
og

ra
m

sc
or
ed

sl
ig
ht
ly

hi
gh

er
th
an

co
m
pa
ri
so
n
st
ud

en
ts
on

al
l

fo
ur

su
b-
se
ct
io
ns

of
th
e
20

10
W
E
ST

E
ST

2;
ho

w
ev
er
,

a
si
gn

ifi
ca
nt

di
ff
er
en
ce

w
as

fo
un

d
on

ly
in

th
e

W
E
ST

E
ST

2
sc
ie
nc
e
do

m
ai
n
af
te
r
co
nt
ro
lli
ng

fo
r

pr
ev
io
us

ac
hi
ev
em

en
t.
T
hi
s
fi
nd

in
g
su
gg

es
te
d
th
at

G
lo
ba
lo
ri
a
pa
rt
ic
ip
at
io
n
w
as

po
si
tiv

el
y
re
la
te
d
to

st
ud

en
t
sc
ie
nc
e
pe
rf
or
m
an
ce
,
bu

t
w
as

no
t
re
la
te
d
to

ot
he
r
su
bj
ec
ts
te
st
ed

on
th
e
W
E
ST

E
ST

2

H
o
et

al
.
(2
01

2)
M
at
ch
-c
as
e

qu
as
i-
ex
pe
ri
m
en
ta
l

re
se
ar
ch

w
ith

co
nt
ro
l

gr
ou

ps

(1
)
G
lo
ba
lo
ri
a
pa
rt
ic
ip
at
io
n
w
as

po
si
tiv

el
y
as
so
ci
at
ed

w
ith

st
ud

en
ts
’
m
at
h
ac
hi
ev
em

en
t;
(2
)
G
lo
ba
lo
ri
a

pa
rt
ic
ip
at
io
n
co
rr
el
at
ed

po
si
tiv

el
y
w
ith

st
ud

en
ts
’

re
ad
in
g
ac
hi
ev
em

en
t;
(3
)
T
he
re

w
as

a
si
gn

ifi
ca
nt

co
rr
el
at
io
n
be
tw
ee
n
G
lo
ba
lo
ri
a
pa
rt
ic
ip
at
io
n
an
d

st
ud

en
t
sc
ie
nc
e
ou

tc
om

es
w
ith

in
th
e
sc
ho

ol
s

st
ru
gg

lin
g
w
ith

m
at
h
pr
ofi

ci
en
cy
;
an
d
(4
)
G
lo
ba
lo
ri
a

pa
rt
ic
ip
at
io
n
w
as

no
t
as
so
ci
at
ed

w
ith

st
ud

en
ts
’
so
ci
al

st
ud

ie
s
ac
hi
ev
em

en
t

H
o
et

al
.
(2
01

3)
M
at
ch
-c
as
e

qu
as
i-
ex
pe
ri
m
en
ta
l

re
se
ar
ch

w
ith

co
nt
ro
l

gr
ou

ps

(1
)
Fo

r
m
at
h,

G
lo
ba
lo
ri
a
pa
rt
ic
ip
at
io
n
ha
d
a
po

si
tiv

e
ef
fe
ct

on
hi
gh

sc
ho

ol
st
ud

en
ts
w
ho

w
er
e
in

sc
ho

ol
s

st
ru
gg

lin
g
w
ith

lo
w
m
at
h
pr
ofi

ci
en
cy
.(
2)

Fo
rs
ci
en
ce
,

G
lo
ba
lo
ri
a
pa
rt
ic
ip
at
io
n
ha
d
a
po

si
tiv

e
ef
fe
ct

on
hi
gh

sc
ho

ol
st
ud

en
ts
w
ho

ca
m
e
fr
om

lo
w
-i
nc
om

e
fa
m
ili
es

(i
.e
.
st
ud

en
ts
re
ce
iv
in
g
fr
ee

or
re
du

ce
d-
pr
ic
e
m
ea
ls
).

(3
)
Fo

r
so
ci
al

st
ud

ie
s,
G
lo
ba
lo
ri
a
pa
rt
ic
ip
at
io
n
ha
d
a

po
si
tiv

e
ef
fe
ct

on
bo

ys
in

m
id
dl
e
sc
ho

ol
(c
on

tin
ue
d)

94 5 Twenty-First Century Skills Education in the U.S.: An Example …



T
ab

le
5.
2

(c
on

tin
ue
d)

R
es
ea
rc
h
qu

es
tio

n,
br
oa
dl
y

C
ita
tio

ns
M
et
ho

ds
R
es
ul
ts

E
ff
ec
t
of

pr
og

ra
m

pa
rt
ic
ip
at
io
n
on

re
du

ci
ng

kn
ow

n
di
gi
ta
l
di
vi
de

ef
fe
ct
s

su
ch

as
ge
nd

er
,
SE

S,
an
d

ra
ce
/e
th
ni
ci
ty

R
ey
no

ld
s
an
d
C
hi
u
(2
01

5)
M
ul
ti-
le
ve
l
an
al
ys
is

m
od

el
in
g

(1
)
Pr
og

ra
m

pa
rt
ic
ip
at
io
n
el
im

in
at
es

ge
nd

er
,
an
d,

pa
re
nt

ed
uc
at
io
n
le
ve
l
as

a
pr
ed
ic
to
r
of

st
ud

en
ts
’

ex
te
nt

of
ho

m
e
co
m
pu

te
r
en
ga
ge
m
en
t
af
te
r

pa
rt
ic
ip
at
in
g.

(2
)
St
ud

en
ts
fr
om

sc
ho

ol
s
w
ith

lo
w
er

pa
re
nt

ed
uc
at
io
n
sh
ow

gr
ea
te
r
in
cr
ea
se
s
in

sc
ho

ol
te
ch
no

lo
gy

en
ga
ge
m
en
t
th
an

st
ud

en
ts
fr
om

sc
ho

ol
s

w
ith

hi
gh

er
pa
re
nt

ed
uc
at
io
n,

in
di
ca
tin

g
th
at

pr
og

ra
m
s
su
ch

as
th
is
on

e
m
ay

be
pa
rt
ic
ul
ar
ly

ef
fe
ct
iv
e
in

lo
w
er

so
ci
o-
ec
on

om
ic

st
at
us

co
m
m
un

iti
es
.
(3
)
Pr
og

ra
m

pa
rt
ic
ip
at
io
n
re
m
ov

es
pr
io
r
sc
ho

ol
ac
hi
ev
em

en
t
as

a
pr
ed
ic
to
r
of

st
ud

en
ts
’

en
ga
ge
m
en
t
in

ad
va
nc
ed

co
m
pu

tin
g
ac
tiv

iti
es

E
ff
ec
ts
of

at
-s
ch
oo

lv
er
su
s
af
te
r
sc
ho

ol
pr
og

ra
m

im
pl
em

en
ta
tio

n
on

st
ud

en
t

ga
m
e
de
si
gn

le
ar
ni
ng

ou
tc
om

es

R
ey
no

ld
s
an
d
C
hi
u
(2
01

3)
M
ul
ti-
le
ve
l
an
al
ys
is

m
od

el
in
g

W
he
th
er

G
lo
ba
lo
ri
a
w
as

of
fe
re
d
as

an
in
-s
ch
oo

l
vs
.

af
te
r-
sc
ho

ol
im

pl
em

en
ta
tio

n
di
d
no

t
su
bs
ta
nt
ia
lly

in
fl
ue
nc
e
th
e
ty
pe
s
of

ch
an
ge
s
in

st
ud

en
td

is
po

si
tio

ns
th
at

th
e
pr
og

ra
m

cu
lti
va
te
s,
fr
om

pr
e-

to
po

st
-p
ro
gr
am

.
H
ow

ev
er
,
im

pl
em

en
ta
tio

n
co
nt
ex
t

(i
n-
sc
ho

ol
vs
.
af
te
r-
sc
ho

ol
)
di
d
ap
pe
ar

to
in
fl
ue
nc
e

le
ar
ni
ng

ou
tc
om

es
su
ch

th
at

in
-s
ch
oo

l
st
ud

en
ts

ap
pe
ar
ed

to
ga
in

m
or
e
kn

ow
le
dg

e.
Po

si
tiv

e
ch
an
ge
s

in
in
tr
in
si
c
m
ot
iv
at
io
n
w
er
e
fo
un

d
to

be
as
so
ci
at
ed

w
ith

ch
an
ge

in
fr
eq
ue
nc
y
of

en
ga
ge
m
en
ti
n
al
m
os
ta
ll

di
m
en
si
on

s.
Se
ve
ra
l
at
-h
om

e
en
ga
ge
m
en
t
ch
an
ge
s

w
er
e
m
ea
su
re
d.

T
he

lo
w
er

th
e
pa
re
nt

ed
uc
at
io
n

am
on

g
st
ud

en
ts
,
th
e
gr
ea
te
r
th
e
po

si
tiv

e
ch
an
ge
s
in

se
lf
-e
ffi
ca
cy

fo
r
on

lin
e
re
se
ar
ch

(c
on

tin
ue
d)

5.2 Research Cases on Inquiry-Based Learning … 95



T
ab

le
5.
2

(c
on

tin
ue
d)

R
es
ea
rc
h
qu

es
tio

n,
br
oa
dl
y

C
ita
tio

ns
M
et
ho

ds
R
es
ul
ts

E
ff
ec
ts
of

pr
og

ra
m

pa
rt
ic
ip
at
io
n
on

gi
rl
s’

id
en
tifi

ca
tio

n
w
ith

ST
E
M

fi
el
ds

an
d
ca
re
er
s

M
in
ni
ge
ro
de

an
d
R
ey
no

ld
s

(2
01

3)
,
A
sh
cr
af
t
an
d

R
ey
no

ld
s
(2
01

4)
,
A
sh
cr
af
t

et
al
.
(2
01

4)

C
as
e
st
ud

y;
no

n-
ex
pe
ri
m
en
ta
l

pr
e/
po

st
de
si
gn

G
ir
ls
’
pa
rt
ic
ip
at
io
n
in

G
lo
ba
lo
ri
a
ap
pe
ar
ed

to
el
ic
it

gr
ea
te
r
id
en
tifi

ca
tio

n
w
ith

co
m
pu

tin
g,

th
ro
ug

h
th
e

af
fo
rd
an
ce

of
cr
ea
tin

g
ga
m
es

ar
ou

nd
th
em

es
of

pe
rs
on

al
in
te
re
st
an
d
a
ch
an
ce

to
ex
pe
ri
en
ce

su
cc
es
s.

G
ir
ls
’
pa
rt
ic
ip
at
io
n
of
fe
re
d
ro
le
-t
ak
in
g
ex
pe
ri
en
ce
s
in

te
am

s
th
at
,
ov

er
tim

e,
br
ou

gh
t
ab
ou

t
pr
ev
io
us
ly

un
av
ai
la
bl
e
te
am

le
ad
er
sh
ip

op
po

rt
un

iti
es

fo
r
so
m
e.

G
ir
ls
’
pa
rt
ic
ip
at
io
n
le
d
to

in
cr
ea
se
s
in

th
ei
rp

er
ce
pt
io
n

th
at

ea
rn
in
g
a
de
gr
ee

in
co
m
pu

te
r
sc
ie
nc
e
w
ou

ld
br
in
g
th
em

jo
bs

th
ei
r
fa
m
ily

co
ul
d
be

pr
ou

d
of

96 5 Twenty-First Century Skills Education in the U.S.: An Example …



inquiry-based learning is its focus on student-centered inquiry to meet individual-
ized and varying student needs at their level. These personalized approaches con-
trast with more highly structured, short-term and single-timeframe cognitive
approaches to problem set design, which presume that learners share common
cognitive processes that can be met with a single, highly structured instructional
context that is uniform across all learners (Hmelo-Silver et al. 2007).

Moreover, in further support of inquiry-based approaches, there is a growing
research evidence base asserting that students do not necessarily need to be suc-
cessful in a given learning activity proximally in the short term, to gain an
advantage distally. The research on the “productive failure” phenomenon presents
evidence that less-structured problem contexts can lead to more long-standing
positive learning outcomes because such contexts lead people to understand the
deep structure of problems, not simply their correct solutions (e.g., Kapur 2006,
2008; Kapur and Kinzer 2009). Other research studies show that a learner’s level of
prior expertise in the core knowledge domain as well as in the accompanying
inquiry processes, i.e., their status as novices versus experts, is also a salient factor
to consider when designing instructional support (National Research Council
2000). Contrasting perspectives like these must continue to be addressed and
probed, as we advance the inquiry-based learning agenda in theory and practice.

5.2.7 Investigating Inquiry and Discovery Processes
in Globaloria

Given these contrasts in the literature, Reynolds and her colleagues continued their
investigation into the nuances of student inquiry practices in Globaloria, and their
relationship to questions of motivation, autonomy and structure. For instance,
Reynolds and Harel Caperton (2011) looked at students’ self-reports of what they
liked, disliked and found challenging about the inquiry- and autonomy-supportive
features of the program context in the 2010 school year. Student responses varied
considerably across the questions, in that some students felt that
autonomy-supportive features such as using wiki resources to solve design prob-
lems were particularly enjoyable, whereas others disliked resource uses and
reported that the activity was quite challenging and frustrating. In some cases,
within a single individual’s response about the wiki resources, evidence of both
enjoyment and difficulty/frustration was noted. The results appeared to offer both
reinforcing and contradicting evidence for Kirschner et al.’s (2006) critiques of
guided discovery due to cognitive load.

Intrinsic motivation. Given these contrasts in student attitudes towards
discovery-based learning, Reynolds (2011b) and Reynolds and Chiu (2012) con-
sidered student individual motivational differences as factors, through the lens of
self-determination theory (SDT) (e.g., Ryan and Deci 2000). These studies (2011b,
2012) explored middle school and high school students’ intrinsic and extrinsic
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motivational orientations as contributors to outcomes, utilizing both survey data and
evaluation measures of the quality of students’ creative artifacts as outcome scores.
The studies examined whether individual differences in motivational orientation
could predict learning outcomes, thus possibly explaining in part the different
experiences of students recorded in Reynolds and Caperton (2011). Using a reliable
content analysis measurement instrument to elicit a dependent variable for game
quality (a proxy for student knowledge) (described in Reynolds 2011a), results
illustrated that intrinsic motivation as measured by validated instruments in a
pre-survey was, in fact, positively correlated with game quality outcomes, as
hypothesized (2011b, 2012). The latter study (2012) employed an advanced sta-
tistical multi-level analysis model and additional variables including teacher sur-
veys and student process data such as number of LMS page edits and file uploads,
discovering that the following factors contributed to knowledge outcomes: teacher
time on task, intrinsic motivational orientation of student teams, and student process
actions like wiki edits and uploads. The 2012 study findings suggest that individual
differences in motivational disposition may affect the ways in which students
experience guided discovery-based game learning in contexts such as Globaloria,
which are high in autonomy support. Those with greater extents of intrinsic
motivation perform better. These results have implications for ways in which the
program can be designed to further scaffold and support a fuller diversity of stu-
dents. The results also qualify Kirschner et al.’s (2006) critique of discovery-based
learning—showing that some students may thrive while others may find
autonomy-supportive contexts more difficult. Individual differences play a role in
their experiences.

Inquiry processes within guided discovery contexts: What strategies work? The
research on motivation discussed in this chapter points to some ways in which
individual differences may be factors in students’ experiences. However, more
understanding is needed regarding the mechanisms by which some students succeed
and others may struggle when they engage in the inquiry process during creative
projects like game design. We need to better understand what particular activities
and affordances are helpful, or not.

Thus, Reynolds et al. (2013) drew upon interview and focus group data with 18
general education middle school students from low-income communities in the U.S.
states of Texas and West Virginia about their experiences participating in
Globaloria in 2012/2013. The study found that students report using a range of
resources including informational wiki resources, human resources such as peers in
teams and outside team classmates, books, and even movies to inspire and inform
their game design. Two main categories of resource use were identified during that
timeframe: (1) toward the game topic and narrative and (2) toward problem-solving
game programming issues. Findings reflected that when problem-solving computer
programming was set as the task, (a) students developed their own strategies for
self- and peer-evaluation and appraisal of their own and others’ expertise; (b) they
built on these appraisals of peer expertise to self-organize role-taking and task
delegation in their teamwork; (c) student leaders at the class level emerged in
certain areas of expertise, and they would occasionally displace the teacher as a

98 5 Twenty-First Century Skills Education in the U.S.: An Example …



knowledge source; (d) some student teams thrived in inquiry while others described
being halted and frustrated by the self-organizing approach to problem-solving their
programming issues; (e) those who came to a halt discussed wishing for more
structure and guidance, from their educator for instance, to keep them back on track.
Results also showed that the capacity of the wikis and information resources to
support distributed cognition was under-utilized in this school year, suggesting
perhaps that students required greater information literacy expertise. The program
continues to build its instructional supports and refine the curriculum given such
results.

Ongoing qualitative analysis studies of Globaloria (e.g., Reynolds 2014, 2016b)
have also employed Google Analytics site metrics data and video observational
footage to further investigate student processes during guided discovery. The results
from both Google Analytics and video observations studies reveal variation in
individual, team and class-level information uses. The results also illustrate rela-
tionships between informational resource uses and learning outcomes (game
quality). Broadly, the findings relate in a similar way to Kuhlthau et al. (2007)
propositions that students’ information uses across time yield meaning making and
knowledge-building, but results also suggest that in such contexts, students appear
to need more direct instruction around information literacy skills (circa 2012/2013).
Further, it appears students could benefit from clearer direct teamwork strategies for
optimizing their collaboration practices in team-based activities.

In sum, constructionist guided discovery-based game design learning interven-
tions that incorporate autonomy-supportive inquiry activities should scaffold direct
instruction deliberately for information seeking skills and teamwork, in addition to
lessons supporting the core activity of computer programming. Generally speaking,
teachers who wish to leverage the opportunities inherent to inquiry-based approa-
ches need to also consider issues of structure. Further research is recommended on
ways in which learners’ individual differences, team level factors, class manage-
ment and pedagogy by the teacher, and instructional design features of the tech-
nology and information systems being utilized, may inter-operate in guided
discovery.

5.3 Conclusion

Ultimately, the authors of this book aim to help instructional designers and prac-
titioners initiate and leverage students’ existing autonomous capacities for “re-
sourcefulness” in the inquiry-based learning interventions we present. We also aim
for our interventions to cultivate, strengthen and enrich greater dispositions for such
autonomous flow engagement in students. Research evidence indicates that con-
structionist blended project-based learning opportunities like Globaloria can lead to
improved school achievement, new career interests in the STEM disciplines, new
dispositions for twenty first century learning across the 6-CLAs, and even miti-
gation of socio-demographic determinants in the digital divide. There are still
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questions to be addressed as we continue to optimize the extent and types of
structure afforded by such autonomy-supportive contexts, to benefit a broad range
of students with varying motivational capacities and individual differences. More
research on student inquiry processes during such learning is recommended to draw
out greater nuances of these dynamics.

Existing resources for structuring online information literacies. Instructional
resources and lesson plans for information literacy skills abound and can be found
through simple online web searches using terms such as “information skills lesson
plans”. One example of such a resource is the Syracuse University Center for
Digital Literacy’s information skill lesson plan database “S.O.S. for Information
Literacy.” Kent State’s TRAILS initiative also features lesson plans as well as
diagnostic instruments for measuring and assessing students’ information skills.
School librarians are uniquely suited to help support in this role.

As an extension to the discussion, Leu and his colleagues at the University of
Connecticut have set up a “New Literacies” research team, and through their work,
offer a set of instructional strategies called “internet reciprocal teaching” (e.g.,
2010) based on Palincsar and Brown’s (1984) reciprocal teaching model
(non-Internet). In both Palincsar and Brown (1984) and Malloy et al. (2010) studies,
students gathered in a group of *4, read a shared text silently (which would be an
online text for Leu), then sat together, analyzed and discussed the textual material
from various perspectives and roles, including Summarizer, Questioner, Clarifier,
and Predictor. They continued around the circle trading and practicing all roles. By
learning, adopting, and repetitively practicing these roles, the students were found
to appropriate a critical stance to the text and consolidate their metacognitive
approaches to reading material in a lasting way. The research on the non-Internet
version of reciprocal teaching was meta-analyzed to present a strong evidence base
of positive effects in cultivating reading metacognitive strategies in late elementary
schoolers (Rosenshine and Meister 1994; Galloway 2003). Leu and his team
adapted the approach to the online context with some variations in the role-taking,
and confirmed that their approach was also effective for comprehension of online
texts.

In this chapter, we have highlighted a dynamic, comprehensive and coordinated
approach for teaching social constructivist digital literacy and computational
thinking skills through game design and introductory programming. Game design
gives students a context for learning using information skills and resources to solve
real-world design and programming challenges. Rather than teaching one-off dis-
parate information skills removed from any practical context, the framework for
social constructivist digital literacy in Table 5.1 offers a way to ignite students’
collective teamwork efforts, and resourcefulness, to create a concrete digital artifact
of their very own—one that they can share and be proud of. Autonomous guided
inquiry and blended learning contexts will go on proliferating in K-12 education.
Resourcefulness is a worthy learning objective for benefiting students in today’s
instruction, but information skills do not come naturally as the case evidence
demonstrates. Approaches such as Leu’s, drawing on strengths of research-driven
teaching strategies for online reading comprehension, are thereby noteworthy.

100 5 Twenty-First Century Skills Education in the U.S.: An Example …



Data cited herein also indicates that opening up in-school, formal opportunities
like Globaloria for students’ inquiry-project-based learning more widely can miti-
gate known digital divides. With the rapid growth of varied innovative educational
computing technologies, Collins and Halverson (2009) propose that informal
(for-profit) contexts for learning out of school will begin to eclipse the formal as
central loci for teaching and learning in the coming decades. These authors high-
light several serious implications for the socio-economically disadvantaged, given
what may become a boom in commercialization of digital and e-learning services.
The authors advocate public school-based solutions, but state that they are not
entirely optimistic that schools can transcend their technology integration chal-
lenges. For the sake of equity, educators are encouraged to consider experimenting
with new educational technology innovations such as those we outline herein.
A pioneering spirit among public educators in initiating their own professional
development in this regard may be the key to offering today’s and tomorrow’s
students the chance to cultivate the digital and information skills that will place
them on more equal footing as they move into their college years, as those who may
enjoy greater privilege of informal learning.
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Part III
Twenty-First Century Skills

Education in Schools



Chapter 6
Teachers’ Professional Development

In the previous chapters, we have identified the sets of twenty-first century skills
that are essential to learners’ education, and discussed how their development of
such skills can be scaffolded by applying various strategies, using examples from
Hong Kong, Switzerland, and the United States. This chapter marks the beginning
of the third section of the book and takes readers’ understanding of teaching
twenty-first century skills further beyond theory. It aims to guide education pro-
fessionals along the process of actualizing twenty-first century skills education in
three steps, starting with the teacher’s own acquisition of relevant skills as dis-
cussed in this chapter, followed by development of learners’ twenty-first century
skills using suitable pedagogy advocated in Chap. 7, and finally the assessment of
learner performance for evaluation and improvement in Chap. 8. This chapter
focuses on the first step toward achieving this goal—to equip teachers, mainly those
currently in service, with the ability to accomplish the mission of developing stu-
dents’ twenty-first century skills.

