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Preface

Changing student profiles and the increasing availability of mainstream and
specialised learning technologies are stretching the traditional models of teaching
and learning in higher education. Web-based lecture technologies, for example, are
often associated with reduced lecture attendance, bringing their dominant position
within university culture into question; online collaborative and conferencing tools
enable students to communicate and collaborate from diverse locations freeing up
their need to come to campus; and the increasing use of mobile devices is changing
the design of teaching and learning spaces.

Research provides strong evidence of the potential of technologies to facilitate
cognition and learning. We also know that technologies do not work in isolation of
the broader curriculum and where technologies have been bolted on, rather than
integrated in a holistic way, students are in danger of an inferior learning experi-
ence. Hence, their use needs to be designed with awareness of not only their poten-
tial for facilitating learning, but with an understanding of their potential impact on
the whole learning environment.

This edited volume gives insights into how teaching and learning can be done
differently. It features current research exploring new theoretical models relevant to
the changing circumstances, examples of practice which capitalise on the potential
of technologies to deliver alternatives to the more traditional lecture-based model of
university teaching, and an examination of the challenges facing institutions in
transforming innovation into sustainable practice. We organised the chapters
included in this edited volume into four major parts: (1) theoretical consideration
for the twenty-first century curriculum, (2) case studies: moving beyond traditional
practice, (3) technological and pedagogical innovations influencing curriculum
renewal, and (4) sustainable practice in technology-rich environments.

The first chapter explores the imperatives of changing student profiles, the per-
vasive influence of technologies and the pressure to produce work-ready graduates
with more than discipline knowledge as consistent themes giving rise to new cur-
riculum models in the twenty-first century (Maree Gosper & Dirk Ifenthaler, Chap. 1).
In Part I, chapters address theoretical foundations for the development of curricula.
Chapter 2 explores many of the pedagogical options available to higher education
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instructors that ensure multimodal resources and constructions are included in new
forms of pedagogy. It is argued that students are now able to explore new ways of
accessing and connecting content to multimodal forms of representation in order to
break away from text, time, and place (John G. Hedberg & Michael Stevenson,
Chap. 2). The next chapter examines how curriculum design needs to be influenced
by the effective development of virtual collaborative learning environments. It is
suggested to devise more adaptive, educationally focused teaching and learning
strategies which reflect the current realities of social Internet use (Stephen Quinton
& Matthew Allen, Chap. 3). Next, the Maori concept of Ako is used to explore the
reality of an open curriculum and to suggest a model for open education that is
defined less by technology and more by the structured social experience of educa-
tion (Stephen J Marshall, Chap. 4).

In Part II, chapters focus on case studies which move beyond traditional practice
of teaching and learning. In the first chapter of this part, authors present a theoretical
insight into research-based learning and teaching which integrates learning, teach-
ing, and research. The case study describes a curriculum for descriptive and infer-
ential statistics using the research-based learning and teaching approach and
provides reflections on further implementation of research-based learning and
teaching, including the adoption of new technologies to assist this important
approach of university education (Dirk Ifenthaler & Maree Gosper, Chap. 5). The
next chapter introduces an approach to address the changing needs of engineering
education. Shifts from instructors to orchestrators of learning, from passive students
to active students, from lower cognitive levels to higher levels, and to creative
learning communities are illustrated (Farrokh Mistree, Jitesh H Panchal, Dirk
Schaefer, Janet K. Allen, Sammy Haroon, & Zahed Siddique, Chap. 6). Chapter 7
provides insights on how to create and sustain an enterprise-based curriculum as an
alternative curricular model to educate instructional designers (Ana-Paula Correia,
Chap. 7). Next, the interteaching approach is introduced which shifts the focus from
lectures to tutorials. The case study describes the implementation of interteaching in
a second-year psychology course, exploring the impact for both students and staff
(Mandy Kienhuis & Andrea Chester, Chap. 8). The case study reported in Chapter 9
reports a blended learning approach using situated learning to redesign the curricu-
lum of cell, plant, and microbiology courses in a first-year science programme.
Findings indicate efficiencies and heightened motivation for both staff and students
(Danilla Grando & David Santandreu Calonge, Chap. 9). In the final chapter of this
part, the case of Chiropractic instructors who changed the curriculum for their
second-year undergraduate students by integrating case-based learning in a multi-
media format is reported. The media annotation tool positioned the case videos into
an active environment requiring small group and scaffolding activities to stimulate
clinical thinking (Meg Colasante, Amanda Kimpton, & Jennifer Hallam, Chap. 10).

In Part III, chapters address technological and pedagogical innovations influenc-
ing curriculum renewal. In first chapter of this part, three common ways in which
students are helped to make connections between their university learning and their
more practically oriented learning are discussed: work integrated learning, inquiry-
based learning designs and simulations. Then, rich media technologies are addressed
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which can link university classrooms with sites of professional practice (Barney
Dalgarno, Gregor Kennedy, & Alan Merritt, Chap. 11). The next chapter presents a
combination of technological and pedagogical advances. This techno-pedagogy is
fostering a transition from the traditional learning management system model to a
more integrated social learning network (Benjamin E. Erlandson, Chap. 12).
Chapter 13 investigates the characteristics of effective podcasting in an educational
psychology class. It is argued that when podcasts are used as primary method of
instruction, there is a need to address students’ perceptions of lecturer intent (Penny
Van Bergen, Chap. 13). Next, an overview of research issues related to digital game-
based learning with an emphasis on its application in formal education settings is
provided (Hercules Panoutsopoulos, Demetrios G. Sampson, & Tassos Mikropoulos,
Chap. 14). Chapter 15 explores changing conceptions of learning brought about by
technological changes and opportunities, and examines more closely potentials of
video games for education (Dana Ruggiero, Chap. 15). Next, theoretical instruc-
tional design foundations are discussed that are helping revolutionise simulation in
the fields of aviation and healthcare (Jill E. Stefaniak, Chap. 16). The potential of
virtual worlds for higher education is addressed in the next chapter. The range of
challenges associated with implementing these environments into curricula is criti-
cally reflected (Helen Farley, Chap. 17). The final chapter of this part reports on the
results of a pilot of an e-portfolio tool involving different curriculum contexts across
two semesters. The need for e-portfolios to be embedded into appropriately designed
tasks is made evident through a mixed methods approach (Margot A McNeill,
Amanda, Parker, Andrew Cram, Chap. 18).

In Part 1V, chapters present sustainable practice in technology-rich environ-
ments. The first chapter of this part investigates art students’ experiences of inquiry
using technologies. The study emphasises that effective curriculum design requires
an “a priori” understanding of quality experiences of technology-mediated learning
(Robert A. Ellis, Chap. 19). The next chapter discovers common challenges faced
by innovators and explores ways that universities could become more active con-
tributors to sustainable curriculum change (Cathy Gunn, Chap. 20). Chapter 21
identifies challenges of an academic leader working to improve and sustain quality
learning and teaching in an information-rich environment (Judyth M. Sachs,
Chap. 21). The final chapter presents an adaptive model that embeds learning
technologies into pedagogical design at an early phase of curriculum renewal and
development. It demonstrates the processes and resources needed for a learning
design approach that integrates technologies into curricula for sustainable practices
(Judith P. Lyons, John Hannon, & Claire Macken, Chap. 22).

Without the assistance of experts in the field of curriculum design, the editors
would have been unable to prepare this volume for publication. We wish to thank
our board of reviewers for its tremendous help with both reviewing the chapters and
linguistic editing.

Sydney, NSW, Australia Maree Gosper
Melbourne, VIC, Australia Dirk Ifenthaler
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Chapter 1
Curriculum Design for the Twenty-First
Century

Maree Gosper and Dirk Ifenthaler

Abstract Changing student profiles, the pervasive influence of technologies and
the pressure to produce work-ready graduates with more than discipline knowledge
are three consistent themes giving rise to new curriculum models in the twenty-first
century. The new approaches are both exciting and challenging—exciting because
they offer new and enhanced opportunities for students to learn and challenging
because they are charting new territory which has implications for institutional
infrastructure, learning, and teaching. In this chapter we explore the imperatives for
change and set the context for the theoretical models, curriculum designs, and inno-
vations presented by the contributing authors.

Keywords Curriculum design ¢ Learning technologies ¢ Student diversity
* Graduate capabilities

1.1 Introduction

A necessary precursor to exploring curriculum designs for the twenty-first century
is to highlight that there is not a shared understanding of the notion of curriculum
by either theorists or practitioners in higher education. As a theorist, Grundy (1987)
frames curriculum as a way of organizing educational practices based on three ratio-
nales: product where the focus is on reproducing knowledge for a defined outcome,
practice which emphasizes the development of understanding in order to make
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judgments and apply knowledge, and praxis which focuses on critical reflection
with outcomes determined by the community of learners. Print (1993), on the other
hand, takes a more instrumental approach, offering three perspectives: curriculum
as experience, defined by a set of planned learning experiences encountered by stu-
dents; curriculum as intention, characterized by predetermined aims, goals, and
objectives describing what students should learn; and curriculum as a process,
emphasizing personal growth and self-actualization through experiential learning.