The world has seen rapid changes in the demand for talents in nurturing future
leaders, and fueling the necessary workforce is a major concern in the educational
field. The professional development of teachers to enhance teachers’ knowledge
and skills, has thus become a top priority. In order to effectively foster students’
development of twenty-first century skills, teachers themselves must have a good
command of these skills, and be well prepared in their own capacity to impart such
skills onto students. A quick search in the existing literature yields a less than
satisfactory result for professional development specifically designed for
twenty-first century skills teaching, especially for in-service teachers. This is a
grave issue as teachers educated and trained under the old teaching model in past
decades are neither adequately aware of nor ready with all the skills to create a
twenty-first century teaching environment for their students’ learning. The exact
areas they are weak in have not received sufficient attention in the literature either.
With the aims to provide stronger educational support to in-service teachers in their
adoption and development of new skills in twenty-first century teaching, this
chapter first highlights the skills and capacities that teachers lack, then suggests
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methods for teachers’ reference in their acquisition or strengthening of such skills to
keep themselves in line with contemporary educational development.

6.1 Skills Needed for a New Teaching Style

Well-rounded student development no longer refers only to intellectual growth, but
involves the mastery of various skills such as critical thinking, problem solving,
communication and collaboration skills (Partnership for twenty-first Century Skills
2009), as we have discussed in Chap. 2. In response to such a change, teachers need
to meet new expectations to facilitate the development of twenty-first century skills
in student-centered learning, with one prime example being the ISTE standard for
teachers (International Society for Technology in Education 2008).

Getting teachers prepared for the launch of a new twenty-first century skills
oriented teaching style is no easy task. It is proposed that most of the learning goals
of twenty-first century skills can be taught within the context of scientific inquiry or
project-based learning (Windschitl 2009) which requires teachers to be able to
engage students in self-directed strategies, to organize activities that delegate
learning decisions to students and monitor their progress, to facilitate learning
activities such as collective problem solving, and to guide students in thinking
about complex problems by giving them feedback following assessment
(Rapporteur 2010). In easing the “ambiguity” (Windschitl 2009) of such a novel
teaching model, this section aims to explore areas that teachers need to polish their
own skills in so as to effectively support the teaching of and help students develop
twenty-first century skills, namely teachers’ attitudes toward and competencies of
adopting twenty-first century skills, their pedagogical orientation and professional
identity.

6.2 Teachers’ Adoption of Twenty-First Century Skills

Those who pay attention to teacher education over the years may have noticed a
paradigm shift from a knowledge-oriented curriculum to one that stresses more the
activities and practices that bring about knowledge acquisition (Zeichner 2012;
McDonald et al. 2013). However, a considerable proportion of in-service teachers
may have been trained in more conventional ways. They may have limited exposure
to various practice-based learning approaches such as inquiry learning—the cradle
for twenty-first century skills development. Successful teacher adoption of
twenty-first century skills, for both their personal use and passing on to students,
hinges on their attitude toward, awareness of and willingness to learn and use them.
It also depends on their ease of utilizing such skills. Our discussion below shows
that, among the components of twenty-first century skills, many teachers are
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particularly lacking in information technology literacy, information literacy, media
literacy as well as digital collaboration skills. These limitations may affect their
teaching performance in leading, guiding, modeling for and probing students in
evidential explanation to help them acquire twenty-first century skills in a
student-centered and inquiry-based learning mode.

6.2.1 Information Technology Literacy

Information technology (IT) literacy is the most fundamental among the set of
digital literacies. IT literacy is the first skill teachers must acquire in order to master
all the three skills under the umbrella of digital literacy, as the search for and
organization of information is largely supported by technology nowadays, as well
as the creation and utilization of media (Barone 2012; Safar and AlKhezzi 2013).
There is an increasing trend for technology integration in the classroom, requiring
teachers to incorporate technology into their pedagogy (Kopcha 2012; Richards
2006; Wilson and Christie 2010). In particular, the Technological Pedagogical
Content Knowledge (TPACK) model put forward by Koehler and Mishra (2009) as
a framework to aid teachers in their quest to integrate technology into their teaching
is becoming widely adopted in the professional development of teachers
(Archambault and Crippen 2009; Harris and Hofer 2011; Schmidt et al. 2009).

Teachers progress through various stages of technology adoption, beginning
with being alert to the possibilities of technology implementation for both personal
purposes and letting students acquire IT literacy in their everyday learning. This
awareness eventually brings about routine utilization of technology, and with
appropriate training and support, they advance to more creative usage of technology
for teaching and learning (Christensen and Knezek 2008; Sandholtz et al. 1997). On
the bright side, recent research has reported teachers’ competence and confidence in
providing instruction using technology (Ismail et al. 2011; Kopcha 2012).
Nevertheless, teachers who have admitted facing barriers to technology integration
over the years are commonly found to be lacking in access to hardware and soft-
ware, training and support, and they often have little trust or belief in technology
(Bhalla 2012; Dawson 2008; Ertmer et al. 2012; Kopcha 2012).

Access to hardware and software is noted to be the basic criterion for technology
utilization at school. Technology infrastructure available to teachers has to be reliable
and useful to serve their purposes. If technology usage is time consuming or per-
ceived not to contribute to students’ learning process, teachers will be inclined not to
use it (Kopcha 2012). Besides, if hardware or software provided for teaching and
learning is insufficient, it is difficult to fulfill the need of facilitating student-centered
learning. In reality, compared to the past when teachers had to, for example, ask for
computers to be installed directly in classrooms (Clark 2006), technology is now
more easily accessible for teaching and learning. A survey conducted in 2010 indi-
cated that over 90 % of computers in U.S. schools are used for instructional purposes,
and that the ratio of students to instructional computers with Internet access was 3:1
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(Gray et al. 2010). While computers are more handy, the same study revealed that
students do not have ready access to mobile computers or devices, and that Internet
access in classrooms is not always reliable (Gray et al. 2010).

The definition of access can be extended from beyond the school campus to
computer and Internet access at home. It has been evidenced that teachers exhibit a
higher level of confidence in their IT skills competency if they have both
on-campus and home access to computers (Ismail et al. 2011; Kahveci et al. 2011)
and the Internet (Condie and Livingston 2007). The availability of technology
infrastructure to teachers also boosts their confidence in using IT professionally, for
example, in using word processing softwares, and saving and accessing shared files
(Ismail et al. 2011). This brings our discussion to the next point concerning atti-
tudinal issues of teachers towards IT.

Teachers’ beliefs in IT and confidence in their own IT skills are two prime
attitudinal obstacles toward effective technology integration in their teaching
(Bhalla 2012; Kopcha 2012; Ottenbreit-leftwich et al. 2010). Specific concerns that
teachers harbor include their worry that the syllabus cannot be completed on time
should computers be used in teaching and learning, and their fear that computers
may be broken, lost, or damaged during use. These two worries had the highest
ranking in the category of attitudinal challenges in the study conducted by Bhalla
(2012). Studies in the area have shown that teachers’ beliefs on IT are positively
linked to their IT practices (Ertmer et al. 2012; Ottenbreit-Leftwich et al. 2012). If
teachers feel uncomfortable with the use of technological tools or are apprehensive
that they may not be qualified to teach using IT, there are less likely to incorporate
technology into their teaching, resulting in less interaction between students and
technology.

6.2.2 Information Literacy (IL)

The rise of inquiry project-based learning places teachers in their new role of
facilitators, guiding students through the understanding and exploration of chosen
topics (Harada and Yoshina 2004). Teachers’ capacity to apply research and
problem-solving skills are required to facilitate students’ development in
inquiry-based learning. In the process of equipping themselves with knowledge on
the wide variety of topics potentially chosen by students, teachers have to organize
abundant information in and integrate different contextual materials into the cur-
riculum. After students have submitted their inquiry learning projects, teachers
often have to review and validate resources they cited in student assessments.
Precisely, inquiry teaching requires teachers to possess specific knowledge of how
to support students in developing researchable questions, planning an investigation,
collecting and interpreting data, and presenting results (Gess-Newsome and
Lederman 1999).

The issues concerning teachers’ IL skills commence with the pivotal question of
teachers’ understanding of the term IL. In a research study conducted by Probert
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(2009), it is found that the two-thirds of New Zealand teachers who participated in
the survey demonstrated limited or no understanding of IL, judged by the way they
defined an information literate person. These teachers could only give general and
vague descriptions that loosely define IL. There was also a misconception that IL
skills are the same as ICT skills. This finding is echoed by a similar study involving
500 high school teachers in Greece (Korobili et al. 2011), in which the notion of IL
was observed to be poorly understood, and often mixed up with computer literacy.
Teachers even falsely conceptualized the computer literacy training they attended as
IL training. Little improvement is seen in a more recent study, in which respondents
were still unfamiliar with the term (Smith 2013). In Smith’s study, respondents
gave inconsistent definitions of IL, ranging from something as broad as an
all-encompassing set of literacy and relevant information skills to a definition as
narrow as the ability to find information.

There are also problems found in teaching information literacy to students.
Overall, teachers find it difficult to align the development, delivery, and assessment
of IL instruction to their existing curriculum objectives (Williams and Wavell 2007;
Smith 2013). Some teachers may have received training on information processing
models—models that divide the process of seeking information into manageable
stages, starting from identifying questions to locating information sources, as well as
the stages of information evaluation and management (Probert 2009). However,
these models were rarely used, and in cases where teachers claimed to apply such
models in class, they were unfamiliar with the stages of the model, or have mistaken
irrelevant techniques as an information processing model (Probert 2009). Some
teachers also exhibited a low level of confidence in deciding on teaching topics, the
first step of many information processing models (Gawith 1988; Australian School
Library Association 2001), as they tend to seek clarification on the finer details of the
topic requirements in their initial preparation (Merchant and Hepworth 2002).
Although teachers are generally confident in their own ability to retrieve information
(Korobili et al. 2011), some of them show little awareness of the need for and
benefits of engaging students in the process of information search (Merchant and
Hepworth 2002). These teachers view it as their responsibility to research into and
prepare materials for their students when learning a new topic important, thereby
reducing students’ opportunities to practice information access and use. This is
problematic as it is the teacher’s level of consciousness or awareness of IL skills
rather than their own IL level that ultimately determines students’ IL competency
(Merchant and Hepworth 2002). In the same study, students’ experience were also
suggestive of improvement needed in teachers, as they reported that they received
not much assistance in evaluating the quality and source of information gathered.

6.2.3 Media Literacy (ML)

Media education is most effective when teachers have clear expectations of stu-
dents’ media consumption habits and media awareness to be able to design a
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tailor-made media education program for their students’ maximum benefit and to
evaluate their improvement and that of the program itself (Chu et al. 2010). Since
children in the present era are exposed to media content from a much earlier stage at
a more frequent rate via the Internet and popular social media such as Facebook
(Prensky 2001), teachers may have the wrong assumption that their digital native
students are having the same level of media literacy as they do, and that the
conventional media education curriculum that worked for the teachers at their
school age still fits their students now (Buckingham 2002). This wrong estimation
of students’ media consumption habits and awareness may either waste students’
time of learning something they have already acquired or lead to an inappropriate
design and a misapplied and insufficient focus on media education (Chu et al.
2010). Teachers’ realistic understanding thus plays an influential role in students’
future development and learning outcomes. However, a survey conducted in 2010
to assess and investigate Hong Kong teachers’ understanding of and expectation
toward their students’ media literacy showed that teachers’ understanding toward
students’ media consumption habits deviated from reality and they tended to
overestimate students’ preference for online game (Chu et al. 2010). As conceived
by Burnett (2002), the discrepancy between teacher–student assumptions of media
consumption habits reflected in the survey points to the fact that local teachers are
short of the skills needed to comprehend the overall picture of their students’ media
consumption and hence not capable enough to design a media education curriculum
with the right resources and assessment methods for them.

Furthermore, ML includes one’s skillful use of media tools and sharing of
appropriate and relevant information with others (Hobbs 2010). To be competent in
ML, teachers not only have to acquire a basic level of understanding in mastering
the media tools, but also keep themselves abreast with new technologies and skills
required to maintain and promote the quality and capability of accessing infor-
mation through various media. The purpose of using media in the classroom is often
limited to one-way information presentation from the teacher to students (Keengwe
and Kang 2013). There is a perceived lack of interaction between students and
technology, in which students remain in the receiving end of the media, owing to
the predominant use of technology such as PowerPoint and video clips in teachers’
presentations. The reason behind students’ passive role in media utilization in class
is the consequence of teachers’ unfamiliarity with the software chosen for students
to create PowerPoint presentations, and their lack of skills to facilitate students’ use
of the media. This recent study shows that teachers’ ML proficiency highly influ-
ences students’ media usage, and hence their ML.

6.2.4 Collaboration Skills

In order to develop and sharpen one’s skills of collaborating with peers and
becoming a team player, one very effective way is to learn through experience—to
collaborate with fellow classmates in activities that encourage social interaction
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(Cortez et al. 2009). In the course of collaborative learning, the traditional role of
the teacher as the lecturer is replaced by that of a facilitator (Chu et al. 2012). With
this change in the teacher’s role from a knowledge deliverer to a mediator of
students’ knowledge development, new tools and pedagogies are needed to
appropriately scaffold students’ acquisition of collaboration and communication
skills.

Various kinds of software and platforms, such as blogs (Kim 2008), forums,
(Cook et al. 2014) and wikis (Chu et al. 2012) assist collaboration among teachers,
groups of students as well as between the teacher and students. In particular, there is
widespread recognition of the collaborative potential of wiki as substantiated by the
rapidly growing number of its applications in group work across disciplines and
levels of study (Caverly and Ward 2008; Chu 2010). While discussion on IT
literacy in Sect. 6.2.1 focuses on the types and frequency of software utilization,
this section about collaboration gives emphasis to the purpose for which software is
used. It appears that despite the enthusiasm expressed by scholars on wiki-assisted
collaborative learning, teachers are yet to catch up with the trend. In a study
documenting wiki usage in U.S. K-12 schools (Reich et al. 2012), only a meager
1 % percent of wikis served as a tool for students’ collaborative projects. This
finding contrasted with the statistics indicating that 21 % of the teachers reported
requiring their students to contribute to blogs or wikis (Gray et al. 2010).
Juxtaposing this with two other discoveries in Reich et al.’s study that 25 % of
wikis were used in individual student assignments which involved minimal col-
laboration and that 34 % of wikis were merely used for delivery of teaching
materials, it seems to be obvious that teachers to date may not have fully com-
prehended and maximized the potential of wikis in facilitating student
collaboration.

After taking the first step to adopt collaborative tools in teaching and learning, it
is imperative that teachers take the necessary measures to ensure sufficient and
effective communication among students on the chosen collaborative platform.
Without the teacher’s timely support and mediation, collaboration requires a lot
more effort and becomes time consuming, leading to failure in task completion
(Rummel and Spada 2005). But as students advance in their collaboration skills,
they gradually require less guidance to complete their assigned group work. In
order to design collaborative learning activities most suited to students’ experience
and level, teachers should be able to observe and judge the levels of student
ownership of the inquiry mode, as Heick (2013) has termed, and decide on the
degree of freedom to be given to students in terms of the research question to be set,
study methods, data collection, choice of presentation, and collaboration tools.

To integrate twenty-first century skills into the current teaching content, teachers
have to be open to ongoing professional development. It does not suffice for
teachers to only focus on routine practice of instruction in their respective class-
rooms and disregard other teachers. In addition to keeping track of their own
professional learning, it is beneficial that teachers share their knowledge with
colleagues in a community of practice, engage in reflections of their own teaching,
are ready to take risks and foster trust within the community of practice (Law et al.
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2008). Scholars have proposed that such a relationship among teachers can be built
with the assistance of technology and collaboration with other educators. Riel and
Becker (2008) have shown that teachers who adopt a leadership role are more likely
to use technology in creative ways than other teachers. Voogt (2010) has found that
teachers who work more closely with their counterparts are more professionally
engaged than teachers who have a traditional pedagogical orientation. Similarly,
Drent and Meelissen (2008) have observed that teachers, who use technology in
twenty-first century learning settings, are more likely to enact the educational
change that is needed in moving in this teaching direction.

Teachers should mentally prepare themselves for adopting twenty-first century
teaching skills prior to actual changes, so as to professionally identify and engage in
corresponding teaching roles with the use of technology and collaborative networks.
Teachers’ willingness to collaborate with one another is also rather heavily influ-
enced by the school culture. It has been shown there is a positive correlation between
teacher collaboration with and the support they receive from the school. For cases in
which resources, in terms of time and training, are not sufficient for the development
of collaborative relationships, teachers are more inclined to center their attention on
their individual work and less prepared to increase their workload to reach out and
collaborate (Leithwood et al. 2000; Little 2003). Besides, it is essential that teachers
and administrators in the school share common goals and values in their work.
School principals can foster a school climate that promotes professional learning, by
employing strategies such as attending to the school’s specific priorities (e.g.,
financial or structural), cultivating shared values and flexibility among staff mem-
bers, and building a culture of collaboration (Drago-Severson 2012).

6.3 Acquisition of Twenty-First Century Teaching Skills

After reviewing the components of twenty-first century skills that teachers should
possess for their own use and for them to pass on to students, we explore ways of
getting teachers to process, understand, and internalize these necessary skills for
modern teaching and learning. Section 6.3 recommends tools and resources that
teachers may find useful in designing learning activities that facilitate both teachers’
and in turn students’ acquisition of twenty-first century skills. This section takes one
more step forward and suggests that schools adopt professional development
strategies to maximize teachers’ potential in cultivating students’ twenty-first cen-
tury skills.

6.3.1 Twenty-First Century Skills Standards for Teachers

Teachers may use various frameworks developed for twenty-first century skills
education (see Chap. 2) as reference. All standards describe what a twenty-first
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century student should be capable of doing, from which teachers can develop
teaching strategies that facilitate the learning process. Specifically, the ISTE NETS
for teachers puts forward the following abilities required of teachers in order to
effectively teach twenty-first century skills:

1. To Facilitate and Inspire Student Learning and Creativity: Teachers use their
knowledge of subject matter, teaching and learning, and technology to facilitate
experiences that advance student learning, creativity and innovation in both
face-to-face and virtual environments.

2. To Design and Develop Digital-Age Learning Experiences and Assessments:
Teachers design, develop, and evaluate authentic learning experiences and
assessment incorporating contemporary tools as well as resources to maximize
content learning in context and to develop the knowledge, skills and attitudes
identified in the NETS•S (National Educational Technology Standards for
Students).

3. To Model Digital-Age Work and Learning: Teachers exhibit knowledge, skills,
and work processes representative of an innovative professional in a global and
digital society.

4. To Promote and Model Digital Citizenship and Responsibility: Teachers
understand local and global societal issues and responsibilities in an evolving
digital culture and exhibit legal and ethical behavior in their professional
practices.

5. To Engage in Professional Growth and Leadership: Teachers continuously
enrich their professional practice, model lifelong learning, and exhibit leadership
in their school and professional community by promoting and demonstrating the
effective use of digital tools and resources (ISTE NETS Standards for Teachers
2008).

6.3.2 Strategies to Develop Teachers’ Twenty-First
Century Skills

After introducing three tools that teachers may use to improve their own twenty-first
century skills and those of their students, we come to the section that discusses the
strategies through which teachers can develop such skills or to learn how to utilize
the above tools.

6.3.2.1 Collaborative Inquiry

The ultimate aim of teacher professional development is to improve teaching
practice. In this regard, inquiry learning is often recognized as a way of encouraging
shifts in teaching practice in terms of self-improvement and classroom behavior
(Bray 2002; Hughes and Ooms 2004). Inquiry-based professional development is
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no different from inquiry-based projects undertaken by students: teachers are
required to draw on resources from the literature and experience of their own or
their colleagues to guide inquiry in a sustained and reflective manner (Butler and
Schnellert 2012), and such inquiries are carried out over a period of time (Dede
et al. 2008). This feature makes inquiry programs superior to workshops and
seminars, as the latter are usually not coherent and lack the depth to provide
ongoing support for implementation of new pedagogies (Sandholtz 2002; Hughes
and Ooms 2004). In the inquiry, teachers may address common issues of teaching
and learning to sustain educational reforms, and then collectively come up with
solutions to the concerns identified (Deni and Malakolunthu 2013).

One benefit of teachers’ collaborative inquiry efforts is their increased attempts
to problem-solve (Deni and Malakolunthu 2013). Through teachers’ concerted
effort, they engage in conversations that examine the causes and impact of
instructional problems, such as classroom dynamics, student and teacher conduct.
Teachers’ patterns of thinking are progressively oriented toward problem solving,
with discussions and diagnostic viewpoints supported by examples and evidence,
which lead to new angles and possibilities to solve problems. Having gained
first-hand experience in collaborative inquiry, teachers can evaluate their perfor-
mance and pass on relevant skills and knowledge to their students, as various
inquiry cycles have shown (Butler and Schnellert 2012; Nelson and Slavit 2008).

Through identifying the purpose and topic of investigation, teachers in the same
inquiry group agree on common initiatives for participation, a key source of
motivation that accounts for the success of inquiry programs (Hughes and Ooms
2004). Inquiry programs provide opportunities for teachers to work together with
their colleagues, allowing teachers who normally teach individually to interact with
others at work and stimulate one another to reflect on their teaching practice
(Sandholtz 2002). Empirical evidence has shed light on collaboration of this nature
improving working relationships among colleagues (Bray 2002).

Support for teacher inquiry programs is essential to facilitate fruitful professional
development. Both the support for the collaborative inquiry process and for an
inquiry environment are highly relevant in this case (Nelson and Slavit 2008). The
former refers to facilitative processes that create room for teachers to discuss their
inquiry path and progress along an inquiry cycle, for example through the adoption
of protocols to structure collaborative data analysis. These measures may strengthen
teachers’ abilities to challenge existing beliefs with a critical eye. The latter involves
reinforcement from external stakeholders such as school, district or state initiatives,
and established norms of collaboration or experts invited from outside the school.
Forming partnerships with universities is one pragmatic way of obtaining such
support for teacher development, as discussed in the following section.

6.3.2.2 Partnering with Universities

Schools and universities often join hands in the quest of developing teachers’
twenty-first century skills. Collaboration of this type may be organized in different
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forms. Smaller scale, subject-specific activities may be more suited to projects with
less funding, while this is also possible for a series of professional development
events aiming for ongoing critical reflection on challenging contents (Sandholtz
2001). Such kind of collaboration is mutually beneficial. Academic researchers play
a leading role in the integration of theory and practice by offering their expertise on
theoretical knowledge so that teachers may refine their practical skills (Baumfield
and Butterworth 2007). Theoretical knowledge, however, is not exclusive to uni-
versity academics. In fact, teachers are recognized for their intellectual leadership
capacity too and make huge contributions as teacher researchers (Zeichner 2003).
With solid frontline experience, teacher researchers have the power to redefine and
transform existing understanding on teaching and learning (Baumfield and
Butterworth 2007), which is valuable information for the research of university
staff.

The target participants of partnership programs between schools and universities
are not limited to teachers and university academics. Many activities have a primary
purpose beyond teachers’ professional development. Notably, students are often
included in these partnership studies (Sandholtz 2001). For example, a study on
upper primary four students’ media awareness (Chu et al. 2010) investigates both
teachers’ understanding on their students’ media literacy, and students’ evaluation
of their own media awareness. Within the study, teachers took part in an intro-
ductory workshop on media education that encouraged incorporation of media use
into the curriculum. They were asked at the end of the workshop to predict their
students’ media awareness and media use patterns by completing a questionnaire.
The students filled in the same questionnaire, and the results were compared to the
teachers’ prediction. Teachers’ lack of knowledge of students’ media awareness
revealed a potential research direction on professional development that targeted at
deepening teachers’ understanding of students’ media literacy. The findings also
alerted teachers to the need to pay attention to students’ media usage and to design
pedagogies that best facilitate students’ twenty-first century skills building.

Another example of school-university partnership is the Globaloria Program
devised for both students and educators to engage in social and collaborative game
design and construction using open source Web 2.0 platforms so as to boost their
proficiency in higher order skills and concepts needed for twenty-first century
citizens (Whitehouse et al. 2009). A set of 6 contemporary learning abilities for
teacher professional development was developed, incorporating twenty-first century
skill components including collaboration, creativity, information literacy, infor-
mation technology literacy, and media literacy. This set of contemporary learning
abilities was arrived at based on the researchers’ empirical observations, and is
useful for further research, as well as application by teachers and students.

6.3.2.3 Formal Training Courses

Formally structured courses are organized, often by higher education institutes, to
serve the purpose of enhancing teachers’ capacity to adapt to changes required in
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twenty-first century teaching. By these courses, we refer not to short, one-off
workshops or seminars without follow ups which do not suffice to cast a
long-lasting impact on teaching and learning (Hughes and Ooms 2004). We rec-
ommend courses that may address various aspects of twenty-first century skills, and
that are held over a period of time to allow teachers the time needed to digest what
they have learnt. Such courses include university-organized in-service professional
development programs for teachers, for example, courses exploring task-based
learning making use of portfolio development (Liu 2011) and courses instructing
teachers how to integrate the technique of digital storytelling into the classroom
(Chung 2006). These courses guide teachers step-by-step through the process of
implementing the pedagogy, providing them with the necessary knowledge and
skills, as well as chances to share them with colleagues at work.

6.3.2.4 Teacher Communities

Peer support in the form of the teacher communities is another way to engage
teachers in the professional development of twenty-first century skills. In teacher
communities, teachers with common goals in areas such as teaching and problem
solving can exchange ideas on classroom practice and student learning, develop and
share teaching materials, observe one another teach when possible, and offer advice
that helps members of the community learn new ways of teaching (Lomos et al.
2011; Little 2012). Most professional communities focus on the concept that col-
laboration among teachers promotes teacher learning, which in turn improves their
teaching and student learning (Levine 2010).

There are many types of teacher communities, such as inquiry communities,
teacher professional communities and communities of practice, each with a slightly
different focus. Teachers in inquiry communities conduct systemic inquiry with
colleagues to enhance teaching and learning in schools. Through protocol-guided
discussions and identifying previously unexamined teaching gaps, tacit knowledge
is made explicit (Levine 2010), urging teachers to formulate questions and develop
tools that in the end lead to long-term change in their teaching practice (Levine
2010; Nelson and Slavit 2008). The success of teacher communities however
depends heavily on teachers’ willingness to openly share and discuss their teaching
dilemmas and uncertainties with one another (Little 2012), which in general
strengthens teachers’ ability to collaborate, in addition to gaining insights via
discussions.

6.3.3 Tools for Twenty-First Century Skills Development

This section aims to broaden teachers’ repertoire of education technology for their
own professional development and for application in class. Some tools specifically
target one component of twenty-first century skills; the citation machine, for
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example, helps heighten information literacy. Other tools can be applied to assist in
the development of multiple competencies, for instance, social media facilitates
communication as well as collaboration, while the ability to use the platform itself
requires ML and IT literacy. Depending on the demands of the situation, teachers
may consider using one or a combination of the following tools.

6.3.3.1 Information Literacy: Citation Guides and Citation Machines

The awareness for ethical use of sources and the ability to properly cite them is one
of the aspects that students were found weak in Yeung et al. (2012). The problem of
plagiarism is more common in second-language writing due to students’ lower
proficiency in the language (Pecorari 2003). Owing to the lack of practice, teachers
themselves may not be familiar with systems available to deal with plagiarism.

A big milestone towards ethical use of sources is to be able to identify what
constitutes plagiarism, as the main cause behind plagiarism is students not under-
standing citation rules and produce proper citations (Wilholt 1994; Landau et al.
2002). For this purpose, teachers may consult publishing manuals for various
citation styles, like the APA style (APA 2001) for subjects or projects related to
humanities. Admittedly, these publishing manuals may be too detailed for learners
at primary or even secondary school levels. Nevertheless, they are the authoritative
sources to refer to in case any questions arise. For convenience and easy com-
prehension, teachers may turn to the vast collection of online citation guides such as
the official websites of individual citation styles and webpages written by univer-
sities. These websites provide a well-catalogd list of citation rules which teachers
may adapt for their own classroom use. While students in primary and secondary
school may have limited access to academic journals, sources such as newspapers
and webpages are very often freely accessible and commonly used in their inquiry
projects. The introduction to citation rules also offers a precious opportunity to
acquaint students with the wide variety of sources they can use for their own
information search.

Once students have grasped a basic idea of the methods of basic citations,
teachers can assign inquiry-based tasks to students, either individual or group tasks,
for them to practice and improve their citation techniques by learning to paraphrase,
quote, and cite sources. Through practice students can gain experience in doing
citations and advance their information literacy skills (Chu et al. 2010; Siu et al.
2014). In the process, citation machines and plagiarism checking software are tools
that may guide students in combatting plagiarism. A citation machine generates
citations in the chosen citation style. At the beginning stage of learning how to cite,
one often makes mistakes in the citation format required. Using a citation machine
helps avoid plagiarism one may not be aware of, and at the same time see examples
of how sources are properly acknowledged (Siu et al. 2014). Teachers may first
familiarize themselves with the operation of the software, then demonstrate how to
use it in students’ inquiry tasks. Apart from the citation format, other common types
of plagiarism include inability to paraphrase and even direct copying of sources
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(Siu et al. 2014). Citation checking websites thus serve as gatekeepers to check
whether students have committed plagiarism. There are many websites that perform
this function free of charge, and have a capacity sufficiently large for checking
primary and secondary level work. By requiring students to submit their drafts for
checking, teachers can monitor students’ progress based on the evaluation report
generated by the website, and decide how much more guidance students require to
complete the task. With a large database and computed program, these websites
check plagiarism more efficiently than manual evaluation, allowing teachers more
time to give feedback and advice. Students also benefit from using citation checking
websites. As the report denotes any act of intended or unintended plagiarism, they
gain first-hand experience of correcting improper citations by revising their drafts
before submission of the final version (Siu et al. 2014).

6.3.3.2 Information Technology Literacy and Media Literacy:
Digital Storytelling

Digital storytelling incorporates multimedia elements such as images, audio- and
video-files in the art of telling stories. This exercise aims to present information on a
specific topic, usually revolving around a selected theme and often narrated from a
particular viewpoint (Robin 2006). Digital stories produced for educational pur-
poses can be categorized into three large groups, namely personal narratives of
one’s life events (Kajder 2004), historical documentaries that examine past events
(Klaebe et al. 2007), and informative or instructive stories about concepts or
practices (Andrews et al. 2009).

Both teachers and students may experience gains from the application of digital
storytelling. It acts as an alternative instructional tool to PowerPoint presentations
(Dogan and Robin 2008). So teachers may make good use of the multimedia nature
of digital stories to capture students’ attention, stimulate their interest in the topic
(Burmark 2004), and as an entry point to bridge the transition from existing
knowledge to the creation of new ideas (Kajder and Swenson 2004). With the help
of digital storytelling, teachers may also help students envision and decipher the
meaning of abstract texts (Kajder and Swenson 2004). This technique may have a
similar effect on teachers—teachers have used digital storytelling not only in the
classroom but also in cross-curriculum sharing with fellow teachers (Dogan and
Robin 2008).

Other than being an instructional tool, digital stories may be used by students. In
fact, digital stories are more frequently created by students than teachers, for
example in making video yearbooks, field trip reports, and inquiry project pre-
sentations for various subjects (Dogan and Robin 2008). Students are motivated to
participate in the making of digital stories, as they enjoy less academic and more
creative forms of coursework (Dogan and Robin 2008; Sadik 2008). Digital sto-
rytelling can therefore be incorporated into the curriculum as a part of inquiry-based
group projects, giving students ample opportunities to practice various twenty-first
century skills. Students enhance their information literacy through performing a
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search for information, images, and audio clips, become more competent in
information technology skills after using software to edit photos or other multi-
media components, as well as strengthen their media literacy as they put together
the final product. The projects also provide meaningful opportunities for students to
collaborate, and to think critically and creatively (Sadik 2008).

Just like other forms of inquiry-based learning, students require and benefit from
teachers’ assistance throughout the project. As digital storytelling involves the use
of more information technology applications, the need for technical support is
especially vital. Teachers may recommend different kinds of software for photo
editing, sound editing and video editing etc., and demonstrate to students how to
use these applications. Guidance in sketching the storyboard and writing the script
may also be necessary, since a good digital story includes not only interesting ideas
but also a thorough plan that considers all text, graphic, and sound components
(Chung 2006).

6.3.3.3 Collaboration: Social Media

Scholars generally agree that social media functions as tools to connect with people
through on-site communication in order to foster and maintain relationships, and
establish communities of similar interest at ease (Trautschold et al. 2011; Boyd and
Ellison 2008; Mayfield 2008). At present, there are numerous forms of social media
enthusiastically accepted by the public. To name but one example, Facebook is a
composite site for text and multimedia sharing. There are of course other multi-
media sharing platforms such as Flickr, Instagram, and Youtube, as well as
information-oriented social media like PBWorks and wikis.

It has been argued that the potential of social media in education has not been
fully exploited (Chen and Bryer 2012) as it is primarily used for personal com-
munication (Coyle and Vaughn 2008). There are five characteristics that distinguish
social media from other forms of media, and make it suitable for both formal and
informal learning. They are: user-generated content, prosumer, co-creation, sharing,
and community. These affordances of social media make the media a user-friendly
platform for teachers to collaborate. In fact, teachers have already been making use
of wikis for resource sharing. Wikis created for this purpose occupy the highest
percentage (40 %) among educational wikis in the U.S. (Reich et al. 2012). These
wikis are unfortunately very often inactive ones with few and infrequent updates.
To ensure the quality of wiki, one method is to promote its function as an online
community for teacher professional development, co-created by fellow teachers.
Wiki is acknowledged for its advantage over didactic forms of teacher instruction as
it enables teachers to address the complexities of an actual classroom situation and
to take ownership of their pedagogical ideas. If its capacity is fully utilized, it
facilitates peer exchange of ideas as well as the sharing of experience and chal-
lenges (Foley and Chang 2008).

The ultimate goal of teacher development is to equip teachers with the necessary
knowledge and skills that can enhance student learning. Wiki is equally, if not
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more, applicable in student collaborative projects. Students hold a positive attitude
toward wiki-assisted collaboration and their motivation to participate in group work
is often seen to be boosted. Those who are more capable offer explanations to their
less capable groupmates, and the help-seekers play an active role in interpreting the
explanations received (Woo et al. 2011; Lui et al. 2014). In addition to attitudinal
benefits, wiki has been proven to effectively facilitate group work by breaking
down geographical and temporal barriers during collaboration. Students can con-
tribute to the wiki contents regardless of time and venue (Woo et al. 2011).

6.4 Conclusion

In order to successfully implement twenty-first century skills pedagogies, teachers
are adviced to first acquire the various components of twenty-first century skills so
as to be able to freely deploy the most appropriate pedagogies in teaching and
learning. We have identified in this chapter the twenty-first century skill compo-
nents that teachers are relatively weak in, namely information literacy, information
technology literacy, media literacy, and digital collaboration skills. Before mas-
tering these skills, it may be immature to expect teachers to guide students through
twenty-first century skills learning activities as many of these activities call for a
wide range of skill components. Selected tools that may be useful in supporting
twenty-first century pedagogies need to be introduced, each targeting one or more
skill components. Citation guides and citation machines are effective in promoting
ethical use of sources, and this is one important element of information literacy.
Digital storytelling provides teachers and students with valuable chances to practice
information technology skills and improve media literacy. The effect of social
media in facilitating collaboration is also shown to be widely recognized. Finally,
strategies that help teachers acquire twenty-first century skills are discussed.
Teachers may consider participating in collaborative inquiry to gain first-hand
experience of this pedagogy, partner with universities to benefit from the expertise
of university academics and engage in teacher communities for peer support.
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Chapter 7
Guides and Suggestions for Classroom
Implementation

This chapter offers pragmatic and pedagogical design recommendations for carry-
ing out inquiry-based learning interventions to inculcate twenty-first century skills
in young people. Suggestions made in this chapter center on the inquiry
project-based learning (inquiry PjBL) protocol described by Chu et al. (2012b) as
well as some other similar models currently in practice. This chapter brings to the
fore particular roles that are expected of teachers who adopt such an approach, and
presents case studies of specific activities used at a variety of grade levels and in
different subject domains. Timetables are provided to illustrate possible scope and
sequence details, highlighting the functions of collaborating teachers and school
librarians. While several other pedagogies are addressed in the book, the general
principles of this chapter as applied to Chu et al.’s protocol may be adapted. Areas
that may be modified by educators, considering variation in one’s given imple-
mentation context, will also be discussed. This chapter aims to lay out guidelines
that can be directly applied by those who wish to try out such models in their own
environments.

7.1 Step-by-Step Guide to the Implementation of Inquiry
PjBL in the Classroom

There are five main considerations for teachers who wish to initiate a trial practice
of inquiry group PjBL at school, namely, teachers’ readiness, students’ readiness,
the inquiry design process, implementation strategies, and assessment mechanisms.
These aspects must be carefully planned and reviewed—with a focus on the need to
take into account contextual demands and hence school-based modifications—for
the implementation to be successful, and for the stated learning goals and objectives
to be met.

© Springer Science+Business Media Singapore 2017
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7.1.1 Teachers’ Readiness

Nothing is more important than a teacher’s readiness and confidence when trying
out a new initiative in education. While the concept of inquiry-based learning
stresses the role of teachers as facilitators rather than instructors, it is critical that
teachers understand that facilitation does not mean adoption of a laissez-faire
hands-off approach. Inquiry-based learning can be equated to student-centered
learning. If anything, this technique requires teachers to be even more familiar with
their individual students’ levels of learning and needs in order to contextualize
instructions in their appropriate zone of proximal development (Vygotsky 1978).
Teaching skills in relation to counseling and coaching, facilitation, co-learning, and
teaming with colleagues are essential in guiding students in their learning process
(Harada et al. 2008). Through professional training, teachers can acquire these sets
of skills needed for introducing inquiry-based learning projects to their students.
Related discussions and suggestions on professional development and training
activities have been addressed in Chap. 6.

7.1.1.1 Pre-class Collaboration with Colleagues

Inquiry-based learning strongly emphasizes collaboration among teachers, school
librarians and other members of the instructional team, all of whom contribute in
their respective areas of expertise (Chu 2009; Crawford et al. 2005; Harada and
Yoshina 2004; Harada et al. 2008; Kuhlthau et al. 2007; Paechter 1995). Studies
have shown that the impact of project-based learning can be enhanced by effective
teacher collaboration. Favorable outcomes include overall improvement in student
achievement, less disruptive student behavior, decreased numbers of referrals due to
behavioral problems, less paperwork for teachers, and more students meeting the
criteria for gifted and talented education services (Schwab Learning 2003). With
project-based learning, teachers have also been observed to be better prepared to
meet the needs of students from diverse backgrounds (Thousand et al. 2006). For
example, in Kuhlthau’s Guided Inquiry approach, having a three-member core team
plan and supervising the inquiry is recommended, with an extended team of other
experts joining when they are needed (Kuhlthau and Maniotes 2010). Five kinds of
learning in the inquiry process are given emphasis, as listed below (Table 7.1).

Case study scenarios are presented, considering role-taking in flexible teams, for
both a core team comprising the school librarian and two subject teachers, and for
an extended team of outside experts, as Table 7.2 shows.

Table 7.3 displays the various responsibilities of the team members in one of
their case study examples. While X1 represents a primary area of focus (e.g.,
observation, note taking and assessing), X2 represents a second area. In the study,
all team members worked together to monitor students’ learning process. Their
documented observations of students’ growth and development were discussed at
team meetings. The Reading Specialist or Classroom Teacher (appropriate to an
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elementary school) may be interchanged with other kinds of subject matter experts
such as a Social Studies teacher and a Science teacher at middle school or high
school level, depending on the target student population (Kuhlthau and Maniotes
2010).

The basic principles of collaborative team teaching sourced from Kuhlthau
et al.’s (2010) Guided Inquiry model emphasize close coordination of team
members from the very early stages of intervention, to yield effective inquiry PjBL.

Table 7.1 Five kinds of learning in the inquiry process (adopted from Kuhlthau and Maniotes
2010)

Key learning areas Skills

Curriculum content Gaining knowledge, interpreting, and synthesizing

Information literacy Locating, evaluating, and using information

Learning how to
learn

Initiating, selecting, exploring, focusing, collecting, presenting and
reflecting

Literacy competence Reading, writing, speaking, listening, and viewing

Social skills Cooperating, collaborating, flexibility, and persistence

Table 7.2 Flexible teams (adopted from Kuhlthau and Maniotes 2010)

What? Who? How? When?

Core team Librarian, Subject
Area Teacher + 1
+1 = learning
specialist: gifted,
learning disabilities,
etc.

Flexible depending on
• Unit/curricular needs
• Students’ interest
• Learning needs
Focus on five kinds of
learning
Assess all levels of learning

From beginning of
planning (conception) to
final reflection (completion)

Extended
team

Experts on learning
Experts on content

Assist with literacy needs,
learning needs and
differentiation
Museum, local/community,
wider community—
Internet-based, university

Dipping in and out as
needed throughout the
inquiry process

Table 7.3 Instructional team task (adopted from Kuhlthau and Maniotes 2010)

5 Kinds of learning School
librarian

Reading
specialist

Classroom
teacher

Science content X1

Information literacy X1

How to learn (information search
process)

X1

Literacy X1 X1

Social skills X2 X2 X2
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The formation of a strong instructional team starts with the selection of its team
members. The team then needs to align members’ expectations, and decide on the
key learning objectives and learning outcomes (Harada et al. 2008; Kuhlthau et al.
2007). It is advisable that the responsibilities of each member be clearly defined to
avoid overlaps or gaps in delivering knowledge or skills to students (Chu et al.
2012a; Harada and Yoshina 2004; Kuhlthau et al. 2007).

The next step is to identify areas of collaboration (Harada and Yoshina 2004).
For example, the school librarian may teach students how to conduct an information
search on the topic assigned by the subject teacher who has already offered some
up-front instruction. Once roles are established, teachers can start designing the
curriculum and, on this basis, devising activity outlines and assignments. Teachers
of different subjects may contribute to the decision of method and timing of the
delivery as well as the form of the assignment in various subjects (Chu 2009;
Harada and Yoshina 2004; Kuhlthau et al. 2007; Paechter 1995). The teaching
schedule and subsequent evaluation processes could be set afterwards (Chu et al.
2012a; Harada et al. 2008).

These team-based approaches require ongoing communication among the edu-
cators involved, and may include face-to-face planning sessions, coordinating
phone calls, emails, use of shared learning management system platforms that may
be in place at school, and even text messaging among the parties, for basic logistics.
Shared understanding of learning goals and objectives, and keeping oneself abreast
with and “in sync” on the instructional progress is key to close team-based com-
munication. Nevertheless, certain in situ changes and modifications are often nec-
essary, quite common, and to be expected. (Kuhlthau and Maniotes 2010).

7.1.2 Students’ Readiness

When teachers’ readiness for the implementation of inquiry-based learning is
ensured, the team can then find ways to guarantee that students are prepared for the
challenge. Research findings have suggested that the learning design may present
students with a moderate degree of challenge if effective learning is to be sought
(Sousa 2001; Wolfe 2001), and so refraining from presenting materials too far
beyond students’ level, which may result in confusion and frustration (Byrnes
1996), is believed to be helpful.