From a practitioner’s perspective the curriculum can be conceived of as a blue-
print of actions which includes the purpose (goals, aims), the content, learner needs,
learning activities, instructional processes and resources, assessment and evalua-
tions methods (Stark & Lattuca, 1997). A more recent study by Fraser and Bosanquet
(2006) revealed that conceptions held by practicing academics were influenced by
the epistemological and philosophical beliefs of individuals. Compared to the ear-
lier conceptions (Stark & Lowther, 1986), their conceptions are more inclusive of
both teaching and learning processes and encompass curriculum as being the struc-
ture and content of a subject or a whole program of study, students’ experiences of
learning, and a dynamic and interactive process of teaching and learning. While
recognizing variation is important as the various conceptions reflect and shape the
design of education for students (Cornbleth, 1990; Fraser & Bosanquet, 2006), we
have chosen to adopt the broadest possible conception of curriculum which is
reflected in Print’s (1993) definition of curriculum as:

...all the planned learning opportunities offered by the organisation to learners and the

experiences learners encounter when the curriculum is implemented. This includes those

activities that educators have devised for learners which are invariably represented in the
form of a written document (p. 9).

If we take a systems view of the educational experience, the curriculum both shapes
and is informed by the learning experiences of students and the outcomes set and
achieved. Biggs (2003) illustrates this through the 3P model comprised of presage,
process, and product factors which dynamically interrelate to define the learning and
teaching landscape. Presage factors relate to what the learner brings into the system and
the teaching context. Their predispositions in the form of prior knowledge and skills,
abilities, values, and expectations will all influence their learning. The teaching context
is defined by the ethos and values of the institution, the curriculum and teachers’ con-
ceptions of learning and teaching. Together these presage factors influence the learning
process and products (or outcomes) that emerge, which are then fed back into the cycle.
The cycles of influence within the system are such that curriculum design is informed
by desired outcomes (product); the expectations, needs, and aspirations of learners; as
well as our understanding of the factors that influence the learning process.

The interrelatedness of this model makes it highly responsive to societal change
and provides a way of framing the issues and imperatives that have shaped the new
curriculum models and pedagogies that are presented in this volume. Changing stu-
dent profiles, the pervasive influence of technologies and the pressure to produce
work-ready graduates with more than discipline knowledge are just some of the
themes to emerge that are influencing the nature and dynamics of presage, pro-
cesses, and products informing the design of the twenty-first century curriculum.
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1.2 Engaging a Diverse Student Cohort

The twenty-first century has brought with it an escalating demand for tertiary quali-
fication, and between 1995 and 2009, entry into degree programs on average has
increased by 25 % (OECD, 2007, 2011). With this increase, the student profile in
universities is far more diverse than that of ten or more decades past (Euler, 2010;
Fasuga, Holub, & Radecky, 2010; Ramos & Carvalho, 2011). A globally mobile
population has led to an increasingly multicultural student body, particularly in
those disciplines with a professional orientation (Cancela & Ayédn, 2010).
Universities are more international than they were in the 1980s, with over 50 % of
international students coming from Asian countries, most commonly from China,
India, and Korea and destined mainly for the United States, the United Kingdom,
Germany, France, and Australia (OECD, 2011). Lifelong learning, a popular con-
cept in the 1990s, has become a reality due, in part, to the changing nature of the
workforce giving rise to more mature-aged students seeking their first degree or
returning to up-skill or further their studies at postgraduate level (Chitiba, 2012).
The open education movement and widening participation agendas (OECD, 2007),
targeting those from nontraditional backgrounds, have introduced further diversity
in relation to the background, needs, and expectations of students.

With diversity comes a richness to the student cohort that is both exciting and
challenging. The richness comes from the multiple perspectives that students bring
to the learning environment. The challenges come in many forms—the diversity in
background and experiences arising from different cultural backgrounds, life, and
professional experiences; prior knowledge and academic experiences; and attitudes
and beliefs about learning and teaching. Another is balancing competing priorities
with the tension between paid employment and work being one of the most signifi-
cant factors impacting the relationship between students and their studies (Baron &
Corbin, 2012). Evidence of this can be seen in an Australian study by James, Krause,
and Jennings (2010) which revealed that 61 % of full-time students in 2009 were in
paid employment for around 13 h per week and two thirds were working to support
their basic needs.

How are institutions and teachers responding to these and other challenges aris-
ing from students’ changing circumstances? One avenue has been through the adop-
tion of digital technologies. A classic example is the pivotal role that web-based
lecture technologies (Gosper et al., 2010), learning management systems, and vari-
ous other tools have played in responding to requirements for more flexible learning
environments. An outcome has been the development of online and blended cur-
riculum models which combine face-to-face lectures and tutorials with online
resources, communication, and collaboration opportunities (Lefoe & Hedberg,
2006). More recently, mobile and Web 2.0 applications (e.g., social networking,
tagging, RSS feeds) have added richness and vitality to online and blended learning
designs, offering enhanced learning opportunities for students to form communities
of practice and not just to consume and interact but to truly construct knowledge in
a collaborative environment (Oliver, 2007).
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Oblinger’s reminder that “it is not the technology that is most important but the
activity it enables: the activity, not the technology, is what advances learning”
(Oblinger & Oblinger, 2005, p. 74) still holds true. Understanding students’ experi-
ences and managing their expectations are integral to the provision of an effective
and engaging curriculum. However, the complexity and diversity of the student
cohort is such that we need to be wary of the generalizability of popular assump-
tions about students. Take for example the generation of students born after 1980,
commonly referred to as the Net Generation. The homogenous nature of their expe-
riences of technologies has come under question (Kennedy, Judd, Churchward,
Gray, & Krause, 2008), reminding us of the need to make a more contextualized
evaluation of student characteristics. For instance, is it the case that the early attribu-
tions of digital and visual literacy, comfort with social and networked media, incli-
nation towards collaboration, and preference for use of the internet for research over
the library (Oblinger & Oblinger, 2005; Prensky, 2001b) still hold? Are the claims
of digital literacy in everyday life not translating into academic literacy still relevant
to the net generation and indeed those generations before and after (Oblinger &
Hawkins, 2006)?

Research on students’ experiences and expectations of technologies in universi-
ties certainly indicates their expectation is for technologies to be integral to the
university experience, whether for accessing information, interacting with content,
communicating and collaborating with teachers and peers, or creating and present-
ing ideas (ECAR, 2010; Gosper, Malfroy, & McKenzie, 2013). Nevertheless, stu-
dents are quite strategic about their preferences for and uses of technologies with
some disparity emerging between the technologies used for everyday life and those
for learning. For instance, even though popular in everyday life, there is a reluctance
to use social networking tools for learning (Gosper et al., 2013; Jones, Blackey,
Fitzgibbon, & Chew, 2010; Madge, Meek, Wellens, & Hooley, 2009) which may be
due to a lack of exposure to their potential, concerns of privacy and confidentiality,
or a desire to maintain a divide between personal and learning spaces. With time,
experiences and attitudes will change; however, this only goes to reinforce the need
to monitor the student experience (Kuh, 2003).

The strength of changing student profiles as a force for change is evident in the
new designs presented in this volume, as is the role of technologies in facilitating
innovation and change. Collis and Gommer (2001) maintain that there comes a
point where we cannot stretch the existing models and practices any further to
accommodate the changes taking place, and a more comprehensive reconceptual-
ization of the curriculum becomes necessary. Have we reached that point?

The new models and designs that are presented in this volume are examples of
more wholesale curriculum change, many as a direct response to changing student
circumstances. Kienhuis and Chester (Chap. 8) found that the introduction of more
resources and flexibility into a traditional teaching/lecture model was not sufficient
to engage students, prompting the development of a new Interteaching model which
reversed the role of lectures and tutorials. Erlandson (Chap. 12) along with Quinton
and Allen (Chap. 3) propose that the philosophical foundations of social networking
technologies are fostering a transition from the traditional learning management
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system model to a more integrated social learning network. The network is more
able to engage students and enable them to take ownership over the learning pro-
cess. Marshall (Chap. 4) proposes that the emergence of open education resources
is best matched with an open approach to curriculum design. He suggests a model
based on the Maori concept of Ako which is defined less by technology and more
by the structured social experience of education. Hedberg and Stephenson (Chap. 2)
urge us to capitalize on the power of new technologies to support simultaneous
delivery of multiple topics and learning activities by exploring new pedagogical
options that break away from linear and time-constrained pedagogies.

1.3 Enabling Graduate QOutcomes

How do we design curricula to prepare graduates for an uncertain world, equip them
with the knowledge and skills of their chosen profession and give them a competi-
tive advantage in a globalized and competitive workplace? These issues are emerg-
ing as significant challenges for universities and teachers of today.