Scholars generally propose a gradual step-up in the complexity of inquiry
learning tasks. Students’ knowledge and understanding of relevant
information-seeking concepts and principles should be periodically assessed and
inventoried, while taking into consideration their social, affective and metacognitive
needs. Available instruments include Arnone et al.’s (2009, 2010) diagnostic sur-
veys, which measure students’ self-efficacy and prior motivation as predictors for
success. These surveys can be administered before and after the delivery of the
intervention, and can be used to identify students who may need extra attention.
Teachers should also consider students’ experience in resource management and
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their information literacy skills (Harada et al. 2008). Based on students’ mastery in
these domains, teachers can decide which mode of inquiry to adopt. Heick (2013)
advocates an inquiry framework grounded on the levels of student agency, in which
students, as they advance in their acquisition of relevant knowledge and skills, are
allowed increasing freedom in their choice of research questions, study methods,
data collection and analysis processes, and presentation mode. Educators must be
well aware of students’ existing expertise, given that novices require more struc-
tured learning experiences. As facilitators to the inquiry, educators will need to
personalize instruction as much as possible to ensure potentially more successful
learning outcomes.

7.1.3 Inquiry Design Process

In addition to taking appropriate steps to make sure that both teachers and students
are mentally and conceptually ready for inquiry-based learning, the instructional
team should carefully design the inquiry mode in order to maximize its effective-
ness. It is important to plan according to curriculum expectations and students’
ability (Byrnes 1996; Tomlinson et al. 2003). As this guided project-based inquiry
learning approach spans across a period of time, each lesson or session must be
developed in advance and reviewed regularly to ascertain that the learning process
is well-paced.

Kuhlthau et al.’s (2012) eight-step guided inquiry design (GID) process is
particularly useful in illuminating teachers on what actions to take when carrying
out guided inquiry at school. Although their framework is theoretical in nature,
when combined with Harada’s examples of project-based learning design (Harada
and Yoshina 2004; Harada et al. 2008), it becomes a very practical guide to
teachers. Below is a table which synthesizes their work, incorporating added task
suggestions (Table 7.4).

As different projects may have diversified subject matter and information/digital
literacy learning objectives, the length of the projects will vary. Some projects may
have a duration as short as 2 weeks (Gibson and Chase 2002) while others may last
for months (Chu et al. 2008; Chu et al. 2012a).

Factors and contingencies that can be adjusted and fine-tuned include

• Students’ grade level and cognitive/affective/behavioral capacities
• Findings of the up-front diagnostic needs inventory (e.g., surveys such as those

developed by Arnone et al. 2009, 2010)
• The timeline and duration of the project in the block schedule, or even after

school
• The project’s content-based learning goals—considering the nature and scope of

the inquiry topic and its relationship with core curricular standards and class-
room learning goals

• Appropriate allocation of time needed for information literacy expertise
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Table 7.4 Eight-step design process for “guided project-based inquiry” (a synthesis of Kuhlthau
et al.’s GID model (2012) and Harada et al.’s (2008) and this book’s authors’ recommendations)

Learning goal Instructor’s task Student performance task

Stage One: Opening
• Introducing the project
• Setting the scene and
direction

• Arousing students’
curiosity

• Establishing the topic
domain

• To introduce the project
goals

• To introduce a broad topic
• To arouse students’
curiosity

• To facilitate student
interaction and clarify
misconceptions

• To interact with the
educator to develop a
shared understanding of
the project and its goals,
and the primary topic
domain

• To collaborate with peers
in addressing the given
question prompts

• To write a short reflection
individually, followed by
group sharing

Stage Two: Immersion
• Reflection on the topic
• Building of background
knowledge

• Connecting ideas to
content

• Guiding further
investigation into the issue

• To encourage student input
and questioning, and offer
perspectives that help
redirect students along
appropriate paths of
inquiry

• To acclimatize students to
available resources

• To build personal meaning
into the project through
connection with a personal
linkage

• To understand key
resources provided

• To discuss the issues and
key concepts

Stage Three: Exploration
• Allowing students to
pursue interesting ideas
through initial phase of
exploratory research and
review of resources

• To conduct library
instructional sessions on
basic research methods

• To facilitate student
interaction with resources,
creation of inquiry logs
and idea sharing with peers

• To browse information
from books, journals,
periodicals, videos and
credible websites

• To keep an inquiry log and
share ideas discovered with
the class

Stage Four: Identification
• Identification and
construction of important
inquiry questions based on
students’ background
knowledge

• Formation of groups for
further investigation into
the inquiry questions

• To guide student research
question formulation at the
individual level

• To list issues identified for
students’ selection of topic
and project group
formation

• To revisit the project goals
and next steps

• To identify issues and
share ideas by referring to
the inquiry journal and log

• To select a topic, either
individually or with 2–3
classmates and come up
with a clearly articulated
focus inquiry question

Stage Five: Searching
• To conduct research
through locating,
evaluating and using
information that leads to
creation and deeper
learning

• To teach students how to
locate, evaluate and utilize
information

• To facilitate student
interpretation and synthesis
of a wide range of
information

• To search for and record
information that is specific
to their inquiry questions,
and learn new
information-seeking skills
while doing so

(continued)
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Table 7.4 (continued)

Learning goal Instructor’s task Student performance task

• To refine and develop
research skills through the
ongoing guidance of the
school librarian

• To help students
broaden/narrow their scope
if needed, and guide them
along more fruitful paths of
inquiry

• To evaluate primary
sources collected
according to the criteria
established

• To organize and compile,
then analyze and interpret
the information, either
individually or together
with the team

Stage Six: Creating and Evaluating
• Students construct deeper
understanding through
summarizing, interpreting
and extending the
information to draw some
conclusions

• Through effective
expression of a message of
their own regarding the
topic in a creative artifact,
students demonstrate their
knowledge and learning

• To encourage students to
go beyond fact-finding and
move into deeper synthesis
and reflection

• To give feedback
accordingly

• To introduce possible
formats of presentation and
provide technical
assistance when necessary

• To develop and construct
the central message for
their artifact based on
research

• To formulate the design
and an action plan for their
presentation, and to
organize and
project-manage this work
accordingly

• To conduct regular peer
evaluations

• To submit their group’s
draft for feedback and
revision

Stage Seven: Sharing
• Students effectively
communicate and share the
product they have created
with other students and/or
a wider audience

• Students learn from one
another’s presentations
demonstrating distributed
cognition

• To give encouragement to
students who lack
confidence in and are
unfamiliar with presenting
their ideas in front of
others

• To observe, evaluate and
give constructive feedback
for student improvement

• To create opportunities for
all students to give
feedback to presenting
groups

• To draw out and compile
interesting ideas in each
presentation and discuss
them with students

• To present their findings to
the teacher and their
classmates

• To give feedback to their
peers, learn from one
another’s comments, and
self-reflect

• To participate in a
discussion for evaluation
of their own group’s
performance in the
presentation through oral
and written reflection

(continued)
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• Appropriate target audience for students’ presentations. Examples of audience
are classmates, younger or elder schoolmates, parents, teachers, external guests,
their local community or even a group of overseas visitors (Kuhlthau et al.
2012).

• The medium of the creative project presentation (e.g., a research paper, an
animated presentation, a narrated digital video, a narrated screencast of slides)

• Appropriate allocation of time as needed for building students’ technical
expertise for artifact creation

• Appropriate allocation of time for ongoing formative evaluation, feedback, and
re-drafting

• Appropriate timing and planning needed to schedule formal and/or informal
sharing of students’ final work

Ensuring feasibility and an appropriate level of challenge is central to the success
of a project. Flexible planning in the inquiry design process is encouraged too
(Anderson 2002; Harada and Yoshina 2004; McLoughlin and Oliver 2000). In a
flexible design, formative assessment plays a crucial role in determining whether
adjustments have to be made to the original teaching plan. Although there is an
“evaluation” stage at the end, it is desirable to set aside short reflection slots at the
end of each stage to allow students time to process and internalize their learning,
and discover areas of strength and weakness (Harada et al. 2008; Kuhlthau
et al. 2012). Self-reflection is a critical part in the process of inquiry learning to
motivate self-learning and monitor students’ learning progress. Assessment may
come in the form of students’ journals, teachers’ observations, peer evaluations, etc.
When teachers realize that some students are not on the right track, they need to
make changes accordingly (Harada and Yoshina 2004). For example, if teachers
observe that students may not have mastered keyword searching skills during an
exploratory information research session in the library, they can arrange for the
library media specialist to spend another session on keyword search with the

Table 7.4 (continued)

Learning goal Instructor’s task Student performance task

Stage Eight: Evaluation
• Students will receive
feedback through effective
communication with
educators, and identify
ongoing areas for
continued growth

• Students will participate in
self-assessment to more
fully internalize their areas
of strength and weakness

• To set up a conference with
each student to guide them
in their self-assessment

• To design rubrics and
self-reflection worksheets
as tools to evaluate
students’ learning progress
and assign grades for the
work

• To discuss students’
performance with the team
for the team’s own
evaluation

• To discuss with teachers
their performance
throughout the inquiry
learning process and what
they feel about it

• To complete the
self-reflection worksheets
for self-evaluation on both
the content learnt and the
learning process

138 7 Guides and Suggestions for Classroom Implementation



students (Harada and Yoshina 2004). It is through regular evaluation and careful
observation that teachers can discern patterns in students’ behavior and perfor-
mance, and make timely and appropriate changes to their teaching plans to
accommodate students’ needs and keep track of their progress. This is essential in
meeting the learning objectives of a course.

7.1.4 Strategies for Teaching and Learning

After the instructional team has put together a detailed plan of the inquiry process,
implementation is ready. Apart from the learning objectives defined by the team for
the overall project, there should be general goals to be achieved in each session in
collaboration with students. Efforts from both teachers and students have to be
exerted to meet these targets in project-based learning. Harada et al. (2008) cate-
gorized these goals in accordance with students’ rigor, relevance, relationships and
reflection—termed the 4R’s—in relation to their performance in the project, each
with examples of strategies to help students accomplish the goals. The 4R’s are
general goals that teachers should strive for in their teaching. Strategic examples
under each category comprise teacher–student interaction and sometimes cooper-
ation among fellow teachers. Kuhlthau et al. (2007) further put forward a series of
intervention strategies named the 6C’s—collaborate, converse, continue, choose,
chart and compose—to be adopted in class to facilitate student learning and to fulfill
the designated learning objectives of each session. The 6C’s focus primarily on
interventions that are potentially of use to individual teachers in guiding students’
inquiry learning. Teachers are reminded that learning activities of a different nature
require the deployment of varying combinations of strategies suited to the purpose,
and that it may not be desirable to be too ambitious to employ all the strategies in
every teaching session.

7.1.4.1 Teacher–Librarian Collaboration

The effectiveness of project-based learning can be ensured and enhanced by the joint
effort of education practitioners (Schwab Learning 2003; Thousand et al. 2006), as
discussed in Sect. 7.1.2. In particular, collaboration between teachers and librarians
in the implementation of inquiry learning has gained considerable attention in the
past decade (Chu 2009; Chu et al. 2012b; Gordon 2006; Montiel-Overall 2008).
Librarians are considered to be salient figures in developing students’ information
literacy in the regular curricula (Montiel-Overall 2008); they are referred to as the
pedagogical center of student learning (Todd 2012). Several models of collaborative
teaching highlight the cooperation between teachers and librarians, including the
Teacher and Librarian Collaboration Model (TLC Model) by Montiel-Overall
(2005) and the inquiry PjBL model by Chu (2009). Policy makers also value
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teacher–librarian partnerships. Some countries, for instance Hong Kong, attach a
high level of importance to the school library. The latest curriculum guide published
by the Education Bureau (the largest education policy maker of Hong Kong) has
devoted an entire chapter to the role of the school library. The guide (Education
Bureau 2014) stresses the significance of a strong teacher–librarian partnership and
the librarian’s role as curriculum facilitator.

The TLC Model (Montiel-Overall 2005) gives weight to aspects to which
teachers and librarians should pay particular attention in the collaboration process.
In the model, both parties work closely together to promote students’ academic
achievement. The model identifies four facets of joint effort—coordination, coop-
eration, integrated instruction and integrated curriculum. Activities in these facets
range from low-level to high-end collaborative endeavors, which require shared
thinking and planning in some cases. Specifically, while coordination hinges on
effective schedule management, cooperation involves the division of responsibili-
ties. Integrated instruction and integrated curriculum would count on the team’s
concerted effort in planning, implementing and evaluating instruction strategies in
lessons and across schools (Montiel-Overall 2005). A further examination of the
model reveals that factors such as school culture, positive attributes of the collab-
orators, communication, management and motivation are main elements that
facilitate high-end collaboration between teachers and librarians (Montiel-Overall
2008).

The inquiry PjBL model proposed by Chu et al. (2012b) comprises three types of
subject teachers, each offering expertise in their respective areas, with the support of
the school librarian. The model (shown in Fig. 3.1) is adapted for a General Studies
(GS) group project, which will be explored in the second part of the chapter.

The role of school librarians is strongly advocated by scholars worldwide. Todd
(2012) maintains that librarians function as co-teachers, and this view is supported
by the testimonials of teachers and librarians participating in his study. Todd
promotes the teaching role of school librarians as being visible and pervasive. With
the school librarian’s participation, the library becomes a pedagogical center that
provides an active and common instructional zone for the whole school. Librarians
also offer resource-centered, inquiry-based instruction that makes the library the
heart of inquiry-based learning. Librarians’ expertise in information search has been
seen to reinforce subject teachers’ instruction, apart from the provision of teacher
professional development, fostering a more solid teacher–librarian collaboration.

7.1.5 Evaluation Mechanisms

Reflection is an integral part of the entire inquiry design process (Cachia et al. 2010).
This is a stage that enables students to consolidate what they have learnt in each
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session. With reflection, teachers are able to keep track of students’ learning progress
and make the necessary modifications to better accommodate their needs (Ferrari
et al. 2009). As assessment strategies are to be discussed in detail in Chap. 8, this
section only gives a brief review of current forms and tools of assessment.

Education practitioners utilize a wide variety of tools for the purpose of
assessing student performance, including but not limited to the following examples.
A common tool used is rubrics (Crawford et al. 2005; Kishbaugh et al. 2012),
which are made up of indicators showing different levels of achievement, with each
standard covering some essential qualities that students should possess after a
certain intervention (Crawford et al., 2005). A checklist, which contains a set of
criteria, targets and desired outcomes, is often used due to its easy administration
and limited assessment time (Zohrabi et al. 2012). Learning logs can also be used as
they create an avenue for students’ self-evaluation (Lombardi 2007) of their work
matched against the learning goals set in an earlier phase of the project
(Commander and Smith 1996). Other tools include portfolio review (McMullan
2003), self-assessment (Lee and Gavine 2003) and peer review (Lombardi 2007).
These tools may be used separately or in combination, and teachers may decide
which tools to choose based on how well they reflect students’ skills in a particular
project (Walsh 2009).

7.2 Case Study on Collaborative Teaching and Inquiry
PjBL Learning

This section offers suggestions on how inquiry PjBL and English collaborative
writing using Web 2.0 (mainly wikis) can be carried out, using the example of an
intervention designed for Hong Kong students with basic prior experience in col-
laborative projects. The plan presented in the chapter is the second phase of a
two-year intervention (Chu et al. 2012b). In the first year, primary four students
(aged 9–10) involved in the study in Hong Kong were guided in developing some
essential skills for inquiry learning, such as reading and writing, and knowledge on
the use of visual forms of presentation (e.g., Microsoft Powerpoint). In the second
year, the students were introduced to social media, which is used as a platform for
their collaboration projects. In particular, a General Studies (GS) project conducted
in Chinese, the students’ first language, was completed in the first term of the
school year, followed by a wiki-based English collaborative writing project
implemented in the second term.

An integrated timetable serves as a reminder that brings out the importance of
collaborative teaching, and illustrates how teachers may operationalize their
teaching plan. The roles of various subject teachers in inquiry PjBL using a
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collaborative approach are exemplified using integrated timetables. Specific
timetables for subject teachers are shown in the chapter (see Tables 7.5 and 7.6) to
help educators visualize the learning activities associated with the teaching aims
spelled out.

7.2.1 Suggested Timetable for Collaborative Teaching
and Inquiry PjBL (Second Year of Intervention)

Upon completion of the first year of the inquiry PjBL project, it is expected that
students should be more ready to search for relevant information independently and
to present it more effectively using visual aids (e.g., Microsoft PowerPoint). Their
reading and writing, IL and ICT skills should also have been cultivated and
sharpened through collaborative teaching. In the second year, teachers are
encouraged to continue to strengthen these skills. Specifically, ICT literacy may
now include the use of wiki while language lessons may be devoted to engaging
students in group tasks in the context of collaborative writing. It is also highly likely
that GS group projects may be implemented at a greater depth, investigating a
different subject matter either in the students’ native language or even in a second
language using a broader range of information sources. Presentation of students’
work may become more sophisticated with the use of PowerPoint and different
media forms (e.g., audio and video files). With students’ growth in knowledge and
skills in other areas, the language teacher may also consider introducing collabo-
rative writing as a task or in students’ second language they are learning for further
language development.

Tables 7.5 and 7.6 below illustrate an integrated timetable for the first and
second term of teaching, respectively. In the first term, students are expected to
work on their inquiry group projects that aim to recapitulate the knowledge and
skills acquired in the first year. To support the inquiry projects, students may be
taught the basic skills of using a wiki platform. Meanwhile, they can start working
on collaborative writing in a pen and paper format to experience giving one another
peer feedback.

In the second term, students are urged to start practicing writing collaboratively
using the chosen wiki platform. Computer Studies teachers may identify a suitable
wiki or other learning management system platform for students, and acquaint
themselves and students with the management of its technical requirements.
Collaborative writing may be further supported by facilitating students’ under-
standing of the use of a wiki, which allows for synchronous and asynchronous
writing and editing to take place online. A wiki allows students to review previous
versions of their work and ways of giving constructive comments to their
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classmates; the learning experience can be designed to leverage this technical
capability. ICT skills, for instance, like understanding the navigation, editing,
concurrency, and overwrite functionalities are important foundations in successfully
doing so.

Overall, the skills that may be developed through inquiry projects throughout
one to two years include reading comprehension, writing, research, presentation,
social, communication, and ICT skills.

Table 7.7 Roles of different subject teachers and the school librarian (second year of
intervention) proposed by Chu et al. (2012b, p. 84)

Types of teachers Teachers’ Roles

GS teachers • Guide students in mastering their subject knowledge
• Facilitate students’ development of research, social,
communication and presentation skills

• Monitor students’ progress and give them constructive
feedback on their questioning skills, the credibility of their
information sources and appropriateness of their
presentation materials via assessment of their presentation
using PowerPoint or wiki

• Reinforce students’ ability to reflect by requiring them to do
a reflection on wiki upon project completion

• Foster students’ critical thinking skills via implementation
of peer evaluation

Language teachers (Chinese:
[C]; English: [E])

• Facilitate the development of students’ reading
comprehension and writing skills [C + E]

• Give students constructive feedback on their writing via
assessment of their various completed written tasks [C + E]

• Provide students with passages related to GS topics to
consolidate their understanding [E]

• Encourage students to practice collaborative writing
through group work [C + E]

Computer studies teachers • Equip students with IT skills
• Provide training on Chinese input methodsa, Excel,
PowerPoint and wiki use

• Enhance students’ presentation skills through the effective
use of presentation software (e.g., PowerPoint and Excel)

The school librarian • Facilitate students’ development of information literacy
skills (e.g., the ability to evaluate the usefulness of a piece
of information)

• Provide students with access to a variety of information
sources such as a block loan of books from public libraries,
news clips and web resources, depending on their needs

• Equip students with the knowledge of citing from different
types of sources appropriately

aChu et al.’s (2011) study showed that 9- to 10-year-old primary students’ IT skills in using
Chinese inputting methods such as Jiu Fang or simplified Cangjie were rather weak prior to the
intervention. However, their inputting skills improved through training
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7.2.2 Teachers’ Role in the Second Year of Intervention

Teachers are expected to take up the role as facilitators who mediate students’
knowledge development and foster their interest in learning by providing the
necessary scaffolding and support. Traditional didactic teaching approaches are
replaced by collaborative teaching, through which teachers of different subjects
who aim to achieve shared goals co-organize learning activities to facilitate learner
progress. Table 7.7 details the roles and responsibilities of each subject teacher in
the Chu et al. (2012b) study when implementing GS inquiry projects and English
collaborative writing supported by wiki.

It is worthy to note that the teachers’ respective roles should be in accordance
with their areas of expertise. For example, the GS teacher may wish to focus on
students’ mastery of subject knowledge as well as monitor their research and rel-
evant ICT skills if this is within the teacher’s area of expertise. The school librarian
may continue to support students in their search for relevant information from
different sources. The language teachers (both Chinese and English) may facilitate
the development of students’ reading comprehension and writing abilities. The
Computer Studies teachers may play a major role in strengthening the technical
skills students have cultivated in the first year (e.g., Chinese input methods, Excel,
PowerPoint) and train them on other skills needed to manage online wiki platforms.

7.3 Teaching Suggestions for Subject Teachers
(Second Year of Intervention)

In the previous section, concrete examples were given to illustrate how inquiry
projects can be carried out in a carefully planned and staged manner. In this section,
emphasis is placed on the responsibilities and possible teaching schedule of dif-
ferent teachers.

7.3.1 Suggested Teaching Schedule for General Studies
(GS) Teachers

GS teachers are encouraged to collaborate with Computer Studies (CS) teachers and
exchange information about students’ learning progress and project titles with them.
The GS teacher may work with the CS teacher to determine the relevant ICT skills
students need to learn to carry out their GS group projects effectively.
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In the first term, GS teachers may create opportunities for students to employ the
strategies of KWL, 5W + 1H and mind-mapping. If they have previously had the
experience of constructing mind-maps using pen and paper, they may be urged to
try to develop a more sophisticated and comprehensive mind-map using a computer
software (e.g., XMind). Groups can be formed, each consisting of students with
different kinds and levels of abilities (Cohen and Lotan 2014). Teachers are advised
to allow students to freely decide on their own research topics. At this stage,
students are expected to perform data collection and analysis independently. Upon
completion, they can present their findings and ideas on the chosen wiki platform
for comments.

In terms of evaluation, assessment for learning is strongly advocated. Teachers
may begin evaluating students’ work in progress rather than focusing only on the
final reports (Black et al. 2003). Besides quantitative feedback in the form of grades
and marks, they can provide constructive formative feedback at different stages of
students’ work, facilitating ongoing development (William 2003). Peer-evaluation
can take place too. Students may be given the chance to evaluate the work of their
peers, the process of which is expected to help them better internalize the
requirements of the task, the assessment criteria and the expectations of their
teachers, enhancing their evaluation as well as editing skills (Topping 2013)
(Tables 7.8 and 7.9).

7.3.2 Suggested Teaching Schedule for English Teachers

To promote collaborative writing among primary school students, teachers are
encouraged to (1) respond to their work as interested readers (White and Arndt
1991), (2) facilitate their autonomous learning through self- and peer-evaluation,
(3) guide them in giving constructive feedback to their peers, (4) maximize
whole-group participation and cooperation, and (5) provide them with quality
formative feedback in the process as well as evaluate their overall performance in
accordance with the stated assessment criteria.

Peer-evaluation and teachers’ assessment are complementary in nature.
However, it is recommended that teacher feedback come after peer-evaluation to
avoid students’ reliance on teachers’ input. Evaluations may address three key
aspects: content, organization and language. Aside from assessing students’ work,
teachers are also advised to review their peer-evaluations and provide the necessary
additional feedback to help them value the importance of giving constructive and
specific comments to one another and be reassured of the content of their own
comments (Tables 7.10, 7.11, 7.12 and 7.13).
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Table 7.8 Suggested teaching schedule for General Studies teachers, extracted from Chu et al.
(2012b, p. 87)

Session Theme Learning activities

1 KWL
5W + 1H
Mind-mapping

• Highlight the impact of KWL (What do I Know?, What do
I Want to know?, What did I Learn?) using worksheets.
Students can fill in the columns of K and W with respect to
the topic they are interested in for their GS project

• Present the reading materials to students and guide them in
finding out the 5W + 1H (who, when, where, what, why
and how). After that, teachers may discuss the answers
with students in class

• Homework (HW): Students find out 5W + 1H in the
assigned readings

• Illustrate the idea of drawing mind-maps briefly, and
suggest that students incorporate 5W + 1H into their own
mind-map

• Students create a mind-map on the topic of their GS
projects in order to enhance their logical thinking

• Teachers read students’ mind-maps and give them
suggestions on how to improve them for higher quality
work

• Students bring back the completed KWL worksheets in
week 2. Teachers may suggest that students find out the
areas they are interested in exploring and encourage them
to collect the appropriate resources accordingly

2

3 Information
collection

• Students visit libraries, surf the Internet or go to related
organizations to collect relevant information

• Students utilize the news database and search engines on
the web to gather related information

• Students upload useful information resources onto the
chosen/recommended wiki and share them with other
team-mates

4

5 Information
analysis

• Students outline the main points of the reading materials,
categorize and analyze the resources collected

• Students design questionnaires for data collection
• Students prepare for the presentation of their data using
charts and figures

6

7 Report preparation
using wiki

• Students upload the necessary materials onto wiki and
prepare for their presentations8

9 Oral presentations • Students use wiki to present their projects or PowerPoint as
additional visual aids for their presentations. Depending on
their learning experiences and abilities, they may be
assigned additional tasks, for example, staging a drama or
filming a scene to summarize their project findings

10
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Table 7.9 Suggested teaching schedule for language (English) teachers (1st term), adapted from
Chu et al. (2012b, pp. 88–89)

Lesson Title Focus of teaching and learning activities

Tasks for students The teacher’s roles

Week 1 1 Introduction • Understand the requirements of
the collaborative writing task

• Learn how to evaluate writing
(Optional, depending on
students’ prior learning
experiences)

• Search for relevant sources of
information at home after
Lesson 1 to prepare for the
group discussion in Lesson 2

• Explain what collaborative
writing is and what skills it
entails

• Show students how to evaluate
one another’s work using a
genre-based approach
(Optional)

• Introduce the carefully chosen
new theme and the writing
topic to students

• Go over the schedule and
assessment criteria with
students

• Divide students into groups
and give them roles

• Explain the roles and
responsibilities of each group
member to students

2 Pre-writing • Brainstorm ideas in relation to
given prompts in groups

• Participate in discussions and
draw a mind-map in groups

• Design a worksheet to facilitate
students’ information search to
prepare for the discussion in
class

• Facilitate students’ group
discussion

• Give students feedback on their
mind-maps in the process

3 Evaluation I:
content

• Conduct peer evaluation on the
content of their piece of writing
based on the level of interest
and relevance of their ideas
(Evaluation sheet #1a)

• Conduct the first assessment on
the content of students’ work
(Evaluation sheet #2a) after
Lesson 3

Week 2 4 While-writing • Review peers’ comments and
read the teacher’s feedback

• Revise their mind-map based
on peers’ and the teacher’s
feedback

• Start organizing their ideas in
textual form

• Begin writing in groups

• Give students whole-class
verbal feedback on the content
aspects of their mind-maps

• Facilitate group discussion and
help weaker groups

• Ensure collaboration in the
revision and writing tasks
during group work

5 Evaluation II:
organization

• Continue with their writing
• Conduct peer evaluation based
on the organization of their
ideas (Evaluation sheet #3a)

• Guide students in providing
quality feedback with the help
of evaluation templates

• Conduct the second teacher’s
evaluation based on the
organization of students’ ideas
after Lesson 5 (Evaluation
sheet #4a)

6 Revision of
students’
work

• Refine their compositions
based on peer and teacher
feedback on the organization
of their work

• Provide additional feedback on
the content and organization of
students’ writing after Lesson 6

(continued)
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7.3.3 Suggested Teaching Schedule for Computer Studies
(CS) Teachers

One key role of CS teachers specified in the projects outlined in Chu et al. (2012) is
to strengthen students’ ability in using online tools when writing, reviewing, and
editing their group project by equipping them with essential wiki-related skills. In
the example of focus herein, students are expected to both post their own central
wiki content, and have the skill of leaving comments on their peers’ written work.
In the first term, CS teachers may start by introducing wiki as an online working
platform and regularly evaluate their skills in managing it.

Teachers may demonstrate the use of wiki step-by-step, beginning with basic
operations such as text editing and commenting. The teaching schedule of the
second term may be similar to that of the first term but teachers may wish to devote
time to consolidating students’ ICT skills. More advanced skills may be

Table 7.9 (continued)

Lesson Title Focus of teaching and learning activities

Tasks for students The teacher’s roles

Week 3 7 Revision of
students’
work

• Polish their composition based
on additional feedback from
their peers and the teacher

• Facilitate group discussion and
encourage equal participation
among group members

• Give students additional input
on vocabulary and grammar if
needed

• Support weaker groups by
giving students more help as
they refine their work

8 Evaluation
III: language

• Conduct peer evaluation on
language use based on their
mastery of grammar and
vocabulary

(Evaluation sheet #5a)

• Conduct the third teacher’s
evaluation on students’
language use after Lesson 8
(Evaluation sheet #6a)

9 Final revision • Refine their composition based
on peer and teacher feedback
on language use

• Finalize their piece of writing
• Conduct an evaluation on their
overall level of enjoyment of
and contribution to the writing
task (Evaluation sheet #7a)

• Conduct the fourth teacher’s
evaluation and scoring of
students’ final written output
after Lesson 9

aFor templates of evaluation sheets #1–#7, please go to http://web.edu.hku.hk/f/acadstaff/447/teacher%
20guide-IPjBL%20P5-v19.pdf
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Table 7.10 Suggested teaching schedule for language (English) teachers (2nd term), taken from
Chu et al. (2012b, pp. 90–91)

Lesson Title Focus of teaching and learning activities
Tasks for students The Teacher’s roles

Week 1 1 Introduction • Understand the requirements of
the collaborative writing task

• Review the evaluation process
• Become familiar with the
Google Sites writing platform

• Review what collaborative
writing is and how to evaluate
each other’s/the group’s work
(optional)

• Introduce the new theme and
the writing topic to students

• Assign each group member a
role and entrust them with
specific responsibilities

• Go over the schedule and the
writing platform on Google
Sites with students

HW Information
Search

• Search for relevant sources at
home to prepare for the group
discussion/tasks in Lesson 2

• Design a worksheet to
facilitate students’
information search

2 Pre-Writing • Brainstorm ideas in relation to
the given prompts in groups

• Draw a mind-map in groups

• Facilitate students’ group
discussion

• Give students feedback on
their mind-maps in the process

HW Evaluation I:
Content

• Conduct peer evaluation on
the content of their work
based on the level of interest
and relevance of their ideas
presented on wiki

• Conduct the first teacher’s
evaluation (after peer
evaluation) focusing on
content using wiki

Week 2 3 While-writing
(computer lab)

• Review peers’ and the
teacher’s feedback on wiki

• Revise their mind-maps
following the given feedback

• Begin drafting their ideas in
textual form in groups on
wiki

• Give students whole-class
verbal feedback on the
content aspects of their
mind-maps

• Facilitate group discussion as
students revise their work on
wiki

• Ensure collaboration in the
revision and writing process
during group work

• Provide technical support on
the use of wiki

HW Evaluation II:
organization

• Continue with their writing
• Conduct peer evaluation
based on the organization of
their ideas on wiki

• Conduct the second teacher’s
evaluation on the
organization of students’
ideas on wiki after Lesson 3

4 Revision of
students’ work
(computer lab)

• Refine their composition
based on peer and teacher
feedback on the organization
of their writing

• Give students whole-class
verbal feedback on the
organizational aspects of their
writing

• Facilitate group discussion
and help weaker groups act
on the given feedback when
revising their work

• Ensure collaboration in the
writing process

• Provide the third set of
teacher feedback on the
content and organization of
students’ writing on wiki after
Lesson 4

(continued)
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Table 7.10 (continued)

Lesson Title Focus of teaching and learning activities
Tasks for students The Teacher’s roles

Week 3 5 Revision of
students’ work
(computer lab)

• Polish their composition
based on additional feedback
from the teacher (and peers)

• Facilitate group discussion
and encourage even
participation among group
members

• Give students additional input
on vocabulary and grammar
use if needed

• Support weaker groups as
students are led to further
refine their work

HW Evaluation III:
language

• Conduct peer evaluation on
the language used in their
writing on wiki based on their
control of grammar and
vocabulary

• Conduct the fourth set of
teacher’s evaluation on
language use after Lesson 5

6 Final revision
(computer
Lab)

• Continue to enrich their
composition based on peer
and teacher feedback on their
language use

• Finalize their piece of writing
HW Final

evaluation
• Conduct an evaluation on
their overall enjoyment of and
contribution to the writing
task

• Conduct the final teacher’s
evaluation and scoring of the
students’ final written output
after Lesson 6

Table 7.11 Suggested teaching schedule for computer studies teachers, adapted from Chu et al.
(2012b, p. 92)

Week Theme Expected learning outcomes

1 Creating an
account

• Assign a username and password to each student and record this
information in case students forget their login details. It is
suggested that the usernames be easy to remember and consistent
among all students. For example, the username of the student in
5A with class number 1 may be set as 2016schoolname5a01

• Distribute the information containing the username and password
to students, after which they can be given help in logging in and
creating an account

• If possible, technicians or teaching assistants may create the
accounts for students in advance so teachers mainly assist
students with the login

2 Utilizing
wiki

Teach students how to carry out some basic operations on wiki,
such as editing and inviting others to join their collaborative
platform for knowledge sharing
• Google Sites is one of the recommended wiki platforms as it is
user-friendly and offers a multilingual platform. The following
link provides more details about how to use Google Sites:

http://web.edu.hku.hk/f/acadstaff/447/Google-Sites-Notes-for-P5-
Students.pdf
• PBWorks is another option, free at a basic level with higher levels
of paid service. http://www.pbworks.com

3

4
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Table 7.12 Suggested teaching schedule for school librarians, derived from Chu et al. (2012b,
p. 93)

Term Session Learning
activities

Aims

First
Term
(optional)

1 Library search,
web searching
strategies and
skills

To review the search strategies and skills used
• in the school library
• in public libraries (Online public access
catalog)

• when dealing with search engines
• when searching for news articles on
WiseNews

• when citing references in Chinese, the
students’ first language

2

Second
term

1 WiseNews To teach students how to use WiseNews to
search for news and magazine articles in
English newspapers

2 Searching for
books

To teach students how to search for English
resources
• in the school library
• in public libraries (OPAC)

3 Web searching
strategies

To teach students how to
• search for English resources by using search
engines

• evaluate information gathered
• cite a source in English

Table 7.13 Suggested teaching schedule for Chinese Language teachers, developed based on
Chu et al. (2012b, p. 94)

Term Session Learning activities Aims

First
term

1 Readinga Comprehension Assessment 1
(suggested time limit: 30 min)

To evaluate students’
reading and writing
abilities2 Writing Assessmentb 1 (suggested time limit:

60 min)

3 Literacy trainingc 1 To strengthen students’
reading and writing skills4 Literacy training 2

5 Literacy training 3

Second
term

1 Reading Comprehension Assessment 2 (suggested
time limit: 30 min)

To assess students’ reading
and writing abilities

2 Writing Assessment 2 (topics related to students’
daily life) (suggested time limit: 60 min)

aPIRLS-like (Progress in International Reading Literacy Study) reading tests may be administered to
evaluate student reading abilities. PIRLS is an international test which aims to assess fourth graders’
(aged 9–10) reading literacy. Until January 2016, close to 50 countries and regions have participated in
this international assessment
bStudents are presented with a passage and required to find the topic sentences of each paragraph and
summarize the key ideas of the text in around 100–150 words. A sample of the writing assessment can be
found in Appendix 7.1. The assessment rubrics for the writing task are in Appendix 7.2
cLiteracy training is designed to develop students’ reading comprehension and writing abilities. The
training exercises are similar to the assessment tasks shown in Appendix 7.1
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incorporated, depending on students’ readiness, abilities and needs. As students
become more familiar with wiki-related skills in the second term, they may be
guided in applying the acquired skills in the construction of wiki pages for their GS
project. In other implementation examples, for instance in a game design context
discussed in Chap. 5, the computer studies teacher or even an outside expert may be
called upon, to support students’ learning of more advanced computer concepts
such as programming code.

7.3.4 Suggested Teaching Schedule for School Librarians

School librarians may begin with a review of the knowledge and skills on keyword
search taught in the previous year in the first few weeks of teaching. The timetable
(see Table 7.12) suggested for the first term provided below is optional, and may be
modified according to students’ existing abilities and needs. In the second term, as
students become more acquainted with collaborative writing, they may be guided in
conducting information searches to identify relevant materials. The focus of IL
training may shift to the search and evaluation of materials in the students’ second
language, in this case English.

7.3.5 Suggested Teaching Schedule for Language (Chinese)
Teachers (Optional)

The aim of the training in this area is to consolidate students’ reading and writing
skills in their first language, in this case Chinese. This is optional, depending on
how well the students have mastered the reading and writing skills needed for
General Studies inquiry group projects. Teachers may modify the schedule and
focus suggested below according to their students’ specific learning needs.

7.4 Using Online LMS and Authoring Tools to Support
and Scaffold Student Inquiry

Student engagement in inquiry-based learning opportunities may be supported by
informational content and resources made available to them on an e-learning
platform (or learning management system [LMS]). Salomon et al. (1991) describe
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such a resource as a “coordinating representation”—a type of scaffolding support in
which an intelligent technology that can “undertake a significant part of the cog-
nitive processing that otherwise would have to be managed by the person” (p. 8) is
utilized. Testing a wiki-based LMS with undergraduates, Larusson and Alterman
(2009) reported that such environments may be quite useful in facilitating students’
project-based work, making it easier for them to work in parallel, multi-task and
make “common sense” of the situation and how to proceed with the action, even
when they are physically in different locations (p. 375). Wikis may be used as
LMSs; other examples include corporate sites like Blackboard and eCollege, as well
as free and inexpensive content management services and social media including
Google Docs, Google spreadsheets, and Moodle.

The authors of this book have ample experience utilizing wikis, and therefore
would like to offer some concrete advice and share their personal opinions in this
respect. Nowadays, school administrators, teachers and school librarians are widely
experimenting with an array of online e-learning options available, and many cases
may be found online via practitioner blogs and trade magazines. In light of these,
three practical recommendations on using Web 2.0 are stipulated in this final
section of the chapter.

Choosing a wiki. There are a number of wiki applications currently available,
and they vary in terms of interface, level of access and cost. Based on the expe-
rience of the research team in the Chu et al. (2012b) study, a wiki variant that is
easy to manage, requires minimal computer knowledge and has a multilingual
interface is preferable. With a multilingual interface, primary school students may
choose the language that they are more comfortable with, thereby easing their
cognitive and information processing load. This enables them to direct their
attention to the content of their work. In addition, a wiki program that can be used at
no cost is an advantage for educational purposes, such that budget constraints will
not be a hindrance to less privileged school children.

Providing technical support. A range of studies has shown that students gen-
erally encounter technical problems in areas such as formatting the content of their
writing and uploading materials onto wikis (Chu 2008; Cole 2008; Fung et al. 2011;
Law et al. 2011; Woo et al. 2011). For effective utilization of wikis with minimal
logistic challenges, teachers may need to organize supplementary classes for stu-
dents to ensure their familiarity with the use of the online technology. Similarly,
teachers may also find it beneficial to acquaint themselves with the technical aspects
of using a wiki as a teaching tool.

Addressing parental concerns. When students are using wikis for their projects,
there is a possibility that they may be misunderstood by their parents to be visiting
undesirable websites or playing online games (Fung et al. 2011; Law et al. 2011;
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Yu et al. 2011). It is thus believed to be advisable for schools to run workshops to
introduce parents to this new mode of learning, so they are better informed of their
children’s increased online activities and become cognizant of the potential benefits
of wikis on their children’s learning processes. These workshops have been seen to
enrich parents’ knowledge on the operation of wikis and introduce them to ways of
assisting in monitoring their children’s work (Law et al. 2011). Before the imple-
mentation of wikis in the classroom, schools may also find it helpful to notify
parents of wiki-related tasks that their children will be performing at home. Finally,
it should be emphasized to parents that inquiry PjBL encourages students to be
active learners. As such, parental participation in students’ work should be mini-
mized to allow room for independent learning to take place and to enable students
to experience maximum gains of managing their own learning process.

For more details regarding suggested teaching guidelines, materials and other
ideas, please visit http://web.edu.hku.hk/f/acadstaff/447/teacher%20guide-IPjBL%
20P5-v19.pdf.

7.5 Conclusion

This chapter has offered pragmatic and pedagogical design recommendations to
teachers for implementing inquiry PjBL to facilitate the development of students’
twenty-first century skills. Specific guides, models, timetables, particular roles of
different teachers as well as the evaluation mechanism in the inquiry design process
have been proposed. In order to put PjBL into practice successfully, teachers and
students must be ready for the initiative; the expertise of different teachers should be
utilized in unison to bring about the best target learning outcomes. With a wide
spectrum of online technology available in supporting inquiry PjBL, teachers are
advised to carefully choose online teaching and learning tools that are easy to use
and to provide students with sufficient training to master the technology. Parental
concerns over students’ increased use of online activities resulting from inquiry
PjBL should be addressed prudently. More independent learning habits from stu-
dents may be cultivated if parents’ support and involvement in the students’ project
work is strategically reduced. If PjBL is carried out effectively, not only will
students produce good projects, but their core competencies will also be broadened
and strengthened.
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Appendix 7.1 Sample of Reading and Writing Worksheet
(Chu et al. 2012b, p. 102)
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Appendix 7.2 Assessment Rubrics of Writing Task

評級 (grade) 字數 (word count) 文筆 (language) 內容 (content)

□ 優異

(outstanding)
字數 200 或以上 (200
or above)

文筆流暢 (very
fluent)

內容充實, 有創意

(informative and
creative)

□ 良好 (good) 字數 150–200
(between 150 and 200)

文筆通順

(fluent)
內容切題 (relevant
content)

□ 尚可

(acceptable)
字數 100–150
(between 100 and 150)

文筆一般

(average)
內容尚可 (acceptable)

□ 有待改善 (to
be improved)

字數少於 100 (less
than 100)

辭不達意 (hard
to understand)

內容空洞

(uninformative)
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Chapter 8
Assessment Instruments for Twenty-First
Century Skills

It has been established in previous chapters that learning and teaching has signif-
icantly evolved over the past few decades, toward a greater emphasis on twenty-first
century skills in the school curriculum. Twenty-first century skills are incorporated
into national educational standards in many countries; assessments, however, have
been less emphasized as integral components of these new models (Hilton 2010).
Inquiry- and project-based learning interventions involving research as well as
technology require compatible methods of assessment to support learners’ progress
and development (Cachia et al. 2010). This chapter begins with an overview of
previous literature on assessment of twenty-first century skills, then discusses the
use of assessments in a variety of research studies conducted by the authors, and
proposes an evidence-based approach for assessing different aspects of twenty-first
century skills. Education practitioners and researchers should bear in mind that
some of the twenty-first century skills such as life and career skills are not always
easily measurable in quantitative terms. The chapter therefore focuses on skills that
could be evaluated in relatively more concrete ways during an assessment.

8.1 Overview of Assessment Instruments for Twenty-First
Century Skills

The adapted P21 framework of twenty-first century skills in Chap. 1 outlines three
skill sets containing a total of twelve components that learners are said to need to
possess. The skill sets are: learning and innovation, digital literacies, and life and
career skills. The conceptual framework of the relationship between twenty-first
century skills and teaching strategies (Chu et al. 2012c) shows assessment as a way
of reflecting learning outcomes. Outcomes can be assessed in terms of product
outcomes based on the grades of learners’ final output of their learning activities,
and in terms of process outcomes, by evaluating their learning in the process and
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interactions while completing tasks. Researchers and education practitioners make
use of various tools to evaluate learning outcomes in these two aspects.

The P21 report on assessment of twenty-first century skills (Honey et al. 2005)
outlines the objectives that an ideal form of assessment should fulfill. Assessments
should:

• Measure learners’ knowledge, application and learning of twenty-first century
skills, and identify where intervention is required.

• Be applicable across a wide range of instructional programs.
• Allow learners to demonstrate their proficiency in twenty-first century skills to

educational institutions and prospective employers (Honey et al. 2005).

The report acknowledges that diverse assessment tools are needed as a single
assessment instrument cannot meet all these objectives. In fact, assessment methods
need to go beyond traditional standardized tests (Redecker and Johannessen 2013)
and various tools have been designed to support such methods. The convenience of
having a wider range of assessment tools brings forth the challenge of choosing the
most suitable ones. Designers of assessment tools should take into consideration the
ease of administering the test, if a test is used, and how truly the test reflects
learners’ skills (Walsh 2009).

Table 8.1 provides a snapshot of ways in which twenty-first century skills are
currently being assessed by researchers around the world. Research projects are
organized according to the dimension of the twenty-first century skills they assess.
The assessment method employed in each project is summarized, along with rel-
evant scholarly citations.