Placed within the broader university context, these issues can be linked to the
teaching of graduate capabilities (Andrews & Higson, 2008; Barrie, 2004; Cranmer,
2006). Otherwise known as graduate attributes, capabilities gained popularity in the
1980s and 1990s in the United Kingdom in response to employers’ criticisms of
universities for failing to develop the skills of employability (Brew, 2010).
Stephenson and Yorke (1998) maintained that capable graduates:

...not only know about their specialisms; they also have the confidence to apply their
knowledge and skills within varied and changing situations and to continue to develop their
specialist knowledge and skills long after they have left formal education...Taking effective
and appropriate action within unfamiliar and changing circumstances involves ethics, judg-
ments, the self-confidence to take risks and a commitment to learn from the experience
(p-3).

With the advent of the new millennium, the focus of employability has been
extended to include lifelong learning, preparing for an uncertain future, and acting
for the social good (Bosanquet, Winchester-Seeto, & Rowe, 2010), imperatives mir-
roring UNESCO Declaration on Higher Education for the Twenty-First Century
which sets out the role of universities to (UNESCO, 1998):

...enhance their [students’] capacity to live with uncertainty, to change and bring about
change, and to address social needs and to promote solidarity and equity; ....preserve and
exercise scientific rigor and originality, in a spirit of impartiality, as a basic prerequisite for
attaining and sustaining an indispensable level of quality; and ..... place students at the
centre of their concerns, within a lifelong perspective, so as to allow their full integration
into the global knowledge society of the coming century.

For universities, the issue is not so much in defining capabilities as in their teach-
ing. Expectations of graduates are relatively similar throughout the world (Barrie,
2004; Chalmers & Partridge, 2012). Even though academics may accept the rele-
vance of graduate capabilities, many lack the confidence to teach and assess them,
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particularly the higher-order capabilities of critical thinking and creativity (Hanke,
Ifenthaler, & Seel, 2011; McNeill, Gosper, & Hedberg, 2012) and more broadly,
those not closely tied to discipline knowledge (de la Harpe et al., 2009). Because
higher-order capabilities are integral to the research process, research-based learn-
ing designs linking research, teaching, and learning (Ifenthaler and Gosper, Chap. 5)
offer a solution that may be appealing due to their strong research orientation.
Integrating the teaching of graduate capabilities into the curriculum can be concep-
tualized at three levels (Cranmer, 2006):

» Total embedding where skills have low visibility in the curriculum, are not taught
in context, and have no explicit assessment.

» Explicit embedding and integration where skills are highly visible, taught in con-
text, and have explicit assessment.

e Parallel development taught outside the academic program, often by a careers
office. Characteristically they are bolt-on development with limited contextual-
ization and separate assessment.

Cranmer (2006) maintains that in comparison to total embedding and parallel
development, the impact of explicit embedding in the curriculum is far higher.
Furthermore, work-integrated learning models involving employers in the design
and delivery can provide a structured experiential approach (Kolb & Kolb, 2005).

The more purposeful integrated and experience-based approach can be seen in a
number of models presented in this volume. Although the designs variously draw on
principles from well-established approaches to design (e.g., experiential learning,
inquiry case-based and problem-based learning), what sets them apart is the use of
technologies to bridge the theory-practice divide and bring new levels of authentic-
ity, collaboration, and connectedness to the learning experience. The role of tech-
nologies has been pivotal in providing the leverage to explore and implement new
approaches. Web 2.0 technologies in particular, which enable users to both consume
and create content, often for sharing, have played a significant role in many of these
designs (Churchill, 2007).

The personalized engineering curriculum designed by Mistreee and colleagues
(Chap. 6) is underscored by principles of experiential learning. Working within dis-
persed environments supported by Web 2.0 technologies, their design offers authen-
tic opportunities to facilitate self-determined motivation and metacognition. Farley
(Chap. 17) provides insights into how virtual worlds can provide students with more
authentic learning experiences that more closely replicate real life contexts through
the provision of credible tasks and activities. In the teaching of chiropractic clinical
thinking, Colasante and colleagues (Chap. 10) transformed case-based learning
through the introduction of interactive media annotation platform (MAT). A holistic
approach was taken to position the case videos into an active environment requiring
small group and scaffolding activities to stimulate clinical thinking. Delgarno and
colleagues (Chap. 11) discuss the use of rich media such as video conferencing, web
conferencing, and mobile video traditional to enhance traditional approaches to
practice-based education (e.g., work-integrated learning programs, inquiry-based
learning designs, and simulations). By connecting university classrooms to sites of
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professional practice, they maintain that students are helped to make connections
between their university learning and their more practically oriented learning.
To ensure students can meet current and future workforce needs and have seasoned
problem-solving skills, Grando and Calonge (Chap. 9) have developed digital wet
laboratories as a means of providing reality-based experiences which engage them
in and outside the classroom. Finally, in a step beyond more traditional forms of
experience-based education, Correia (Chap. 7) presents an enterprise-based curricu-
lum in which students are partners of a working enterprise, called Learning Design
Solutions. This approach was in response to employer demand for work-ready grad-
uates able to be entrepreneurial, think critically solve problems, and show initiative.

1.4 Facilitating Cognitive Processing

Technologies in some form have always been integral to learning and teaching in
higher education. Beginning with print technology, we have witnessed a progres-
sion through multimedia technologies, computer-based instruction, teleconferenc-
ing and broadcast technologies, to interactive multimedia and internet-based
technologies (Taylor, 2001) which have undergone their own evolution from the
information focus of Web 1.0 through to the collaborative and networked focus of
Web 2.0 (Behrendt & Zeppenfeld, 2008; Oliver, 2007) and more recently to Web 3.0
(Ifenthaler, 2012).

Established in 2002, the NMC Horizon Project (http://www.nmc.org) has in their
yearly reports identified and described the emerging technologies with considerable
potential for education. A number of these appear in this volume, namely, Web 2.0,
RSS and social networking technologies, personal learning environments, virtual
worlds, digital games, immersive simulations, podcasts, ePortfolios, conferencing
and collaborative media, and annotated video.

Even though the literature offers many examples of innovative uses of technolo-
gies, in practice, Maor (2006) suggests a tension between technology and pedagogy,
with academics often unsure of how to effectively design and implement new
approaches. When time is scare and resources for innovation and support hard to
come by, it is easy to default to making decisions based on one’s own conceptions
of teaching, the availability of technologies and comfort with their use. The inherent
danger in this is that it can be self-limiting, leading to impoverished curriculum
designs which fail to capture and retain the imagination of students.

This leads to the persistent question of which technologies to use and for what
purpose? Ellis and Goodyear (2010) suggest the starting point is with an under-
standing of cognition and learning: “When teachers do not focus on the develop-
ment of student understanding and have poor conceptions of learning technologies,
they tend to use e-learning as a way of delivering information bolting it on to course
design in an unreflective way” (p. 104).

In an aligned curriculum, aims, outcomes learning activities and assessment
strategies are all in tune with each other. As Abel (2007) points out, if the aim is to
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assess higher-order thinking, then activities and technologies must be aligned
accordingly. Understanding complex concepts, for example, can be facilitated by
the use of simulations (de Jong, 1998; Ifenthaler, 2009), spreadsheets and relational
databases (Jonassen, 1999), as well as games (Eseryel, Ge, Ifenthaler, & Law, 2011;
Ifenthaler & Eseryel, 2013; Ifenthaler, Eseryel, & Ge, 2012). Remembering and
understanding factual and simple conceptual knowledge is best achieved with activ-
ities that exhibit clear objectives, sequenced exercises, and immediate feedback
(Fletcher-Flinn & Gravatt, 1995; Ifenthaler, 2010, 2011; Kulik & Kulik, 1988). In
practice, alignment is rarely unilateral, rather it is multifaceted in the sense that an
activity can be associated with multiple outcomes and processes. Simulations and
multiplayer games, for example, can be used to develop lower-order factual knowl-
edge for understanding and remembering through to the higher-order planning,
judgment, and reasoning necessary for solving complex problems (Ang, Avni, &
Zaphiris, 2008; Prensky, 2001a), thus reinforcing the need for a clear understanding
of intent in order to ensure aims, outcomes activities, and technologies are effec-
tively aligned.

The link between activity and technologies is consistent with the notion of com-
puters as cognitive tools (Jonassen & Cho, 2008), whereby the cognitive processing
requirements are matched with affordances of technologies. The significance of this
for curriculum design is that it refocuses the choice of technologies back on the
learner and the learning process, rather than on the technologies and their availabil-
ity. Paas, Renkl, and Sweller (2003) have found that if learning activities and the
technologies in use engender processing requirements that are not within the capa-
bilities of the learner, then an unmanageable cognitive load can be imposed, with
the consequence of poor learning. It then follows that the capabilities of the learner
ought to be more clearly articulated in the curriculum design process. The MAPLET
Framework which focuses on the development of expertise and makes explicit links
between teaching aims, cognitive processes, learner expertise, and technologies
provides a model for achieving this (Gosper, 2011).

The revised version of Bloom’s Taxonomy of Learning Outcomes (Anderson
et al., 2001) shown in Table 1.1 makes the distinction between knowledge types
(factual, conceptual, procedural, and metacognitive) and cognitive processes
(remember, understand, apply, analyze, evaluate, and create). The two-dimensional
representation becomes a useful tool for analyzing and mapping aims and outcomes
against knowledge and processes. Bower, Hedberg, and Kuswara (2010) have used
the Framework to conceptualize Web 2.0 learning designs. However, the challenge
comes when designing activities as we move from the lower-order learning in the
top left-hand corner to the higher-order learning in bottom right. This comes from a
lack of understanding of how to design activities and assessment tasks for this type
of learning, and there is a tendency towards addressing the easier and less demanding
outcomes (Race, 2006; Shephard, 2009).

In practice, when addressing higher-order capabilities, although intended learn-
ing outcomes may be well articulated in curriculum documents, the activities and
technologies used to facilitate learning and assessment are not necessarily well
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Table 1.1 Revised Bloom’s taxonomy (Anderson et al., 2001)

The The cognitive process dimension
knowledge
dimension Remember| Understand Apply Analyse Evaluate Create

Factual

knowledge T

Conceptual
knowledge

Procedural
knowledge

Metacognitive ~
knowledge

aligned (McNeill et al., 2012). The advent of Web 2.0 tools may change this
(Ifenthaler, 2012). With their capacity to support networking and collaboration
(Choy & Ng, 2007; Johnson & Levine, 2008) and reflective practices (Churchill,
2007), they provide the capability to facilitate and capture the processes and outputs
of higher-order learning, particularly as related to the metacognitive capability and
the analytical, critical, and creative skills. ePortfolios (McNeill, Chap. 18) have
been shown to be particularly useful as a tool for students to capture and display
their development of expertise in a wide range of skills and knowledge, whether
specific to their discipline or more broadly applicable graduate capabilities.

As technologies become more sophisticated, and the teaching and learning con-
text more diverse, we are witnessing a more nuanced approach to integrating tech-
nologies into the curriculum, particularly in relation to intent, purpose, knowledge
type, and processing activity. Many of the contributions in this volume have taken
this step, linking their use with specific knowledge types and processes. Van Bergen
(Chap. 13) found that the effective use of podcasts in her context hinged on the
provision of choice for students and a clear understanding of the lecturer’s intent;
purpose built podcasts for the development of procedural skills were more widely
accepted than automated recordings of lectures. In a similar vein, Panoutsopoulos
and colleagues (Chap. 14) explore the use of digital games to facilitate active learn-
ing processes, Stefaniak (Chap. 16) links the active engagement of players in
immersive simulations with complex problem-solving processes, and Ruggiero
(Chap. 15) explores the potential of video game creation as a way of linking
problem-solving strategies to gaming strategies. Ellis (Chap. 19) introduces the ele-
ment of space as a further consideration when aligning curriculum elements. In a
blended environment where students integrate ideas presented in class with online
discussions, he found close associations between students’ perceptions of the learn-
ing space, how students approach the task, learning technologies, and academic
achievement.
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1.5 Closing Comments

In this volume we have attempted to prompt reflection on curriculum models for the
twenty-first century. We have explored the imperatives and issues that are giving
leverage for change and shaping the emergence of new curriculum designs. It may
be useful at this point to reflect on the past in order to better understand the implica-
tions of these changes for the future. At the close of the twentieth century, Toohey
(1999) identified five approaches to curriculum design prevalent in universities,
each underscored by particular philosophical and epistemological perspectives.
By far the most common was a traditional discipline-based approach giving pri-
macy to a structured approach to the development of discipline-based knowledge
and skills. The other four, in no particular order of uptake, are a performance- or
systems-based approach seen in competency-based education, a cognitive approach
with a focus on the development of intellectual abilities, an experiential or personal
relevance approach giving students some say in the skills and knowledge they
would like to acquire and the context in which they are explored, and a socially
critical approach seeking to develop a critical consciousness in students and moti-
vation for change. Whether these approaches are still relevant in the more global,
technology-rich, and networked world of the twenty-first century is open for ques-
tion. It may be the case that a combination of several approaches could help in
negotiating the delicate balance between responding to the changing needs and
expectations of a diverse student body while at the same time fulfilling the require-
ments articulated through statements of graduate outcomes. Indeed, many of the
new models and designs discussed can be seen to be a fusion of two or more
approaches which may tempt us to question whether the introduction of more
socially critical approaches can assist in preparing students for an unknown future.
Can the integration of more experiential and personal relevance approaches help to
engage students, break down the theory to practice divide, and increase their com-
petitiveness in a global workforce? Or, by introducing cognitive approaches are we
better able to scaffold the development of a full range of graduate attributes from
lower to higher-order outcomes?

Transformational change takes time, is multidimensional, involving individuals
and organizations (Fullan, 2001; Scott, 1999), and is best achieved when there is
evidence about the benefits of the innovation (Nicol & Draper, 2009). The contribu-
tions chosen for this volume provide such evidence, giving insights into the trans-
formational changes that are possible or already taking place through the judicious
application of learning technologies. We have attempted to move beyond specula-
tion and rhetoric by providing working models and designs that have been evaluated
for their strengths and weaknesses and the implications these have for sustainable
practice. In addition Sachs (Chap. 21) has captured an institutional-level perspective
of the imperatives, issues, and implications for sustainable practice, while Gunn
(Chap. 20) and Lyons (Chap. 22) highlight the importance of early consultation,
collaborative partnerships, and collective ownership of the change process.
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As we move through the twenty-first century, technological advances and societal
change will continue to influence the dynamics of the presage factors, processes,
and products within the learning and teaching landscape (Pirnay-Dummer, Ifenthaler,
& Seel, 2012). Change will be inevitable. We hope that the ideas, models, and cur-
riculum designs presented will provide insights into what is possible and inspire you
to capitalize on the potential of available and emerging technologies to transform
the curriculum.
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Chapter 2
Breaking Away from Text, Time and Place

John G. Hedberg and Michael Stevenson

Abstract ‘Breaking away from text, time and place’ explores many of the
pedagogical options available to higher education instructors that ensure multi-
modal resources and construction are included in new forms of pedagogy. Through
a range of current and emerging technologies that promote co-constructivist,
student-centred learning situated in real-world contexts, we can break away from
linear and time-constrained delivery strategies to operate with simultaneous deliv-
ery of multiple topics and learning activities. No longer are academics constrained
to deliver a course following traditional 1-week, one-topic models; they are now
presented with options to create new ways of delivering resources, facilitating inter-
actions and providing feedback, all without the need to assume that a physical space
for such interactions is a necessary component of learning tasks and activities.
Similarly, students are now able to explore new ways of accessing and connecting
content to multimodal forms of representation.

Keywords Higher education * Multimodality « Web 2.0 ¢ Cloud Computing *
Big Data * Mobility

2.1 Introduction

The first decade of the twenty-first century has seen a marked shift away from the
dominance of print-based media towards emerging forms of multimodal representa-
tion made possible with the growth of the Internet. Increases in the availability of
web content along with a proliferation of web-based applications universally avail-
able that serve as tools for engaging with, building upon and remixing that content

J.G. Hedberg (0<) « M. Stevenson
School of Education, Macquarie University, NSW 2109, Australia
e-mail: john.hedberg @mq.edu.au; michael.stevenson @mq.edu.au

M. Gosper and D. Ifenthaler (eds.), Curriculum Models for the 21st Century: 17
Using Learning Technologies in Higher Education, DOI 10.1007/978-1-4614-7366-4_2,
© Springer Science+Business Media New York 2014



18 J.G. Hedberg and M. Stevenson

invite questions around what in education terms now constitutes effective teaching
and learning strategies in the new millennium. For many in higher education,
this new world now upends many traditional models that have defined the roles and
relationships of teachers and learners.

This shift from static print media to the new media of the Internet has also rede-
fined our broader relationship with fext, time and place. With much of our informa-
tion, knowledge and communication transduced through web-enabled technologies,
our concept of fext no longer implies linearity or singular authorship. Following the
rise of applications in blogging, for example, online authorship is in now in the
hands of millions, irrespective of geopolitical boundaries, publishing house proto-
cols or government censorship. In many higher education contexts, teachers and
students are interconnected through a wide range of media and information is now
being communicated in ways that supplant the traditional lecture. Mobile devices
such as smartphones and tablets have ushered in a new kind of anywhere, anytime
computing that opens up the potential for learning more readily situated in real-
world contexts, redefining our relationship with place. Our understanding of time
has changed, with much of our information relayed in real time across a wide range
of media. Increasingly, our personal information and that of our students now
resides in ‘the Cloud’, vast arrays of servers and networks around the world that
seamlessly synchronise data between devices, enabling our digital world to travel
with us wherever we go.