8.2 Case Studies on Assessing Twenty-First Century Skills

The following section captures the authors’ experience in assessing students’
twenty-first century skills. Five knowledge outcome dimensions are covered:
reading literacy, collaboration, information literacy, information technology lit-
eracy, and media literacy.

8.2.1 Assessing Reading Literacy Through Gamification

Reading is a vital skill for life-long learning and the development of twenty-first
century skills. Strong readers have been shown to demonstrate more advanced
critical thinking (Hawkins 2012) and there is a positive and significant relationship
between one’s reading ability and information literacy (Sayed 1998; Chu 2012).
Both the promotion of reading and assessment of reading progress have been found
to be important to the development of students’ reading abilities (Afflerbach 2011;
Wu et al. 2014; Chan et al. 2015).
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Table 8.1 Methods to assess twenty-first century skills

Assessment method Reference

Learning and innovation

Core subjects Programme for International Student
Assessment (PISA): Multiple choice
questions and open-ended questions on
reading, mathematics and scientific
literacy

OECD (2012)

Progress in International Reading Literacy
Test (PIRLS): Multiple choice questions
and constructed response items, focusing
on the reading purpose, process, behaviour
and attitudes

Mullis et al. (2009)

Reading Battle: An online e-quiz bank to
promote and assess students’ reading
interest and comprehension ability

Wu et al. (2014)

Critical thinking and
problem solving

Sternberg Triarchic Abilities Test (STAT):
Multiple choice questions in verbal,
quantitative and figural forms

Sternberg (2006)

Communication and
collaboration

Ongoing observation of group work via a
web-based collaboration tool

Chu et al. (2012b),
Reynolds (2010)

Self-assessment of perceived social skills
using questionnaires

Notari and Baumgartner
(2010)

Online portfolio assessment in which
learners report and reflect on their
project-based assignments, group activities
and workplace projects

Koenig (2011)

Creativity and
innovation

Torrance Test: written and drawn answers,
yielding subject scores for each
characteristic assessed, and a cumulative
score for each individual

Torrance (2000)

Digital literacies

Information literacy Test made up of multiple choice questions,
adapted from TRAILS

Chu (2012), Chu et al.
(2012a)

Mixed-method design involving tests,
surveys, interviews and documentary
analysis

Chu et al. (2012a)

Direct assessment of researched term
papers

Scharf et al. (2007)

Diagnostic inventory of students’
perceived competence and motivation
towards inquiry and research

Arnone et al. (2009,
2010)

Media literacy Questionnaire on media awareness and
media use pattern, consisting of
open-ended questions and statement
evaluation of responses to the statements
using the Likert scale

Chu et al. (2010)

Assessing learners’ critical reading,
listening and writing skills after receiving
media literacy instruction

Hobbs and Frost (2003)

(continued)
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Traditionally, reading assessments include short quizzes, reading comprehension
exercises or book reports. However, such assessments may exert pressure on
readers, and it can be time-consuming for teachers to read, mark and provide
feedback to students on their work. With the aim of cultivating reading and com-
prehension skills among students as well as facilitating effective monitoring and
evaluation of student learning, Wu et al. (2014) devised a motivate-scaffold-monitor
framework to gamify students’ reading experience and provide a quick and easy
platform for teachers to evaluate and monitor students’ reading comprehension
level through a program called “Reading Battle.” Figure 8.1 below presents the
program framework:

Table 8.1 (continued)

Assessment method Reference

Information
technology and
communication
literacy

Questionnaires and interviews asking
about perceptions of learning progress

Chu et al. (2008,
2011b), Chu (2009)

Content and IT literacy knowledge
outcomes, as measured using content
analysis methods to evaluate learners’ final
digital product creation, via application of
a reliable evaluative coding scheme

Reynolds (2010),
Reynolds and Harel
Caperton (2009)

Test tools assessing knowledge on
computer hardware and software operation
and information processing

Cha et al. (2011)

Performance-based assessment in a virtual
school or work situation

Claro et al. (2012)

Fig. 8.1 The motivate-scaffold-monitor framework in the project (Wu et al. 2014)
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Reading Battle is an online e-quiz bank that houses more than 13,500 questions
written based on 450 books (W. Wu, personal communication, April 8, 2015).
Users can access the quizzes via a search using the title, author, book ID or ISBN,
or select from the archive of books sorted into different genres. Once a book is
chosen, users enter the test interface. Each test consists of 10 multiple choice
questions randomly drawn from a pool of 30 questions. With 180 books picked by
the project team and an additional 270 school-based titles from each participating
school, student-users have the flexibility of selecting books they like to read and
browse the archive for further reading suggestions.

Questions in the quiz focus on the 4 processes of comprehension adapted from
the PIRLS 2011 Assessment Framework: information retrieval, making inferences,
interpretation and integration of ideas, and evaluation (Mullis et al. 2009). These
four processes match the Bloom’s Taxonomy of learning domains, for example,
making inferences relates the domain of understanding, whereas interpreting and
integrating ideas falls into the domain of applying and analyzing (Bloom et al.
1956). Aided by prompts and hints, students are guided in finding the right answer
after an initial failure. For particularly challenging questions, an instant explanation
is given for the correct answer. The system is designed to interact with users and
provide immediate feedback. Upon completion of the test, the total score is shown.
Participants earn points for every correct answer. E-badges of different levels are
awarded as recognition of their achievement and encouragement to challenge them
to reach a higher level and/or compete with others in the leaderboard. These
gamified applications have the advantage of providing participants with a sense of
challenge and curiosity (Deterding et al. 2011) as well as enhancing their experi-
ence and engagement (Domínguez et al. 2013). Logging in with a teacher account
enables teachers to view their students’ test scores and participation rate, thereby
allowing them to evaluate the progress of students’ reading abilities and offer
support to and/or guide them toward the correct reading practices as appropriate.

Reading Battle was piloted in 9 primary schools in Hong Kong in 2014
involving student participants from primary 3 to 5 (aged 7–11). Students’ reading
abilities were benchmarked prior to the implementation of the program. Post-tests
of individual students were administered 5 months after the implementation.
Preliminary findings have shown that students who actively took part in Reading
Battle achieved higher reading test scores in the post-test compared to those in the
same age group who seldom or never joined Reading Battle. They also improved in
their Chinese and English reading and writing skills, with over 70 % citing the
Reading Battle as a reason behind (Lu et al. 2016). In the case of one of the
participant, the improvement was as significant as a jump from 10 marks to 90
marks out of 100, in the English and General Studies subjects. Impact of Reading
Battle is not limited to academic performance—students’ character developed as
they read stories about essential virtues such as honesty, caring for others, and other
interpersonal skills (Lu et al. 2016).

In addition to students describing Reading Battle as “appealing,” “exciting,” and
“fun,” teachers was pleased to observe their students’ growing motivation and
confidence to read. Extrinsic motivation such as the e-badge system as well as
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students’ intrinsic motivation to acquire more knowledge has also challenged stu-
dents to do more reading and complete more quizzes (Chan et al. 2015; Lu et al.
2016). In one school, students were so eager to join Reading Battle that a much
higher book borrowing rate was recorded, with the school library reporting an
average of more than a hundred books loaned out per week. Interviews with parents
also revealed encouraging findings. One parent exclaimed in an interview that her
son, a primary 4 student, after reading books of difficulty levels 1–4, could write
compositions with better organization and had since then performed better in the
school’s writing assessments. Information gathered also showed that a primary 3
boy could read on his own rather than being read to by his mother which used to be
the case. A primary 4 girl, who could not find the Reading Battle books she wanted
to read from the school library nor afford to buy the books she liked, was found
spending hours in commercial bookstores, trying to read and remember as much
book content as she could so that she could be ready for the challenge in Reading
Battle. Another primary 4 boy, who did not have a computer at home, was seen
investing as much time as he could in the school library doing quizzes from
Reading Battle. All four students performed very well in Reading Battle. The
students’ performance corroborates with the social cognitive theory, which suggests
that participation in educational interventions in which students have a chance to
“experience success” increases their self-efficacy in educational knowledge
domains (e.g., Luzzo et al. 1999).

The rapid advancement of computer facilities and mobile technology nowadays
has opened up new doors not only for teaching and learning (Chu et al. 2015; Kwan
et al. 2015; Hew et al. in press), but also for student assessment (López 2010).
Reading Battle, a computer-graded e-quiz bank, can save a considerable amount of
teachers’ time evaluating students’ comprehension abilities and grading their
reading reports. Teachers can also trace students’ reading skills development with
ease while students enjoy the gamified reading experience, thereby fostering the
engagement of both and boosting their motivation during the learning and assess-
ment process.

8.2.2 Assessing Collaboration

Two case studies on assessment of peer collaboration are discussed in this section.
The first study (Chu et al. 2012b) was carried out in Hong Kong, focusing on
assessing how secondary school students worked together to complete a wiki-based
writing project. The second study (Notari and Baumgartner 2010) involved Swiss
University students in a group project, and evaluated the degree of their collabo-
ration by the students’ self-assessment of their social skills. Although assessment of
students in higher education is not the focus of this chapter, for the benefit of
researchers and education practitioners, the study is included as the assessment
method adopted is believed to be transferable to primary and secondary school
contexts.
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8.2.2.1 Assessing Collaboration in Wiki-Based Collaborative Writing

Assessing collaboration has always been deemed a particularly challenging task for
teachers, due to the inherent difficulty in obtaining information about individual
students’ contributions. For instance, one or two members in a group may take up a
large proportion of work during the process without the teacher noticing. The use of
wikis nonetheless provides teachers with access to an imprint of their students’
collaboration process. A wiki offers users a platform to directly create and edit the
content of one or more webpages through web browsers (Leuf and Cunningham
2001). It can show, to a certain extent, users’ level of collaboration and how they
work together. The following section explores how wikis support the evaluation of
student collaboration. Chu et al. (2012b) discussed how this was assessed through
observing students’ work on wikis using data generated by wiki pages, while Chu
et al. (2011b) shed light on affordances that wikis have for assessing collaboration
from the teacher’s perspective.

The aim of Chu et al.’s (2012b) study was to investigate the patterns of activities
of twenty-five secondary one students (aged 12–13) in their inquiry-based project,
their level and frequency of participation, as well as the distribution of work and the
degree of collaboration among group members. Assessment began with extracting
data, both qualitative and quantitative, from the students’ wiki-based group reports
covering topics on media, education, religion, sports, art, information, communi-
cation technology, etc. Students in a class were divided into five groups and their
contribution was categorized as either content input in the compilation of the report
or comments posted on wikis. The built-in functions of Google Sites enabled both
types of data to be recorded. Input from individual students was made visible using
the revision history function, which allowed direct access to all previous versions of
a page. Details of each change were logged, including the name of the student who
made the change, the date and time of the change, and the specific change in the
content. Quantification of data revealed how much and how often students made a
contribution to the content, and enabled categorization of changes to identify the
types of action commonly performed. The categorization of changes was based on a
modified version of the action taxonomy developed by Meishar-Tal and Gorsky
(2010). The taxonomy classifies students’ actions on the wiki content by, for
example, adding, deleting and moving texts, and editing of format and grammar.

Comments made by students, the second type of contribution on wiki, were
retrieved from the comprehensive records of messages and replies. By analyzing the
records, researchers could understand the degree of collaboration among the stu-
dents. The comments were organized using an adapted content analysis coding
scheme following the work of Judd et al. (2010). Their scheme placed the com-
ments into six nonexclusive categories: content, form, work, individual, group, and
reply.

Drawing on the findings of Chu et al.’s (2012b) study, uneven work distribution
was observed, with considerable disparity among group members in terms of the
amount of actions each member performed and the proportion of work done.
Generally, two to three members out of 5–6 in a group took charge of most of the
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actions and contributed to a large part of the writing up of the project. The unequal
share was, as the researchers explained, a result of students’ collaborative writing
strategy. The report-writing task was split into discrete units and group members
were assigned to work on separate units. Students might also have participated in
pre-writing work like questionnaires, interviews and presentations but this was not
recorded.

Students displayed a certain degree of collaboration, as evidenced by the com-
ments they left on their wikis. Comments concerning content and those addressing
the whole group made up more than half of all the comments, with a similar
distribution pattern across groups. Both types of comments indicated engagement in
online communication and exchange of ideas. Students, however, might not have
communicated exclusively using the commenting function, limiting the extent to
which the comments painted a complete picture of their collaboration. Their
assessed level of collaboration shown on wikis was thus treated with caution.

Interviews with teachers in Chu et al. (2011a) revealed that teachers were
generally satisfied with Google Sites (a wiki variant) promoting collaboration.
Using the function “history review” and “version comparison,” teachers could track
changes made by each individual throughout the project. Teachers were then able to
grade students’ performances fairly and objectively after examining their personal
contributions. The tracking function also enabled teachers to identify high and low
achievers, and in turn offer support to the less capable students. In addition, teachers
noted that the commenting function allowed them to leave comments without
restriction of time, space and even text, since videos, photos and quotes can be
embedded in the comments. Teachers found that guidance could easily be given to
help students understand relevant concepts and amend their work in progress,
thereby lending itself to assessment for learning.

In the light of the above study, when using wiki-based platforms for collabo-
rative group projects, teachers are advised to trace the edit histories in order to
identify and assess individual students’ contribution. Contributions to wiki content
may take the form of posts and comments, which can be further coded as
content/meaning related, surface level, and management-focused/other contribu-
tions (Woo et al. 2013). Examining these posts and comments during project
execution helps the teacher decide on the type of support required and offer the right
form of intervention by leaving comments on the wiki page. Tracing such edits after
the project further makes it possible for the teacher to collect information on stu-
dents’ collaboration process and evaluate their performances accordingly.

8.2.2.2 Assessing Collaboration Through Self-assessment of Social
Skills

This section documents a project led by one of the book’s authors investigating how
social skills configuration within groups of university students collaborating on
projects affect their communication, satisfaction with group performance, and
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quality of collaboration (Notari and Baumgartner 2010; Notari et al. 2014). The
social skills analyzed are cooperation/compromising, prosocial behavior/openness,
social initiative, leadership, and assertiveness. Fifty-nine students took part in the
study. They freely formed groups of 2–3, and the groups were described as com-
prising a combination of students with heterogeneous or homogeneous abilities, as
well as high and low levels of various social skills. A questionnaire was admin-
istered both at the beginning and end of the project. The pre-questionnaire consisted
of 16 statements that assess individual students’ social skills including exchange
orientation, empathy, initiative, leadership, and assertiveness, which students were
required to rate on a scale of 1–4 (totally disagree: 1—totally agree: 4). In the
post-questionnaire, students evaluated their own level of satisfaction and quality of
cooperation using the same scale as in the pre-questionnaire. The questionnaire
contained six statements, as shown below:

1. I am satisfied with the level of team work achieved.
2. The group worked together in an efficient way.
3. The responsibilities were clearly distributed among the group members.
4. There was a group leader.
5. We got along well within the group.
6. We supported and/or complemented one another well in the group.

Data analysis showed that examination of social skills on a group level yielded
more meaningful findings than that on an individual level. A homogeneous and/or
high-level of social skill configuration in a group tended to be more conductive to
effective collaboration than groups with heterogeneous and/or low-level social
skills. This relationship was especially significant for social skills that focused on
communal goals such as compromising, in which students perceived a higher
degree of group efficiency and clearer division of labor. The same correlation was
observed in prosocial behavior/openness, where heterogeneity decreased reciprocity
and equity among group-mates, leading to dissatisfaction with performance, and a
felt lack of efficiency in collaboration and division of responsibilities.

Given the aforementioned findings, teachers are encouraged to teach students
relevant social skills before engaging them in collaborative group work. A good
starting point would be to strengthen their ability to cooperate and come to a
compromise, foster prosocial behaviors, and boost their leadership skills.
Compromising can be achieved by a clear share of responsibilities and identifying
specific roles of individuals within the group. Teachers should, however, be aware
that a high level of compromise may diminish the group’s permissibility for
members to put forward their own ideas (Zurita et al. 2005). In order to promote
prosocial behavior, it is vital that students respect the equity and reciprocity among
group members (Hatfield et al. 1978) so that organizational agreements may be
reached more efficiently. As for leadership, teachers may create room for students to
take charge of tasks, since it was shown from the project that a higher average
leadership level in the group results in more efficient collaboration.
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8.2.3 Assessing Information Literacy (IL) Using IL
Assessment Tools

Two case studies assessing IL are presented in this section, one targeting upper
primary students (aged 9–11) (Chu 2012) and the other junior secondary students
(aged 12–15) (Chu et al. 2012a).

IL instruction is in great demand in Hong Kong. In secondary schools, inquiry
project-based learning has been integrated into the formal curriculum, and Liberal
Studies is one of the core subjects (Curriculum Development Council [CDC] 2000).
In primary schools, information literacy education is spaced out in two stages:
primary one to three for Stage I (aged 6–8), and primary four to six for Stage II
(aged 9–11). Guidelines for each stage are provided on the skill types that students
are expected to acquire, in terms of learning targets, knowledge, skills, and attitude
(Education and Manpower Bureau [EMB] 2005). Nevertheless, no standardized
territory-wide assessment for information literacy exists, limiting educators from
assessing students’ IL abilities. Both studies featured in this section evaluate IL of
students of different levels, aiming to provide empirical evidence for further
research on ways to enhance students’ IL competence.

8.2.3.1 A Case Study of Primary Five Students

The study conducted by Chu (2012) made use of the Tool for Real-time Assessment
of Information Literacy Skills (TRAILS) to evaluate the IL of 199 primary five
students (aged 10–11) from four schools in Hong Kong. The IL assessment tool
consisted of 14 items (see Appendix 8.1) which matches well with the IL frame-
work set by the Hong Kong government. As such, the IL assessment instrument has
the potential to be generally applicable to Hong Kong primary school students.
Modifications to the assessment were made to suit students’ comprehension ability
and to place questions in a more familiar context, since TRAILS was originally
designed for American students. The contextualized test was then translated into
Chinese, the students’ first language, for their ease of understanding, but specific
English terms were retained to avoid misinterpretation. All questions were
close-ended, with two to four options each. Each correct answer was worth 1 point,
and the maximum score was 14. Students’ responses in the IL assessment were
collected through SurveyMonkey, an online survey tool administered by students’
IT teacher during regular class hours.

With the descriptive statistics of the participants’ test scores calculated, the results
were analyzed. The mean correct number of questions was 8.12 (SD = 2.56). No
significant difference in mean score was noted among the four schools. The
assessment questions were then categorized according to relevant American
Association of School Librarians (AASL) and Association for Educational
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Communications and Technology (AECT) IL standards. Seven questions corre-
spond to standard one, the ability to access information efficiently and effectively,
and five questions to standard two, the ability to evaluate information critically and
competently. The overall results showed that students possessed some but inade-
quate IL competency. The mean score for standard one and two were 4.63 and 3.29
respectively. The percentage of correctness for each answer was compared to the
expected percentage based solely on guessing, and the sufficiently higher observed
percentages indicated that students, in most cases, performed better than wild
guessing. Still, they could only correctly answer half of the questions related to each
standard, and this suggested that there was much room for improvement and that a
systematic IL curriculum was urgently needed (Crawford and Irving 2013; Sandars
2012).

8.2.3.2 A Case Study of Secondary One Students

In the study carried out by Chu et al. (2012a), the IL level of 176 secondary one
students (aged 12–13) was assessed. A mixed-method research design was adopted,
combining quantitative and qualitative research tools such as surveys, interviews,
documentary analysis of students’ group projects, and a test made up of multiple
choice questions. First, in order to evaluate students’ IL skills, a test comprising 15
multiple choice questions set according to TRAILS was administered. Their IL
skills concerning proper and ethical use of information sources were analyzed
through examination of their group projects. Before further investigation by the
researchers, an online free plagiarism checker was employed to look into whether
students’ citations resembled any form of plagiarism. Interviews were then con-
ducted to better capture students’ and teachers’ knowledge and attitude toward IL in
their completion of the group project.

Based on the test results, content analysis of the interviews and the projects,
students’ learning outcomes were mapped using indicators provided by the IL
framework (EMB 2005). The framework categorizes learning outcomes into four
dimensions: cognitive, metacognitive, affective, and socio-cultural. The number of
indicators on a particular level shows students’ performance in that dimension. The
secondary one students were found to possess IL skills primarily at Level II, the
stage of primary four to six, but they demonstrated progress in the cognitive
dimension. A breakdown of students’ performance in the IL multiple choice test
revealed their strengths and weaknesses. The test results shed light on students’
ability to identify potential sources, but they were weak in using information
sources in a responsible and ethical manner.

According to the findings, the researchers were able to denote aspects of stu-
dents’ IL that required enhancement. Overall, their poor understanding of plagia-
rism called for more education and training to raise their awareness of and
knowledge on the issue.
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8.2.4 Assessing IL and IT Literacy by Perceived Learning
Progress

Apart from assessing IL and IT literacy through particular assessment tools as
referred to in Sect. 8.2.3, IL and IT literacy is sometimes assessed by students,’
parents,’ and teachers’ perceptions of learning progress. In the following section, a
study which illustrates the role of perception in evaluating one’s IL and IT skills is
introduced. Although assessment on the basis of perception may not be the most
direct method of reflecting students’ competency, it contributes greatly to por-
traying their strengths and weaknesses, and this helps educators locate areas in need
of intervention, support, and improvement.

8.2.4.1 Assessing Student Development of IL and IT Literacy Through
Student and Parent Perspectives

Primary four (aged 9–10) students from a school in Hong Kong joined a project
examining the effect of combining collaborative teaching and inquiry project-based
learning (Chu et al. 2008; Chu 2009). Over a six-month period, students carried out
two General Studies projects on two different topics, in which they were required to
perform various IL and IT skills-oriented tasks. Teachers of three subjects (General
Studies, Chinese, and IT) and school librarians assisted in the process and provided
guidance to students when needs arose. Upon completion of the projects, students
and parents were invited to articulate the difficulties they encountered and the
students’ improvement in their IL and IT skills.

Telephone interviews with parents were conducted. Parents were told to rate the
difficulty of the project on a 5-point ordinal scale, in which 1 meant very difficult
and 5 very easy. They were then asked about their child’s improvement in aspects
such as their ability to locate information, and competency in computer-related
skills like the use of PowerPoint and Chinese word processing. Students were asked
the same questions in a questionnaire administered in class by their teachers.
In-depth information regarding teachers’ perception of the projects was obtained
through interviews.