The democratisation of access to content creation and delivery platforms has
challenged the traditional role of the teacher in higher education as both the curator
and purveyor of knowledge. The ‘wisdom of crowds’ (Kittur & Kraut, 2008) is evi-
denced in the success of volunteer-driven, multiple-authored websites like
Wikipedia—and the subsequent demise of counterpart print editions like Encyclopedia
Britannica (ABC, 2012)—leading us to question underlying notions of authorship
and authenticity. At the same time, principles that have culminated in near-universal
access to the world’s information are now being turned to business models construed
around Big Data—including a wealth of information on users’ habits, browsing and
search histories, interests, ‘likes’ and friendship networks. At a time when data itself
has become ‘the currency of the Internet’ (Cavoukian, 2000, p. 14), the decreasing
relevance of old media is being eclipsed by the web, our interactions with it and with
one another. Many of our interactions with others, regardless of location, now take
place in real time, being collaborative, instant and ‘always on’. Our collective under-
standing of these changing ways of interaction is only now emerging.

2.2 Rethinking Relationships: Trends and the Technological
Change Continuum in Higher Education

In exploring this redefined knowledge landscape, much of the literature has exam-
ined technology trends that have shaped the Internet, not all these technologies have
lived up to the expectations of higher education. For many, such trends have become
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key points of reference when exploring how pedagogies can adapt to the broader
developments in technology. In addressing possible trends of the last few years,
terms like Web 2.0 (O’Reilly, 2005), Cloud Computing (Katzan, 2010) and Big
Data (Haff, 2012) have been developed to explain the trends that mark differential
points on the continuum of technological change. Terms like these have also been
closely examined and adopted, in both research and practice, by many educators in
their attempts to better understand the relationship between the educational affor-
dances of emerging technologies, the skills needed for teachers and learners to
properly employ them in education contexts and the extent to which such technolo-
gies disrupt and/or align with existing pedagogies. These and similar terms have
also emerged in close relationship to preceding trends, being as much defined by
what they are not as by what they are. In theory, trend-related concepts explored in
this chapter are language constructs used to make sense of the enveloping techno-
logical change.

Understanding technology trends has, accordingly, become an important part of
the milieu of higher education in the twenty-first century. One problem with attempts
to understand trends is that they are social phenomena: fluid, dynamic and rarely
fixed. They can diversely represent anything from recurrent themes, popular and
influential buzzwords or ways of thinking, to common elements between what may
otherwise be disparate concepts but which resonate with communities of people.
Technology trends might, for example, be reflected in the uptake of a software ser-
vice, the entertainment value of an Internet meme or online video which has ‘gone
viral’, the projected product sales of a new piece of hardware, the number of times
a particular news story has been broadcast through social media or the development
of a relatively new ‘game-changing’ technology. Although this open-ended view of
technology trends is difficult to consistently or accurately articulate, nonetheless it
represents broader perspectives through which educators can positively interpret an
exponential rate of change. In practice, therefore, we suggest that trends themselves
represent viewpoints that exist within specified parameters (e.g. a set timeframe or
particular set of technologies) on the continuum of technological change. Inasmuch
as trends serve a purpose, helping educators to speak a ‘common language’, they
also limit the extent to which we can view technology as generative, extensible and
a catalyst for disruptive pedagogies.

More often than not, developments in educational technologies build on pre-
existing structures and ideas. Current key trends like those indicated in The Horizon
Report (Johnson, Adams, & Cummins, 2012) represent a kind of repurposing of the
pre-existing trends that have shaped our understanding. The development of con-
cepts to explain key differences in technology is a process of ‘retrofitting’ concepts
onto the continuum of technological change not unlike the idea of grammar as a
system of rules imposed on the continuum of language. For example, the Fig. 2.1
illustrates some of the key changes technology-assisted writing with the impact of
personal computing, the Internet, Cloud infrastructure and mobile devices.

As Fig. 2.1 suggests, many of the hardware and software interfaces that we use
when writing evolve from pre-existing ones. For example, the customisable, touch-
based software keyboards that are widely common on many mobile devices build on
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Fig. 2.1 Retrofitting trends and tools in technology-assisted writing

physical computer keyboard interfaces popularised during the PC era, while the
kinds of graphical user interfaces that were developed by many Web 2.0 start-ups
built on graphical user interfaces developed in early visual operating systems.
Similarly, many tools are closely related and suggest a more evolutionary develop-
ment in these technologies over time. For example, Cloud-based tools like Zoho,
Microsoft Live and Google Docs all facilitate real-time collaboration between many
writers in the same document, with the same real-time technology having been
available in older tools like Internet Relay Chat (IRC). Likewise, online discussions
and microblogging through social media widely incorporate the same technology
that was used in older Web 1.0-style online discussion fora.

In all of these instances, the retrofitting of older technology interfaces and tools
on newer technologies has, in spite of the evolutionary nature of these develop-
ments, been reflected in exponential growth in infrastructure and the scale of use.
This is perhaps most clearly seen in the rise of Web 2.0, which built on Web 1.0
technologies at the same time as representing a trigger cause behind the ‘read/
write’ web and the enormous growth in web-mediated participatory cultures.
O’Reilly’s (2005) articulated concept of Web 2.0 incorporates a close discussion of
what he at the same time termed “Web 1.0’. This discussion incorporated a number
of binaries to illustrate the relational differences between Web 1.0 and Web 2.0,
such as ‘static’ versus ‘dynamic’, or ‘publishing’ versus ‘participation’ (p. 1-2). By
defining Web 2.0 in close relation to “Web 1.0’, O’Reilly’s two terms serve as key
semantic identifiers that have considerably shaped much of the discourse in higher
education in recent years. Of course, such identifiers exist not without being chal-
lenged, as web founder Tim Berners-Lee indicated shortly after Web 2.0 became a
part of the web lexicon:
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When asked if it’s fair to say that the difference between the two might be fairly described
as ‘Web 1.0 is about connecting computers, while Web 2.0 is about connecting people’,
Berners-Lee replied, ‘Totally not. Web 1.0 was all about connecting people. It was an
interactive space, and I think Web 2.0 is of course a piece of jargon, nobody even knows
what it means. If Web 2.0 for you is blogs and wikis, then that is people to people. But that
was what the web was supposed to be all along. And in fact, you know, this “Web 2.0, it
means using the standards which have been produced by all these people working on Web
1.0’. (Anderson, 2006, p. 1).

These kinds of semantic arguments are important on a number of levels. As the
literature reflects, Web 2.0 as a term with an accompanying set of discourses (includ-
ing the situated practices, expectations and shared understanding of the tools) has
been embraced by many in higher education. For some, the concept serves as a para-
digm that promotes ‘accord between the design of technology and the student-
centred and interactive approaches being advocated by contemporary educational
leaders’ (Bower, Hedberg, & Kuswara, 2009, p. 1153). Others have come to regard
it as a necessary platform for twenty-first century civics and citizenship (Crocket,
2011), a set of tools for collaboratively engaging in spaces beyond the traditional
classroom (McClure, 2010) or a vehicle for synchronous, real-time interaction
which promotes more effective collaboration between learners (Hrastinski, 2008;
Bradley, 2010; Conole & Alevizou, 2010; Kittle & Hicks, 2009). On examination
of these recognised affordances and learning benefits, we can see that there is more
of an overlap between ‘Web 1.0’ and ‘Web 2.0’ than may have been acknowledged
within higher education. As Berners-Lee’s argument above implies, student-centred
learning, the development of online citizenship or use of real-time interaction were
all possible with the early Internet. What has changed is our mindset towards using
them, shaped by the discourses around us, along with the time and place in which
we now live.

If we accept Web 2.0 as a term denoting O’Reilly’s concept of ‘the read/write’
web—a web fundamentally about ‘people to people’ connections—then we also
place emphasis on Web 1.0, quasi-historically, an implied reference to the early
developments of the Internet itself. For example, through the digitisation of print
media resources, the standardisation of hypertext transfer protocols (HTTP) and
hypertext markup language (HTML) and the rapid rise of Internet search engine
start-ups, each success was clearly predicated on the open architecture and stan-
dards of the World Wide Web that Berners-Lee advocated. In other words, Web 2.0
presupposes Web 1.0 and both terms need to be understood in relation to one another.
Of course, Web 1.0 represents much more than the elements described here. In
defence of Berners-Lee’s argument, such a way of thinking is problematic when we
consider that there is still much of the early web that remains unexplored in educa-
tion; but when our mindset has shifted to a newer way of thinking (‘Web 2.0’), we
may fall into the trap of becoming more attached to trends and trend-related con-
cepts than to the transformative and generative potential of the underlying
technologies.