Results suggested that both students and parents considered the tasks easy, while
teachers had a relatively neutral stance, rating the tasks in the middle of the scale.
The difference in their ratings were, however, not significant. In particular, con-
ducting online searches was one of the difficulties more commonly reported by
students, as stressed by General Studies and Chinese language teachers. The results
showed that the level of difficulty was linked to perceived improvements in certain
dimensions of learning. Participants who gave higher ratings on the ease of the
project rated advancement in reading and writing ability, IT skills, and presentation
skills more positively, implying that improvement may be induced by students’
perceptions that the project was not too difficult.
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Students’ perception of their IL and IT skill gains was also checked in a slightly
different way (Chu et al. 2011c). Using questionnaires, students were required to
rate their familiarity with various information sources, searching skills, and IT skills
before and after participating in the project (see Appendix 8.2). Dependent t-tests
were used to compare their ratings of familiarity in each aspect. Increased famil-
iarity in a certain aspect was found to correlate with improvement in the corre-
sponding skills.

After the project, students considered themselves more familiar with all the
dimensions of IL and IT skills in focus. It was also discovered that as the acces-
sibility of searching tools and computer software increased, greater improvement
was noted in students’ familiarity with the use of the corresponding
tools/information services. For instance, students did not have free access to
Wisenews (a news database) in the past, resulting in a substantially lower famil-
iarity prior to intervention and the biggest improvement in the IL domain.

8.2.4.2 Learning Analytics Measures of Student in Progress Digital
Behaviors

Around the world people are now taking pride in an increasing availability of
e-learning management systems and other digital environments provided by edu-
cational technology developers and entrepreneurs, and in parallel, more widespread
adoption of such platforms by educators, school districts, and other organizations
aiming to educate learners. With the development and deployment of these new
platforms comes a growing proliferation of digital trace log data (educational “big
data”) generated by the systems themselves that produce an imprint of learner
behaviors and actions in the environment. Many inter-disciplinary parties are
pursuing the use of “learning analytics” (Siemens and Baker 2012) to aid the
cultivation of intelligent digital settings that aggregate, measure, and report upon
user actions, and that are moving toward offering predictive and diagnostic eval-
uative models and agents that can support the learner—in some of which the system
itself scaffolds the learning intelligently, while also providing teachers with diag-
nostic and moderation tools (Wu et al. 2014).

The field of learning analytics (LA) addresses the collection and analysis of such
data about learners and their engagement in such environments. The field also
involves the design of new digital evaluative systems that are responsive to user
actions. The community now has its own conference and journal to further drive
this agenda item (LAK conference; Journal of Learning Analytics). Cooper (2012)
identifies several research and organizational communities out of which LA
approaches are derived, including

• Statistics
• Business intelligence
• Web analytics
• Operational research
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• Data mining and artificial intelligence
• Social network analysis
• Information visualization

In the context of inquiry- and project-based learning interventions, an LA
approach might be utilized to investigate ways in which students are using an
e-learning management system in conjunction with their inquiry and project cre-
ation. A teacher may decide to design and deploy such an environment to support
the inquiry and collaborative endeavors of students. Wikis have also been discussed
as coordinating representations for student inquiry engagement. Such a system
creates trace log data and site metrics that in some cases can be accessed and
juxtaposed at the student and team levels of analysis for assessment purposes (Chu
et al. 2011b).

Such data are made available via the wiki-based learning management system in
the Globaloria project, which is a focus in Chap. 6 of this book. In Globaloria, a
blended e-learning program involving project-based game design, students in the
2012/2013 school year used a Learning Management System (LMS) developed by
an organization in NYC to develop individual online identities, engage in teamwork
and collaboration, and for project management of the game development process.
The LMS supported tasks and activities including:

• Game project file sharing (which in 2012/2013 included Flash and other soft-
ware files, programming code, image files such as JPGs, and design documents).

• Ongoing documentation and archiving of the product management process.
• Updating of a schedule logging students’ daily tasks completed.
• Communication and feedback among team and class members.
• Information-seeking for tutorial resources on programming help.
• Assignment completion (Reynolds 2016).

The system generates trace logs of wiki page edits and file uploads to the LMS.
These data can be used to measure frequency of student engagement in a variety of
page types.

To investigate whether student processes such as uses of the wiki contribute their
learning outcomes, Reynolds and Chiu (2012) used this page edit and file upload
log file data to aggregate frequencies and statistically measure their relationships to
the scored game evaluations. To measure game outcomes, the authors used a rubric
coding scheme that had achieved inter-coder reliability (2012). Findings indicated
that the larger the number of constructive page edits and uploads to the wiki made
by students, the more advanced were their game design learning outcomes. This
result suggested that page editing (for instance, adding code to the site to share with
peers) and uploading (for instance, archiving a Flash project .FLA file on the site so
others could access it later) served to support, coordinate, and organize their game
design efforts. This result adds validity to the claim that learning analytics process
data such as log file frequencies for student uses of particular learning management
system pages and resource types can be indicative of their success in achieving
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learning objectives. Such a result needs to be tested further, though, considering
variety in instructional context factors.

Another LA data source that LMS environments may generate includes page
read and site visitation data (also called “click stream data”). In the case of
Globaloria, page reads and site visitation were logged by Google Analytics, and
these data were also accessible to the researchers. Google Analytics recorded page
reads for non-editable information resource pages such as tutorials, that students
were expected to access to help them problem solve programming challenges.
Similar to page edits and uploads, findings for page reads also supported ways in
which student information resource uses of the LMS contribute to learning out-
comes (e.g., Reynolds 2016).

Overall, these data can be used by teachers and researchers as well as an
organization such as Globaloria which develops a curriculum and/or web-based
learning platform, to monitor and evaluate how students are using varied resources,
and how such uses contribute to their learning (Reynolds 2014, 2016). Such a use
of LA data can help teachers in assessment of individuals (e.g., some students are
not using the resources enough or effectively, thus they may need greater infor-
mation literacy support). LA data can also help teachers evaluate quality of a given
curriculum (e.g., if they are piloting 2 solutions, and observe that student uses of
one platform yields higher outcomes than uses of another platform, they may opt to
use the higher yielding solution instead). LA data can also help organizations
involved in curriculum and learning platform design to optimize particular features
(e.g., if students are not using a particular resource in a suite of affordances, or if a
particular resource is not linked to outcomes, then that resource’s design might need
to be improved). Educators are encouraged to empower themselves for data-driven
decision-making, drawing on LA data when available. This is an up-and-coming
domain of innovation within education, to watch.

8.2.5 Assessing Media Awareness of Primary Four Students

Media education in Hong Kong has been gaining importance since the turn of the
century. Dissatisfaction with media performance and the undergoing education
reforms are the major forces propelling the change. Media education was officially
mentioned in the agenda of the Curriculum Development Council in 2000 (CDC
2000), hoping to equip students with sufficient media literacy to judge the credi-
bility of news from the media (Lee and Mok 2007), meeting the goals of the
education reforms to enhance students’ critical and independent thinking skills
(Education Commission 2000). However, it was unclear then how media education
was to be incorporated into the curriculum framework. Research studies in media
education were limited too.

This section discusses a project investigating media use and media awareness of
primary four students (aged 9–10) from four schools in Hong Kong (Chu et al.
2010, 2014). In the era of information explosion, the media has established its
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central status in knowledge and information circulation, and newer media is casting
increasing influence alongside traditional media such as newspapers, television, and
the radio. Little research has nonetheless been done on media education of young
children, and stakeholders have shown themselves to be anxious about the impact
of the media on children. The project thus attempted to fill the gap by exploring
children’s access to media, their media awareness and use patterns, and how well
teachers know about children’s media consumption.

In the project, teachers and students were given identical questionnaires on
media awareness and media use patterns to be completed. A total of 332 ques-
tionnaires were collected, including 248 questionnaires from students and 84 from
their teachers. Teachers from the four participating schools received the question-
naire before their students did to ensure that they could facilitate the students’
understanding of the questions there. Teachers were invited to imagine how their
primary four students would answer the questions, and to fill out the questionnaire
from the perspectives of the students. During class time, the same questionnaire was
administered on the students.

The questionnaire (see Fig. 8.2) was drafted in Chinese, the students’ first lan-
guage, for their ease of understanding. Organized in two sections, the first part
contained open-ended questions concerning media use and awareness, in which
students had to freely recall the names of different media while the second part
required them to evaluate statements regarding media credibility on a Likert scale
of 1–5.

The research questions focused on the following two aspects: (1) the media
awareness and media use patterns of primary four students, and (2) the extent to
which their teachers understand their media use and awareness patterns. The former
was studied by identifying possible trends within students’ answers, and the latter
by comparing students’ and teachers’ answers.

Students were told to list their most frequently read newspaper. The top three
listed ones were Apple Daily, Sing Tao Daily, and Oriental Daily, with the first two
papers concurring with their teachers’ choices. Despite this, teachers were unable to
spot the popularity of other newspapers like The Sun and Mingpao. Students’
awareness of free television channels was also assessed. Most were able to name
two channels: TVB (which offers several free channels such as TVB J2 and TVB-
interactive news channel and other paid channels) and ATV.1 Teachers were capable
of pointing out the popularity of TVB over ATV, but were less successful in
naming the TVB channel with the greatest popularity among students. There were
also noticeable discrepancies between teachers’ and students’ answers about paid
TV and radio services. The wide range of media forms mentioned further indicated
that primary students in Hong Kong demonstrated a considerable level of media
literacy, especially in their awareness of what there was on television.

Students were prompted to give reasons for choosing a particular newspaper, TV
channel, and radio channel. For newspapers, rich content was the leading factor,

1ATV is no longer in operation from April 2016.
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Fig. 8.2 Questionnaire on media awareness and media use patterns (Chu et al. 2010)
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followed by interesting information. The influence of parents and teachers on their
choice was not as huge as what the teachers expected. Similar results for TV
channels were obtained. The results revealed that students were more
content-oriented than what their teachers thought. They were able to make inde-
pendent judgements on media consumption. Nevertheless, tabloids were more
popular among students’ choices of newspapers, including Apple Daily and
Oriental Daily, which both featured on the top three. This is worth noting as the
results showed that students selected which newspaper to read based on its content.
But a large proportion of the respondents provided no answer to the question asking
for their choice of radio channel.

Results denoted that around 85 % of the students had Internet surfing habits,
with an average of 1.87 h spent on the Internet per day. Teachers were able to
predict the first website that students visited (Yahoo!) but overestimated the fre-
quency of their visits to online game-related websites. The popularity of the Internet
may account for students’ lack of familiarity with radio channels, since the Internet
offers an alternative to radio programs (e.g., podcasts), and also substitutes radio
channels to a certain extent.

Students were asked to comment on the reliability of the media. They considered
the television to be the most reliable form of media, followed by the radio,
newspapers, and the Internet, as expected by their teachers. They were also more
cautious about the content of the media, especially the newer media, than their
teachers thought. This suggested that traditional media is still regarded by them as
important sources of information.

The study concluded that the students were autonomous in deciding on their
choice of media, and did not rely merely on the new media, thereby demonstrating a
considerable level of media literacy. Results of the study also indicated that teachers
did not seem to fully understand their students’ perspectives toward media use.
Assessing students’ media use patterns had implications for how media education
models should be developed to maximize the benefits of media education on them.
Findings pointed to the need for teachers to deepen their own understanding of
students’ media consumption habits in order to devise an effective, tailor-made
media education curriculum for their students. Both under- and over-estimating
students’ access to, knowledge of and consumption of the media may lead to
ineffective use of classroom time and implementation of teaching strategies.

8.2.6 Measuring Knowledge Outcomes by Evaluating
Product Artifacts

The products of student inquiry-based learning projects often comprise not only
research papers but also digitally produced texts such as audio- and video-files,
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games, presentations, and various multimedia artifacts. Such artifacts represent the
culmination of student knowledge-building during inquiry project-based learning.
While their measurement and assessment does not span the entire breadth of the
learning that occurs, the products of knowledge-building offer another useful object
for observation and evaluation.

Teachers are generally accustomed to grading student papers, where a standard
research outcome is a text-based report. It now becomes imperative to also prepare
them for the evaluation of digital projects in inquiry-based contexts. In one study,
Reynolds (2010) and Reynolds and Chiu (2012) adopted a content analysis
approach in evaluating student game design artifacts in the Globaloria project
discussed in Chap. 6. The approach is described as follows.

Game quality. To develop a variable of game quality for use in research, the
authors conducted content analysis of all teams’ final games. Neuendorf (2002)
defines content analysis “as the systematic, objective, quantitative analysis of
message characteristics” (p. 1). The purpose for evaluating games is to better
understand the range of game mechanics (programming expertise), design attributes
(esthetics) and messages students achieved (the results of their inquiry on a topic of
interest, e.g., climate change, or social/cultural themes resident to their local
environments).

Coding Scheme Development. The authors matched the definition of a “game” to
a file that goes beyond a mere image to include some level of interactivity in which,
at minimum, the file provides a response to the player, based on a player action.
Defining a “game” at this minimal level of interactivity allowed the authors to code
the full range of game files created by students from basic to advanced. The format
of the game files students posted online included both .SWF (Small Web
Format/Shockwave Flash) and .FLA project file formats.

The final coding scheme, presented in Appendix 8.3, included dichotomous
variables for Actionscript programming codes that could reasonably be expected
from introductory game design students which are measured for their presence or
absence by a simple review of the .FLA and .SWF files (1 = present; 0 = absent).
Furthermore, games were more subjectively evaluated for their design attributes
built into the game, involving the following categories: visual and sound design
elements, gameplay experience, concept development, and genre. Games were
judged on a 3-point scale: 1 = Not present/insufficient representation;
2 = basic/introductory representation; 3 = well-developed representation.

To test inter-rater reliability, Reynolds and Chiu (2012) computed the kappas for
each section of the coding scheme among a set of 3 coders who coded 10 % of the
dataset with the following results: Actionscript programming evaluation, 0.85;
visual and sound design evaluation, 0.81; gameplay experience evaluation, 0.87;
concept development evaluation, 0.75. Appendix 8.3 presents this content analysis
approach, which was used for research purposes but can be adapted as a rubric for
practitioner use.
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The resulting score for each game measures the quality of the game at the team
level of analysis, and the team scores ranged from 16 to 61. The team score is
interpreted to be the maximum extent of student expertise any one individual on
that particular team may have reached. Note that this team approach to evaluation of
a team-based artifact is quite different from the traditional school practice of
individualized assessment as team-oriented evaluation is found to be able to
incentivize more effective team collaboration and cooperation. Overall, such an
outcome measure, if created and tested for reliability, can be used in educational
evaluation and social science research.

Although inter-coder reliability assessment may not be feasible for the practi-
tioner and rubrics are commonly utilized in education, such schemes for digital
products are expected to become more widely available. The scheme approach
shown in Appendix 8.2 can be adapted for educators who need to develop their own
assessment of their students’ inquiry project-based learning artifacts, considering
the learning goals and objectives in one’s own given context.

8.3 Conclusion

Various instruments for assessing twenty-first century skills and a sketch on what
has been done worldwide to assess different skill components in the P21 framework
have been introduced in the first part of this chapter. While an assessment tool may
be well suited for the evaluation of more than one component of twenty-first
century skills, multiple tools are often applied in assessing one particular compo-
nent. Appropriate assessment methods need to be carefully chosen and adapted for
both teachers’ and students’ benefits and needs.

It is the authors’ goal to suggest an assessment approach based on empirical
evidence drawn from different ways of monitoring students’ work. Therefore, in the
second part of the chapter, research projects conducted by them are presented. In all
the case studies included, the researchers assess the respective skill components
using evidence-based methods, including extracting data from records of student
performance and collaboration during the intervention, self-assessments,
custom-made assessment tools, application of learning analytics, questionnaires,
and content analysis of artifacts produced by students. These assessment tools
enable students to demonstrate their proficiency in various skills in a low-risk
environment in comparison to standardized tests; they are also tailored to best
reflect students’ competency in the area under investigation, as one specific skill
may need to be assessed in a different way than the next (Redecker and Johannessen
2013). With a suitable assessment method, students’ competency can be effectively
activated, and with quality assessment, teaching and learning is promoted to the
students’ advantage.
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Appendix 8.1 Back-Translated Version of the IL
Assessment Tool (Adopted from Chu 2012)

IL assessment tool
Question 1 (TRAILS, Sixth Grade General Assessment 1, Q1)
Your teacher wants you to choose one religion and create a handout on that religion to introduce
it. Which of the following subtopics below would you not include in the handout?
A. World population
B. Countries where the religion is found
C. Customs and holidays
D. Religious symbols

Question 2 (TRAILS, Sixth Grade General Assessment 1, Q2)
When you are assigned a research project, the topic of the project is often too broad. You will
have to narrow it down. In each pair of the topics below, select the topic that is narrower.
A. Outer space
B. Planets

Question 3 (TRAILS, Sixth Grade General Assessment 1, Q22)
Which of the following is not a reason why you should cite your sources?
A. Citing gives credit to the author or the first person of the idea.
B. Citing shows that you have researched the idea.
C. Citing allows another person to identify the complete work that you used.
D. Citing tells readers where to purchase the complete work that you used.

Question 4 (TRAILS, Sixth Grade General Assessment 1, Q6)
The assignment for a health class is to find facts about childhood obesity. You want to save time.
Before typing “childhood obesity” into the Google search engine, which website should you
check first?
A. “Healthy Adults”—www.healthyliving.org—health information for adults
B. “Lose Weight Now”—www.dietnow.com—several diet plans are explained
C. “Kid’s Health”—www.kidshealth.org—children’s health topics are discussed
D. “Food For Life”—www.foodgoodforyou.com—healthy food choices

Question 5 (TRAILS, Sixth Grade General Assessment 1, Q9)
If you wish to find books by Cha Leung Yung, what kind of catalog search should you try?
A. Title search
B. Author search
C. Subject search

Question 6 (TRAILS, Sixth Grade General Assessment 1, Q12)
Your friend tells you about a website where you can download the latest songs that you hear on
the radio for free. If you use this website for this purpose, which of the following will you
violate?
A. Right of privacy
B. Copyright
C. Freedom of information

Question 7 (TRAILS, Sixth General Assessment 1, Q10)
You are told to create an informational pamphlet on animals. Your topic is giraffes. Select from
the following websites one with the most credible information about giraffes.
A. www.ourgiraffes.org—A site created by scientists studying mammals

(continued)
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(continued)

B. www.sunnyschool.p6.hk/chan—A site about zoo animals created by Mr. Chan’s sixth grade
students

C. www.visitanddiegozoo.org—A site created by supporters of the San Diego Zoo
D. www.safaripictures.com—A site created by a tourist who visited Africa

Question 8 (TRAILS, Sixth General Assessment 1, Q14)
If you wish to find Joanne Kathleen Rowling’s “Harry Potter,” which library resource would you
use?
A. Library catalog or online catalog
B. Video collection
C. Reference tool
D. Periodical database

Question 9 (TRAILS, Sixth General Assessment 1, Q16)
Read the following sentence and decide whether the sentence is a Fact or an Opinion.
“Smoking is bad for health.”
A. Fact
B. Opinion

Question 10 (TRAILS, Sixth General Assessment 1 Q16)
Read the sentence and decide whether the sentence is a Fact or an Opinion.
“Smoking should be banned.”
A. Fact
B. Opinion

Question 11 (TRAILS, Sixth General Assessment 1, Q18)
On a recent hike you saw an unfamiliar bird. You want to hear what sound this bird produces.
Which library source would allow you to identify the bird and also hear the bird’s sound?
A. A bird identification DVD
B. A printed field guide on birds
C. A general encyclopedia

Question 12 (TRAILS, Sixth General Assessment 1, Q15)
You have used a search engine to locate websites on the negative effects of drugs on teenagers.
Below are some websites that your search retrieved. Read the site description and choose the one
that would best meet your information needs.
A. www.addictionscare.com—a 24-h hotline regarding drug addiction in your community
B. www.teendrugabuse.org—describes how illegal drugs affect teenagers’ brains
C. www.teenscenezeen.org—explains how to say “no” to drugs at a party
D. www.teendrugabusers.us—provides assistance to parents with troubled teens

Question 13 (TRAILS, Sixth General Assessment 1, Q23)
You are unsure about how to check out materials from the school library. Which source would
not provide information on the library’s checkout procedures?
A. The school newspaper
B. A pamphlet describing the library’s rules and procedures
C. The librarian
D. Information signs at the checkout desk

Question 14 (TRAILS, Sixth General Assessment 1, Q24)
Your teacher wants you to write a report about Dr. Sun Yat Sen. Read the paragraph below and
find the information that would help you answer this question: What did Dr. Sun Yat Sen
accomplish during his presidency?

(continued)
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(continued)

Dr. Sun Yat Sen was an important figure in modern Chinese history. He was the first provisional
president of the People’s Republic of China. He played an instrumental role in inspiring the
overthrow of the Qing Dynasty and established the People’s Republic of China, which makes
him a world-renowned revolutionist. In 1925, Sun passed away because of liver cancer.
A. Sun passed away because of liver cancer.
B. Sun was the first provisional president of the People’s Republic of China.
C. Sun played an instrumental role in inspiring the overthrow of the Qing Dynasty and

established the People’s Republic of China.
D. Sun is a world-renowned revolutionist.

Appendix 8.2 Questionnaire on Students’ Familiarity
with IL and IT Skills (Taken from Chu et al. 2011)

Before the inquiry-
based learning
projects

After the inquiry-
based learning
projects

Perceived level
of importance

Level of familiarity
1 = Not familiar
5 = Very familiar

Level of familiarity
1 = Not familiar
5 = Very familiar

1 = Not
important
5 = Very
important

A. Sources/databases:
The use of the school
library

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

School library‘s online
catalog

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

The use of public
libraries

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Public libraries‘online
catalog

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

WiseNews 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Google 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Yahoo 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

School/Library
suggested websites

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Others, please specify

B. Search skills &
knowledge:
Dewey classifications 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Reference books 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Newspapers 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Keyword search 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
(continued)
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Before the inquiry-
based learning
projects

After the inquiry-
based learning
projects

Perceived level
of importance

Boolean
operator ―And‖

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Boolean
operator ―Or‖

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Boolean
operator ―Not‖

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Others, please specify:

C. IT skills and
knowledge:

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Jiufang input method 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Canjie input method 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Writing pad 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

PowerPoint 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Excel 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Others, please specify:

Appendix 8.3 Coding Protocol for a Digital Literacy
Intervention Involving Student Inquiry-Based Learning
and Construction of Digital Artifacts

1 Game Design
Programming
Features, Basic
(0 = not present;
1 = present)

How it looks in the
Flash .SWF game
file

.FLA Actionscript Code
to search in Flash project
file

SCORE

1.1 roll over/roll out When you place the
mouse over or move
the mouse off an
object without
pressing it, does
something happen?

Symbol.onRollOver
**or** Symbol.onRollOut

1.2 Button presses When you click a
button on the screen,
does something
happen?

onRelease

(continued)
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1.3 hit test/collision
detection

When two objects
on the screen
overlap or collide,
does something
happen (such as
points gained/lost,
color change)?

Symbol.hitTest
(otherSymbol)

1.4 key press Does something
happen when you
press the keys on the
keyboard (like the
arrow keys)?

if Key.isDown(Key.
NAMEOFKEY) {effect of
key press}

1.5 on enter frame * (You will have to
check the FLA and
code.)

onEnterFrame = function
() {continuous looping
code }

1.6 timer * Does this game have
a time limit or do
certain things
happen at timed
intervals? (You will
have to check in
FLA for the latter.)

setInterval

2 Game Design
Programming
Features,
Advanced
(0 = not present;
1 = present)

How it looks in the
game design .SWF
game file

.FLA Actionscript Code
to search in Flash project
file

SCORE

2.1 drag and drop Can you click and
drag a symbol to
move it and release
the mouse button to
drop it?

Symbol.startDrag(this);
***or*** Symbol.
stopDrag();

2.2 dynamic text or
input text

Dynamic Text (e.g.,
score counter): the
text changes
depending on your
actions—might have
to find in
Actionscript to
ensure its dynamic
text. Input Text: you
can type text into a
text field

Dynamic Text:
textBox.text = “Your Text
Here”; || Input Text:
output = input; or .
htmlText

(continued)
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2.3 preloader Is there a preloader
before the game
appears?

var total = this.
getBytesTotal();
this.onEnterFrame =
function(){
loaded = this.
getBytesLoaded();

2.4 load sound Does the game have
sound?

my_sound.attachSound
(“soundIdentifier”)

2.5 Physics engine Do characters
accelerate (as
opposed to moving
at a fixed rate)? Can
they jump?

anything mentioning
“isJumping,” “velocity,”
“landspeed,” or “gravity”
will denote presence of a
physics engine, generally

2.6 variables* You will have to
look in the code

var name = value;

3 Design, Content
Evaluation:
Evaluate on a
scale of 1 to 3

1 = Not present/insufficient representation;
2 = basic/introductory representation;
3 = well-developed representation

3 Visual and sound design elements

3.1 The visual design of the game creatively reflects the concept of the game
(e.g., the designer uses color, shapes, and patterns so that the visuals and
design reinforce the ideas in the game design plan)

3.2 The visual/graphic style is consistent throughout the game (e.g., elements
of color-scheme, character design, and gameplay objects are held consistent
throughout the game)

3.3 Sound is used to enhance gameplay (e.g., no sound = 1; if certain objects
have sound embedded = 2; if sound is used to enhance experience
overall = 3)

3.4 Non-player moving characters and animated objects make the game
dynamic (e.g., graphic animation elements are created and included as files)

3.5 The game feels immersive, e.g., includes perspective-taking features in the
artwork and player characters such as a first-person viewpoint for the avatar

4 Gameplay experience
4.1 The game instructions are clear and helpful to the viewer

4.2 The game provides helpful feedback when the player advances or fails to
advance through the game (e.g., quiz game provides feedback on a
response; when a character dies, a life is lost or a message appears)

4.3 The game is navigable and intuitive to use

4.4 Game mechanics are simple to understand and learn, but offer increasing
levels of challenge

4.5 Based on their game design plan on the wiki, students have a clear idea of
their “audience,” and their game design as executed is appropriate for this
audience

(continued)

188 8 Assessment Instruments for Twenty-First Century Skills



(continued)

5 Concept development
5.1 The object/purpose of the game is clear from the beginning (the game

provides context for the gameplay up front)

5.2 The subject of the game is integrated throughout, not fragmented. See
whether there is a message storyline or content present in the game. Is the
topic/material complex and presented through the game?

5.3 Any facts included are presented accurately and reflect research

5.4 The educational material/game concept is not just presented as a quiz but is
represented in a creative way in the gameplay. See whether game
concept/storyline is coherently integrated with the mechanics and gameplay
(e.g., challenge questions offered in an educational game are related to the
action and gameplay)

5.5 The game has an ending/conclusion that provides closure to the player

5.6 The game design document on the wiki is thorough, clear, and
understandable

5.7 The paper prototype video is present and thorough in its initial outline and
scope

Note Life and career skills are not included in the table as they are relatively difficult to be
measured quantitatively
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Chapter 9
Summary and Conclusions

This book has taken the reader through a journey of being introduced to inquiry
project-based learning approaches derived from the theories of social construc-
tivism, and understanding the link between such approaches and the emerging new
national and association standards frameworks for twenty-first century learning and
teaching. It has considered collaborative teaching and learning as well as knowl-
edge sharing through the employment of social media (such as wikis) and learning
management system platforms, and has explored avenues through which gamifi-
cation and game design can offer motivational support and opportunities for quality
learning in inquiry-based contexts. We have also discussed ways in which teaching
practices may vary in different educational settings, given cultural, socio-political
and infrastructural diversities, as seen from the variations that exist across the
projects in schools in Hong Kong, China, Switzerland, and the U.S. The book has
put forward a range of strategies that facilitate twenty-first century skills education
from the perspective of pedagogical design, teacher education and assessment
methods.

Just before the publication of this book, the National Education Technology Plan
of 2016 was released in the U.S., updating the guidelines mapped out in the original
Plan of 2010. The latest plan recommends that a number of bold actions be devised
to affirm the role of technology in helping close the achievement gaps seen in U.S.
schools of today. Central to the imperatives of the new plan are the following
augmentations (Smith 2015):

• Redesigning teacher preparation programs, shifting from a single technology
course to deliberate and integrated use of technology throughout a teacher’s
preparation, and developing minimum standards for higher education instruc-
tors’ technology proficiency

• Universally offering equitable access to technology and connectivity inside
and outside of school, regardless of students’ backgrounds

• Supporting the shift to high-quality openly licensed educational materials,
in electronic form, in place of traditional textbooks
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• Implementing universal design principles for accessibility across all educa-
tional institutions and including these principles in teacher preparation programs

• Improving technology-based assessments, covering embedded assessment
during online instruction, offering real-time feedback for students and diag-
nostics for educators

• Establishing a robust technology infrastructure for today’s schools, meeting
current connectivity goals, with ongoing ease of augmentation toward future
demands.

Teacher professional development figures especially large in the new updated
plan, which calls for educators to be trained to teach in both blended and online
learning formats, and technology competencies for teachers and professors to be
developed. It is our sincere wish that this book may be useful for these purposes, by
providing educators around the world with practices, activities, tools, and assess-
ment strategies backed up by rigorous educational research. We believe that this
will aid educators to more effectively implement technology-supported inquiry
project-based learning interventions that lead to strong benefits in their students’
dispositions, practices, expertise, and knowledge in core curriculum domains as
well as in twenty-first century skills.

Here, we summarize and make some further recommendations for the stake-
holders who bear important responsibilities in bettering education in the changing
technology-driven landscape of the modern day. These groups of people include
teachers, teacher educators, school librarians, policymakers, and education
researchers.

9.1 For Teachers

Educators’ roles are evolving worldwide, as shared recognition grows for the need
to include students’ twenty-first century skills as learning objectives. To enable this
shift to actualize more fully, a new vision toward education and a mind open to
adaptation and change are key assets for educators in this era. Inquiry-based
learning methods require teachers in some ways to “let go” of their role as the
absolute authoritative knowledge source of the classroom, and more readily adopt
student-centered approaches that meet learners’ needs at the individual level. For
the development of twenty-first century skills, supporting students will also require
teachers to become more technologically advanced themselves in order to serve
more aptly in their capacity as expert guides.

While social constructivist and inquiry-based approaches encourage a facilitative
role, this does NOT mean that educators expect students to teach themselves.
Students need guidance and support via what Kuhlthau et al. (2007) call a Zone of
Intervention. Research suggests that interventions involving student inquiry and
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information-seeking on project topics in a core content knowledge domain and/or
help-seeking for technical problem-solving (e.g., graphic design or coding and
programming) require thoughtful scaffolding on inquiry processes (Reynolds
2016a). It may not suffice to define a task for students such as creating a digital
story-telling project or digital game/simulation, and then immediately send them
straight down a self-driven path of inquiry. Students need concrete and structured
guidance and instruction on information literacy in order to learn how to suc-
cessfully locate, evaluate, interpret and utilize information resources to meet their
task-driven inquiry goals and to produce an outcome-based artifact (2016a). The
best teachers have a special capacity—critical discernment—to know when to
impart information skills and knowledge at strategic, optimal moments in the
instructional sequence for successful inquiry PjBL implementation.

At times, teachers are advised to hold back their instincts to solely instruct and
lecture, and to create room for students to contemplate, inquire, and formulate ideas
for themselves. At other times but not always, teachers may need to closely and
tightly intervene. Striking this balance is the artful work of educators.
Experimentation with inquiry-based learning models calls upon one to embrace the
messiness and uncertainties that may arise in the process. Educators must learn to
welcome the challenge of diving in at the right moment, without possessing all the
knowledge and skills they might need upfront. Rather, a disposition for co-learning
alongside students will be key. Educators must have the courage to start from where
they are, and build the pedagogical and technical domain skills as the evolution
continues. Without such a drive and faith in our own adaptation, students will not
have a solid example to follow and will remain stuck in a classroom culture of
top-down instruction and rote learning.

Below are some broad principles to encourage pioneering teachers to launch into
implementing inquiry-based learning pedagogy:

• Understand the twenty-first century world and its expectations on its
citizens

• Reflect on the role of education specific to the needs of the learner
• Choose engaging inquiry PjBL projects, inquiry processes, and innovative

digital artifacts reflecting student knowledge construction

– For instance, stay current on new trends in robotics, geo-tracking
mobile app development and other new artifact forms for digital
construction toward which your students may apply their inquiry
processes

• Practice student-centered pedagogies
• Minimize the insistence on lectures
• Adopt the role of facilitators
• Scaffold and structure student learning as needed, given observations

in situ on skills gaps
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• Interweave information literacy instruction that supports students’ creative
work, in consultation with the school librarian

• Accept learning as a messy and nonlinear process
• Welcome collaboration and sharing among colleagues
• Commit themselves to lifelong learning.

9.2 For Professors and Teacher Educators

The higher education curriculum can be designed or modified in a way that fosters
the acquisition and development of twenty-first century skills among learners; for
example, by making use of interactive information technology in teaching and/or
offering more project opportunities for learners to collaborate with one another and
take an active role in co-constructing knowledge. However, none of these can be
done effectively unless reinforced by appropriate pedagogies and skills. Therefore,
professors in schools of education, teacher educators, have a vital role to play in
facilitating teachers’ adaptation to the drastic changes of the education landscape.
Teacher training institutions should help prospective and in-service teachers realize
the demands and challenges that the education sector faces in the twenty-first
century. Being able to situate education in the time of the students, instead of
perceiving education input as being something static over time, is essential for
teachers to reflect on their teaching philosophy and goals to better cater for learner
needs. In addition to grooming teachers’ ability to critically reflect on and rethink
education, it is crucial that teacher educators provide adequate support to teachers in
order to help them cultivate, develop, and strengthen the knowledge and skills
needed for twenty-first century education. To be specific, twenty-first century skills
such as information literacy, media literacy, and information and communication
technology (ICT) literacy are relatively new to many teachers who used to be
receiving a more traditional type of education which focused more on reading
literacy. Deliberate attention and support should be provided in helping these
teachers, especially senior teachers, who may tend to struggle in the acquisition of
IT skills, which are deemed necessary assets in inquiry learning pedagogies. In
brief, teacher educators are encouraged to

• Understand the twenty-first century world and its expectations on its
citizens

• Reflect on the role of education specific to the needs of the learner
• Stay updated on trends in the learning sciences and information sciences

around inquiry-based and social constructivist pedagogical techniques
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• Adapt program curricula annually to reflect the constantly evolving
knowledge base of best practices

• Provide adequate support to teachers to acquire new knowledge and skills,
including hands-on internship and practical experiences

• Offer courses that promote student-centered pedagogies
• Model student-centered pedagogies in their own teaching
• Take up and model the role of facilitators, who also stay closely in tune

with students’ individualized learning needs
• Support teacher trainees in their own pathways of discovery and feelings

of agency and creative license to innovate.

9.3 For School Librarians

On top of preparing teachers’ mindset to try out a new approach to teaching and
learning, it is of paramount importance to foster tighter collaboration among
teaching staff, school librarians, and administrative staff within schools in order to
cultivate an environment more conducive to multi-disciplinary learning among
students. Particularly, the authors see great potential in teacher librarians taking up
further responsibilities in the teaching and learning process (Chu 2009). There has
been a growing wealth of literature on school librarianship which advocates
librarians’ leadership as well as decision-making and practice based on best
available evidence with a focus on demonstrating positive outcomes and contri-
butions to schools’ learning goals (DiScala and Subramaniam 2011; Todd 2009).
Evidence-based practice nurtures librarians to be reflective practitioners, actively
seeking ways to help students meet their learning goals (Todd 2002). With their
expertise in information literacy, they are of enormous value to the school in
supporting teachers in guiding students toward completing plagiarism-free inquiry
learning projects (Lee et al. 2016). School librarians are also urged to adopt a more
proactive role to promote a habit of reading among students through, for instance,
organizing library reading sessions and making use of technologies (e.g., e-books
and e-quiz platforms, see Wu et al. 2014) so as to scaffold students’ development of
reading skills. All in all, they are advised to grasp opportunities to

• Take up a more active role in teaching information literacy
• Seek and welcome collaboration with the teaching staff
• Offer advice and recommendations to teachers on the development of

information literacy among students
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• Utilize research evidence to inform practice
• Consider specific needs of students with diverse capabilities
• Organize activities to promote students’ reading habits and foster their

reading skills, in addition to inquiry process skills.

9.4 For Policymakers

A study by Reynolds and Chiu (2015) has found that inquiry project-based learning
interventions such as those advocated in the Globaloria game design project dis-
cussed in Chap. 5 can attenuate digital divide effects. In particular, results of this
study have indicated that substantive digital literacy interventions like these erase
the effects of gender on digital skills, reduce the effects of socioeconomic status as
measured by parent education, lessen the effects of prior school achievement and
show preliminary evidence that the project removes the effects of race. Notable
shifts in digital skills have also occurred that ameliorate digital divide gaps usually
seen in the general population, which, if implemented at a larger scale, is believed
to present sizable changes in greater populations. This result signals to policy-
makers that school-based programs aiming to nurture learners’ twenty-first century
skills may be helpful to close the digital divide gaps.

From the literature and our own understanding of the world’s education system,
we note that examinations in the form of standardized assessment have become, to a
considerable extent, a central part of national education systems worldwide. As
much as it is the most direct tool to evaluate students’ knowledge, it is also a severe
hindrance to inquiry-based twenty-first century skills education. Most standardized
tests exert extensive pressure on teachers to give direct input to students and
generate an examination-oriented learning atmosphere, rather than facilitating stu-
dent learning by means of inquiry (Ming Pao 2015; Nadworny and Kamenetz
2016). Teachers are not the only ones who are affected by this pressure; students
become less motivated to engage in self-initiated learning too because of the heavy
weighting of tests and examinations on their report cards. Educators and policy-
makers involved in formulating education policies should be mindful that apart
from subject knowledge, they also have to adequately assess how students make use
of other twenty-first century skills such as critical thinking, reading skills, and
digital literacy. Standardized assessments can hardly be a comprehensive tool to
help students consolidate and help teachers evaluate how well students have
mastered the skills.

Teachers will be driven to establish a more inquiry-based and student-centered
learning ethos when the education system is designed to help students become
adaptive to the ever-evolving society. Existing rigid frameworks neglect students’
genuine needs. We propose that space in the block schedule be created for
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alternative methods such as those espoused herein to be tried out. Assessments
should not be seen to be an obstacle to the acquisition of twenty-first century skills.
This challenge is obviously substantial, but the stakeholder audience of this book
can make a difference by sponsoring and implementing programs such as those
advocated in the various chapters, and by highlighting as well as advocating suc-
cessful implications and cases if and when positive results are yielded. This work is
happening in some schools that we have reported on in our research studies dis-
cussed in the book. A “make-it-happen” attitude is essential to success.

Furthermore, developing digital literacy among teachers and students requires
more than just making use of IT in teaching; the authority needs to understand that
without sufficient government support, technology will never reach the desired level
to facilitate the inclusion of twenty-first century skills into the syllabus. Not only
should government policies align with the commitment to provide training
opportunities to teachers, policymakers should also reconsider the government’s
budgets so that adequate financial support is provided to schools to enhance the
infrastructure for twenty-first century classrooms. To encapsulate what has been
stressed, policymakers need to

• Adjust curriculum and assessment methods in accordance to twenty-first
century skills

• Provide sufficient opportunities and time for teachers to undergo addi-
tional training specific to the needs of a twenty-first century classroom

• Ensure financial support is provided to schools to furnish and maintain
IT-equipped classrooms.

9.5 For Researchers

Collaborative and coordinated efforts of education researchers alongside technology
developers, education policymakers and educators will help ensure that student
learning experiences are of a high quality. One of our aims is therefore to make this
book a launching point for more research in the field of twenty-first skills education.
In the disciplines of the learning sciences and computer-supported collaborative
learning, researchers target at generating new learning and instructional design
theories and principles that address effective design of learning technologies. Many
studies in these disciplines draw upon design-based research as a methodological
paradigm (see Barab and Squire 2004; Cobb et al. 2003; Wang and Hannafin 2005;
Williamson and McGregor 2011). Studies involving educational technology
research and development in these areas are quite rigorous and advanced, and
associated with the aims of twenty-first century skills education.
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The studies cited here in the entire book employ a variety of research methods
and pedagogies. There are a number of outcomes that might be measured, linked to
the objectives of any given intervention. Reynolds (2016b) notes the extent to
which definitions of “digital literacy” vary, and our book has synthesized many of
the policy frameworks for digital and information skills. Consequently Reynolds
(2016b) offers a newly proposed modular framework for the conceptualization of
“digital literacy” that invites anyone using it in research to (a) explicate the theo-
retical, conceptual, and pragmatic terrain underscoring their definition of digital
literacy, (b) establish operational linkages for the instruction and student practices
being implemented to meet the objectives stated in the given definition, and
(c) re-evaluate the researcher’s measurement operationalizations for digital literacy
(e.g., knowledge tests, surveys, interviews, content analyses). Educators may fur-
ther want to define rubrics and assessments to be utilized in the classroom, as we
have discussed in Chap. 8 of the book. This framework aims to invite greater
coordination of studies for comparison; if researchers choose to adopt it, then those
meta-analyzing studies will be able to discern commonalities and differences among
definitions, instructional practices, and operationalizations, strengthening the clarity
of the evidence base documented in Reynolds (2016b).

In this vein, the authors of this book invite more research from other learning
and instructional design researchers to enable us all to gain more insights into what
are the necessary and sufficient conditions in intervention design (e.g., program
duration and frequency, activity structure, and sequencing, resources needed, tea-
cher involvement) for achieving learner success for any intended outcome (e.g.,
digital literacy, subject area knowledge gains). Researchers are encouraged to
consider both short- and long-term effects as well as the varying life and career
effects that have been included in several of the twenty-first skills frameworks.
Ultimately, instructional design research serves to bring about good practices. The
book is a step in this direction as it pertains to inquiry project-based learning. We
are keen on advancing our understanding of what we might expect for the lower and
upper limits of the effects that may be realized, and what kinds of sustainability
requirements are essentially needed for achieving such effects and for influencing
real social mobility potential—an integral educational objective and a broadly
shared goal for the authors with the hope that students will benefit.

Education researchers have to work actively and collaboratively to identify open
questions—theory- and evidence-based—for future research. We have to establish
and maintain a community of scholars for disseminating findings and best practices
that emerge from research so that the chances of reinventing the wheel are mini-
mized and effort in bettering education can be redoubled. Through collaboration,
we strive to locate comparable contextual factors that are shared and that vary in
different implementation models so as to help frontline teachers and policymakers
adopt pedagogical approaches that maximize teaching and learning specific to their
contexts. Researchers are also prompted to propose comparative studies and anal-
yses across different education settings to deepen our understanding of the role
played by cultures in pedagogies that harness twenty-first skills development. To
move forward, our recommendations are to
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• Formulate open questions for future research
• Identify comparable contextual factors for implementation considerations
• Propose comparative studies across different contexts
• Develop a community of scholars for sharing findings and best practices.

9.6 What is Next?

While suggestions have been made for individual stakeholders to reflect on, edu-
cational professionals have to bear in mind that there is no perfect formula that will
work in all education systems; different countries must adopt varying policies in
light of their historical and cultural diversities. It is also not possible to improve an
education system in one night, have all students equipped with twenty-first skills in
one go and have all classes conducted in an inquiry-based setting without any
challenge. It takes continuous, concerted, and tremendous efforts for education
practitioners and researchers to work out and enforce education policies that are
most suitable for one place. The most significant thing is to be able to discover and
face the prevailing problems in the system and to courageously seek ways to
overcome them with appropriate policies and interventions. Provided with the
affordances and constraints of the existing education contexts around the world, this
book puts forward various forms of interventions that have been proven to be
effective in promoting and sustaining students’ development of twenty-first skills.

As the authors of this book are finalizing on the manuscript of this chapter, we
are approaching the year 2017. While we are dedicated to addressing the rapid
changes in the twenty-first and preparing our younger generation for the future
world, human beings are moving swiftly toward the twenty-second century in
which more uncertainties are awaiting us. Good education should always think
ahead of time and get people ready to cope with upcoming challenges. Rome is not
built in one day. Efforts to transform education must be fueled by robust research
and frontline observation. It is therefore imperative to embrace a new vision toward
education for the future and a liberal mind open to adaptation and positive change
to empower our learners with the knowledge and skills to thrive in the increasingly
complex and fast-moving world of tomorrow. We offer encouragement for those
who will apply the ideas presented, in the swiftly shifting education environments
of today—across continents.
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