Technology trends like Mobility have, for example, very real implications to
closing off many of the generative uses of technology that the open standards of the
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early Internet helped create. In terms of technology affordances, the Web 1.0/Web
2.0 binary reminds us that technology affordances necessitate a technology-user
relationship and our relationship with technology may be shaped as much by the
discourses around us as by our own direct experiences with it.

The following table outlines some of the possible approaches to addressing five
key trends that have been recognised in the way that they broadly describe the
development of the Internet during the past decade: (1) Web 1.0, (2) Web 2.0,
(3) Cloud Computing, (4) Mobility and (5) Big Data. These concepts can be loosely
interpreted as follows through the lenses of text, time and place. Doing so sheds
some light on how we understand our relationship with technology in the twenty-
first century, including the key developments that we collectively regard as signifi-
cant for educational discourse:

While the above table goes some way towards describing the narrative of the
Internet in recent years and some of the many axioms and even broad generalisa-
tions we have come to accept in our discussions, what it does not show are the
fundamental relationships among the so-called trends and the extent to which the
boundaries between them can be both blurred and contested in a similar way to
Berners-Lee’s challenge to O’Reilly. Many of the current Cloud service offerings
and their deployments in education institutions are highly effective enablers of
many pre-existing Web 2.0 applications and tools (Stevenson & Hedberg, 2011). An
institution could, for instance, deploy Google Apps for Education at very low cost,
scaling immediate access to applications like Google Docs and Blogger for teachers
and learners within that institution. Therefore, while Cloud Computing introduces
new services, standards and protocols, it also builds on pre-existing ones; what
invariably changes is the scale, prevalence and context of use. Likewise, Mobility
represents new hardware and software platforms, evidenced by the astronomical
growth of smartphones and the proliferation of mobile apps. Many of these apps are
simply repurposed versions of many pre-existing Web 2.0 applications and tools
such as Facebook or Wordpress—or, similarly, versions of Cloud storage services
like Dropbox or Google Drive.

The relationships between the trends described in Table 2.1 are in some ways
more important than the ideas informing our discussions of the trends themselves.
Figure 2.2 illustrates the relational development among these trends, illustrating the
continuum of technological change as more of an ongoing process of layered ser-
vices and infrastructure rather than a series of mutually exclusive technology
‘stages’. The horizontal axis indicates the linear development of these trends, show-
ing rough points in time at which they emerge as recognised concepts (i.e. not nec-
essarily when the technology itself becomes available). The vertical axis shows the
scale of the technology in terms of participatory cultures (i.e. broadly speaking, the
number of people using it) and the level of infrastructure implied by the prevalence
of the technology.

As Fig. 2.2 suggests, the end point of the timeline indicates the present—a con-
vergence of what we have so far called Web 1.0, Web 2.0, Cloud Computing, Mobility
and, most recently, Big Data. What is perhaps most striking is the scale of develop-
ment and use. While the standards of the early Internet through Web 1.0 still
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Fig. 2.2 Technology trends over time

underpin much of what currently defines the World Wide Web, it is Web 2.0 and
Mobility that have, through the scaling of Cloud services and infrastructure, led to
our emerging understanding of Big Data—much of which includes the massive
amounts of user-generated data in very recent years through Web 2.0- and Cloud-
based platforms, but some of which still include data from the early years of the
Internet. The nature of these trends as convergent means acknowledging their cumu-
lative and relational value if we are to harness the technology tools around us, and
this involves breaking away from any preconceived need to see such trends as mutu-
ally exclusive, self-contained or frozen in time.

2.3 New Media Literacies

As we have seen in the preceding section with its focus on technology trends, the
present opportunely represents a point in time at which we can examine the juncture
between any number of concepts making up the shifting global landscape of the
twenty-first century. In furthering our attempts to make sense of these concepts as
teachers and learners, much of the literature on web-enabled learning is increasingly
exploring the growing number of new media literacies that reflect how web tools
and content are used in teaching and learning. As newer forms of digital interaction
and representation emerge, they open up new dimensions for both understanding and
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Fig. 2.3 Multimodal interaction and representation

representing fext, time and place. Some have acknowledged that the pedagogies
underpinning the relationship between multimodality and existing teaching and
learning practices have given rise to many of the new ‘digital’ concepts explored
here. In this light, the literature on new media literacies like ‘collective intelligence’
or ‘transmedia navigation’ (Hague & Payton, 2010) offers some important sign-
posts for how web-informed pedagogies in higher education might be effectively
leveraged to reshape institutional teaching and learning, including approaches to
content creation and delivery, course structure and fostering a kind of learning that,
ideally, moves beyond the institution itself. The increasing focus on these literacies
likewise highlights their transubstantial, fluid and at times contestable nature.
Figure 2.3 illustrates some of the broader relationships between multimodal inter-
faces and representation.

As Fig. 2.3 implies, many of the technology interfaces with which we now inter-
act afford a much wider range of input types, including newer forms of gestural
input, enhanced speech recognition and devices that enable ‘grass roots video’
(Johnson, Levine, Smith, & Stone, 2008). The context relationship between these
interfaces represent opportunities for learners to adapt technologies to their own
personal styles of learning, situate their learning in both physical and non-physical
spaces and play a more defined role in shaping the discourses and practices that
define their own learning.

Cazden et al. (1996) have argued that ‘the multiplicity of communications chan-
nels and increasing cultural and linguistic diversity in the world today call for a
much broader view of literacy than portrayed by traditional language-based
approaches’ (p. 60). In spite of this assertion, many in more recent years have sug-
gested that education institutions have been slow to adapt to established and emerg-
ing forms of digital interaction and representation (Kennedy et al., 2008; Prensky,
2001, 2005; Williams, 2008). In their extensive review of Web 2.0 in higher educa-
tion, Conole and Alevizou (2010) note the ‘dearth of evidence looking at the ways
in which these new technologies are or could change learning and teaching practice
[our emphasis]’. While such assertions echo longstanding arguments like Cuban
(2001), maintaining that technology falls short of empowering learners where it is
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simply fashioned to fit existing practice, changes to practice fundamentally involve
changes to discourse. In what they describe as a ‘sociocultural approach to litera-
cies’, Lankshear and Knobel (2007) present a very broad perspective on both old
and new literacies, suggesting that ‘if we see literacy as “simply reading and writ-
ing”—whether in the sense of encoding and decoding print, as a tool, a set of skills,
or a technology, or as some kind of psychological process—we cannot make sense
of our literacy experience’ (p. 2). By suggesting that experience plays a fundamen-
tal role in shaping our literacies—regardless of the type of media or context—this
argument reinforces the need to incorporate a fuller understanding of multimodality
in higher education teaching and learning practices. It also suggests that we need to
be more aware of how our practices shape these discourses and the experiences of
learning through multimodality.

Laurillard (2006) has also investigated technology learning processes in higher
education, examining the need for the academic professional as teacher to move
beyond learning experiences shaped by dominant knowledge acquisition discourses
of ‘reading, critiquing, interpreting and articulation’ towards processes emerging
from a better understanding of the adaptive and interactive potential of available
technologies, noting:

the power of the interactive computer to do a lot more than simply provide access to infor-

mation. It makes the processing of that information possible, so that the interaction becomes

a knowledge building exercise. Yet the excitement about information technology has been
focused much more on the access than on the processing it offers (p. 7).

Technology devices can personalise the experience of learning to an extent not
previously possible. Most notably, through the growing interest in Mobility, indi-
viduals now tailor specific learning experiences to their own needs through ubiqui-
tous 3G and LTE access to Internet connectivity and the use of personalised apps on
what are, essentially, very personal computers. As illustrated in Fig. 2.1, this tech-
nology builds on adaptive and interactive uses of earlier interfaces and tools, with
implications for the scale of use and growth in infrastructure. Newer forms of ges-
tural interaction with the device move the learner beyond the traditional input/out-
put nature of the earlier interfaces. For the vast majority of smartphone users, most
of these learning experiences are informal and just in time, largely unplanned,
unsanctioned by educational discourse and beyond the immediate locus of institu-
tional control. Nonetheless, through a better understanding of the interactive and
adaptive potential of mobile devices, higher educators can begin to address many of
the problems identified in the literature that stem from a more limited understanding
of adaptability and learner interaction. The individual apps on smartphones provide
possibilities for managing learning processes with an individual app supporting spe-
cific processes, such as capturing ideas and images, collecting evidence, organising
and sequencing, producing a multimodal artefact and sharing any of the processes
or resources with others.

When examining some of the multimodalities enabled by current technologies,
much of the meaning made in digital and temporal sequences reflects layers of
nuance. By contrast to the meanings often implied in print media—those associated
with singular authorship, publication at a fixed point in time and tendency towards
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sense-making through linearity—these layers of meaning are often established
more subtly through generative, often non-linear iterations emerging from diverse
participatory cultures which are primarily collaborative in nature. There are
nuanced layers of meaning with a wide range of Web 2.0- and Cloud-based applica-
tions and tools, learners can easily collaborate in real time, using multiple technolo-
gies and platforms to co-author their fext in any number of ways. Further, the
revision history snapshots available in web applications record the development of
the document over time and enable collaborators to pinpoint key changes and roll
back to earlier versions if needed. While learners in the same physical place might
discuss their ideas face to face while collaborating in real time in the online space,
learners in different locations can talk in real time as well as observing changes to
the document near instantaneously. Similarly, services like Diigo and Bounce
enable learners to annotate standard web pages, generating rich, multilayered dis-
cussions on key ideas, points of contention, or further ideas to be explored.
By layering meaning on top of the original text, learners are able to more fully
articulate their understanding of text through their experiences of multimodal rep-
resentations over others texts, with far fewer constraints than those traditionally
established by time and place.

One of the most interesting phenomena to have emerged into mainstream recog-
nition is transmedia storytelling, ‘the technique of telling a single story or story
experience across multiple platforms and formats using current digital technologies’
(Wikipedia contributors, 2012). Remixing material from movies, songs and other
media to create new versions of popular narratives—transmedia storytelling has gar-
nered considerable attention recently with the commercial rise of ebooks, ereaders
and tablets and their associated online stores. These devices serve as tools for aug-
menting and reconfiguring fext through the enabling of fime and place beyond the
constraints of traditional teaching and learning spaces. Mobility has also seen a
movement away from the more traditional forms of computer user input such as the
mouse and keyboard towards emerging forms of gestural input on the touch inter-
faces. Along with the increased prevalence of multimodal forms of representation in
teaching and learning experiences or the media, these developing forms of gestural
input are redefining the parameters of the digital world in which we participate, learn
and teach online. Although the technology appears simple, tools like these open up
potential for learners to become fully active participants in the way they make sense
of text on the Internet, including older ‘Web 1.0’ static pages. Most importantly,
these gestures underpin the learner’s interaction with web content, enabling a much
broader range of experiences in digital representation than previously imagined.

2.4 Frameworks Moving Forward

We have critically examined some of the technology trends and new media litera-
cies informing current discourses in higher education and have suggested that by
understanding the affordances of technologies that have characterised the shifting
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knowledge landscape from the time of the early Internet to the present, educators
need to break away from the traditional knowledge constraints implied in our under-
standing of text, time and place. Most importantly, higher educators need to be
aware of the fluid (and at times overlapping) relationship between traditional and
emerging trends and concepts—to properly engage with the challenges presented to
preconceived notions of teaching and learning. Sometimes, for example, this may
involve experimenting with very new technologies when little might be known
about how to effectively use them. Such experimentation is a vital part of ‘tapping
into’ the experiences of learners engaging with the forms of digital representation
described in this chapter. Fundamentally, higher educators themselves need to be
actively learning in the digital world, incorporating their experiential understanding
of phenomena like multimodality into what will be a continual re-evaluation of their
teaching and learning practices, the values they place on fext and their expectations
about the learning time and place. The success of this multifaceted, evaluative
approach to meaningful technology integration is informed by the recognition that
while the broader knowledge landscape is shifting, each part of our digital world is
made up of layers of nuance. Accordingly, our understanding of new media litera-
cies needs to be both broad and flexible as we engage with the technologies.
Moving forward, what are some indicators of a workable application frame-
work? Bower et al. describe the development of ‘a Web 2.0-enabled learning
design’, proposing Anderson and Krathwohl’s (2001) Taxonomy of Learning as a
framework for this development. Such a learning design arguably represents a way
of integrating both current and future Web 2.0 applications into curricula with a
broader understanding of both the different knowledge dimensions (factual, concep-
tual, procedural and metacognitive) and a range of skills and cognitive process
dimensions (remembering, understanding, applying, analysing, evaluating and cre-
ating) (2009, p. 1161). Further, in proposing this design, the authors draw attention
to the importance of design resilience, suggesting that where technology is seen ‘as
only a mediator of pedagogy and content’, it is possible for frameworks like these
to align with both current and future technologies. Such discussions further high-
light the need for framework and design flexibility both now and in the future.
Another framework oriented around flexibility has been explored by Goodyear
and Ellis (2007), investigating differences between the instructor’s designed learn-
ing task and students’ actual learning experiences. Their study points out the prob-
lematic nature of technology-enabled teaching as design in tending towards one of
two extremes: teacher directedness (e.g. in a heavily prescriptive task) or student
centeredness (e.g. oriented around experiences in co-constructivist learning). While
Bower et al. (2009) suggest that accord between student-centred learning and tech-
nologies like Web 2.0 is now possible, the authors of this study remind us that such
accord is often dependent on the task and the resulting learners’ translation of it.
Further, Goodyear and Ellis (2007) assert that tendencies to either teacher directed-
ness or student centeredness need to be challenged in order to better understand ‘the
centrality of students’ learning activities [sic]: that what matters most is what stu-
dents actually do’ (p. 340). In framing this argument, they address the importance
of situatedness of learning and suggest that while ‘a good task specification affords
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certain kinds of learning activity’, teachers and students jointly shape the learning
environment, culture and the experience of learning (p. 341). Knobel and Lankshear’s
(2006) argue for new media literacies as experiences, the notion of ‘translation’
explored here reinforces the view that effective learning task design should be
informed by an understanding that moves beyond a limited view of technology
trends into the multimodal experiences that embody the kinds of digital and tempo-
ral sequences now possible.

This chapter has considered the technological change continuum and shifting
knowledge landscape through the collective lens of fext, time and place. In so doing,
we have suggested that understanding technological change in higher education
necessitates a closer understanding of the relationship between the trends and con-
structs used to describe the rate, scale and nature of the changes around us. This
process of ‘retrofitting’ concepts on top of change is essentially a sense-making
process that is both useful and limiting—useful because it offers a common lan-
guage for meaningful technology integration and limiting because of what such
language struggles to fully articulate in a time where the rate of change is exponen-
tial. In recognising that many of the trends referred to in the literature are not mutu-
ally exclusive and that there is often considerable overlap between concepts, stages
and the kinds of technologies available, we argue that higher educators need to
make sense of trends as convergent. Further, by addressing the new media literacies
as tools that help articulate our experiences of learning in a web-mediated world,
sense-making is as much about exploring layers of nuance in digital and temporal
sequences as it is about understanding the broader trends. These two viewpoints—
the micro and macro—are, likewise, important for higher educators to consider
when looking back at past achievements and looking forward to future possibilities.
The Internet and the world that it has become, present formidable challenges and
opportunities to higher education. While effective knowledge and application of
emerging trends and new media literacies require so-called twenty-first century skill
sets like collective intelligence, transmedia navigation and real-time collaboration,
many of these skills simply define good learning practices regardless of technology
use. Higher educators need, therefore, to think strategically about the kinds of
learning now possible in the twenty-first century when searching for the right tool
for the right job. Developing application frameworks that incorporate flexibility,
experience, generativity and, most importantly, openness will ultimately ensure that
the scale of learning possibilities keeps pace with the scale of change well into the
new millennium.
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Chapter 3

The Social Processes of Web 2.0
Collaboration: Towards a New Model
for Virtual Learning

Stephen R. Quinton and Matthew M. Allen

Abstract This chapter examines how curriculum design needs to be influenced by
the development of educationally effective virtual collaborative learning (VCL)
environments. VCL environments can afford learners new opportunities to engage
in rewarding, productive learning experiences. Put simply, successful VCL environ-
ments attract membership, engage those members, and encourage ownership of the
networks of learning which they create. They must be useable in the ways that
members prefer or can easily adapt to. Exactly how these outcomes can be achieved
is the goal of this chapter, which argues the need for new thinking on the purpose
and design of collaborative online learning solutions where the focus is not just on
what to learn, but also the methods and tools that enhance the student’s learning
capacity. Considered as a whole, the preceding factors point to the need to not only
rethink the design and purpose of the curriculum models that inform the design and
function of VCL environments, but also to devise more adaptive, educationally
focussed teaching and learning strategies which reflect the current realities of social
Internet use, rather than the traditions encoded into learning management systems.
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3.1 Introduction

Although online learning is now accepted as a convenient option for accessing
educational materials and associated instruction, most web-based learning environ-
ments rely on relatively traditional methods of instructional design, delivered
through proprietary learning management systems (LMS). Despite the eloquent
rhetoric of vendors and institutions alike, LMS do not, of themselves, promote ped-
agogical diversity and innovation. Indeed, in many cases, the combination of insti-
tutional structures, along with the traditional assumptions designed into LMS, and
the general conservatism of university educators means that online learning is often
an impediment to the changes and improvements needed for higher education to
produce creative, independent thinkers.

University students are rarely offered the tools to organise their online activities
to accommodate their individual needs and circumstances; online collaborative
problem-solving activities and group projects seldom provide satisfactory learning
experiences; and seamless integration with online communities of practice is often
not permitted or, at least, made difficult by the closed nature of many interdependent
systems and the assumptions about how they should be used.

When thinking more generally about the Internet, as opposed to LMS, people
have a much wider array of social sharing and learning opportunities, with a strong
emphasis on user-generated content and ongoing networked conversation. While in
recent years LMS have adjusted to include some of the new ways that the Internet
promotes information and communication, for example including within these sys-
tems such popular platforms as wikis, blogs, and the like, they remain ‘closed’ to
the outside world and therefore do not properly emulate the online environment.
Furthermore, many other opportunities exist online for creative knowledge work
and collaboration which are not present in LMS at all, ranging from simple web
applications for data visualisation, presentation, mind-mapping, web publishing,
and so on through to complex environments like Second Life. The Internet continu-
ally offers new tools to support such activities, but most contemporary learning
management platforms do not fully encompass them and, even when included, such
services are usually far more difficult to use than those found in the ‘real’ Internet.
Finally, and most importantly, key online services like Twitter and Facebook are
now very widely used and have become the main way for people to share informa-
tion and forge and maintain social networks. The way people use the Internet
through these services is completely different to the traditional approach taken in
LMS. A mismatch is evident between what people are doing on the Internet and the
online provisions of universities (Liber, 2004, pp. 137-138; Allen & Long, 2009).

This chapter examines, in contrast, how the learning experience can be enhanced
through the provision of virtual collaborative learning (VCL) environments that
utilise so-called Web 2.0 technologies to produce learning networks. Such learning
networks are innovative and more effective because the open and participatory
nature of the technologies that sustain them relocate the practices and power of
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learning within and across the network itself rather than to a central source from
which learning is transacted. VCL environments disperse learning into the connec-
tions that form the network as opposed to serving to transfer knowledge from one
point to another. They also more closely emulate the everyday behaviour of most
Internet users and enable a greater development of informal learning through the
networks thus formed. While in theory LMS might promote such activity, in fact
they do not, because of the combination of institutional strictures and traditional
assumptions noted above. The more that the Internet generally changes character
away from its origins, which also give birth to the LMS in the 1990s, so the disparity
between the everyday networked experience and the study-bound LMS experience
grows and inhibits students from learning effectively when limited to the latter.
While in its early days, e-learning moved away from traditions of instruction and
transfer of knowledge, as it has become systematised within institutions, these tradi-
tions have largely re-asserted themselves and become culturally encoded into
LMS use.

The educational arguments in favour of learning in such environments are
straightforward and reflect several years of observing the relative successes and
failures of current approaches to e-learning. First, whenever learning involves
collaborative discourse, concepts, notions, or ideas are refined and transformed
during collective exchange where participants contribute their ideas to an online
community network and ‘build on’ the contributions of others. Second, concep-
tual change is an intentional and reflective cognitive process leading to higher
order learning that arises through the efforts of individuals and collaborative
groups (Campos, 2004, p. 10) and such groups form online as much as in physi-
cal spaces. Indeed new knowledge and ideas emerge whenever an individual or a
group of individuals engages in discourse and interaction with other individuals
and groups.

When correctly managed, networked online collaborations can proceed more
efficiently than through past practices in knowledge exchange transactions. This
efficiency stems from the fact that the raw material through which the networking
process occurs—information displayed on a screen—can be rapidly transmitted,
altered, developed, and refined, often in direct collaboration via that screen. The
informatic and communicative aspects of the collaborative process converge, col-
lapsing the time between initiation and completion of a learning activity, and thus
enhance the interactions among the human participants. Further, as they are in digi-
tal form, these informational transactions can be stored, reused, analysed, and rede-
veloped with significantly less cost when compared to other mediums.

The purpose of this chapter is not, however, to argue the need for VCL—the lit-
erature abounds with positive endorsement for such environments. Instead, the
focus is on understanding the curriculum design factors and strategies that inform
the educationally effective deployment of VCL environments. We begin by examin-
ing how technology can support successful learning outcomes in the online
environment.
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3.2 Online Collaboration: Coordinating Technology
and People

It is emphasised from the outset that the Internet is not a learning technology in the
traditional sense. It is a socially widespread technology for knowledge work—
through which knowledge networking has become far more prevalent (Allen &
Long, 2009). The Internet is used by people in many ways to produce ‘learning’
regardless of whether they actively think of themselves as learners or students.
In this nonphysical world of social interaction and virtual collaboration people are
afforded the freedom to

e Communicate and interact with other people in ways that reduce the conse-
quences of spatial separation and varying time-zones.

e Search for and acquire information that meets their immediate and longer-terms
needs in developing knowledge to solve problems, make decisions, and become
better informed about the world.

* Organise information via virtual libraries, bibliographies, tagging, or otherwise
cataloguing their material and ideas.

* Organise collaborative online activities such as decision-making, shared infor-
mation spaces, and website maintenance.

e Transact business processes in ways that save time and money by exchanging
data and information in digital form without the need for more costly physical
interactions.

¢ Publish and share content for other interested users through web-publishing ser-
vices such as blogs, wikis, and discussion forums.

e Create textual and audio-visual resources and content, both distributing them
online and forming interactive communities around them.

These activities occur separately throughout the Internet without the benefit of a
single, task-specific, purpose-built digital environment in which all activities are fully
harmonised. As a result, it is often the case that specific tasks are segregated accord-
ing to the Internet function that generated them. For example, all emails are stored as
emails, rather than as part of an overall task or project; website favourites are organ-
ised and stored as individual resources and not for group access. Although the emerg-
ing forms of Web 2.0 technologies are built upon collaboration and the coordinated
activity of ‘networked individuals’, there is evidence that the majority of Internet
users are still largely engaged in individual pursuits or interact with the spaces of col-
laboration (such as Wikipedia) only as observers, audiences, and readers.

The fact that technologies for collaboration exist and have so for several years
suggest that there is more to online collaboration than just the technology.
Fragmented private internet use no longer seems to be the preferred norm of tech-
nologies such as blogging, tagging, social media, and the like (Bruns, 2008; Howard,
2008), yet the uses are quite low or very narrow. Perhaps it is difficult to collaborate
and simultaneously share a commitment to the ongoing maintenance of collabora-
tive online endeavour.
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Successful collaborative online behaviour is not inherently formed from the
technologies, but is fundamentally social in its orientation, depending on the people
involved as well as their computers and code. Three factors are crucial (Bruns &
Bahnisch, 2009; Jones & Issroff, 2005):

1. Members of the network must be motivated to become involved and participate
fully: such motivation is both intrinsic (in that the process of networking is
engaging and enjoyable) and extrinsic (networking produces a realisable benefit
for themselves and their community); further the activities of the network must
themselves produce ongoing motivation and not serve or create demotivating
concerns (for example, too much time required; lack of apparent success).

2. The rights and responsibilities of participants must be actively facilitated, not
only in the early stages of the network’s formation, but also in ways that enable
the network to grow and adapt over time; in this respect a network is not a
community—communities have more tightly defined boundaries, whereas net-
works extend and intertwine themselves far more through the active acquisition
of additional nodes.

3. Participants are most successfully engaged and facilitated because they are the
primary ‘authors’ and ‘developers’ of the network and, while members of the
network can play several roles, they are all encouraged and capable of producing,
not just receiving the information and communication flows within the network.

Put simply, successful collaborative networks attract membership, engage those
members, and encourage ownership of the network. Moreover, network systems
that enable human interaction must be useable in ways preferred by members. This
requirement does not mean that the technologies must always be of a particular type
or provide a specific function, but rather that the needs and imagination of the users
should align with the capabilities of the applied technologies. Therefore, virtual col-
laborative networks are only successful when the needs and expectations of the
participants align with the capabilities and affordances of the available technologies
(that is, the chosen technologies must be adaptable to human needs (Oblinger &
Oblinger, 2005, pp. 14-15)).

Users of virtual networks can be encouraged and supported to learn, refine, and
filter content through communal opinion (whether or not a consensus is reached),
discussion, and research to identify and interpret the meaningful relationships that
exist between objects, phenomena, and human minds. It is the combination of infor-
mation and computer technologies (ICT) along with advances in exploiting communal
intelligence and conceptual understandings to build self-organising, adaptive online
spaces that ultimately support innovation, creativity, and the generation of new ideas.

In effect, such spaces represent a framework for integrating various online tech-
nologies, offline spaces, human and technology-based support systems, and the
thinking processes, methods, and strategies that give rise to learning. The construc-
tion of this framework requires design principles tailored to manage the complexi-
ties that occur as a result of the convergence of ‘real-world’ interactions between
people and information, and the more abstract development of concepts, ideas,
creativity, and learning.
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The key to designing educationally effective online collaborations is to extend
the individual’s knowledge construction skills to embrace multi-levelled, intercon-
nected, social learning systems that expose learners to a diverse array of perspec-
tives, practices, interests, and the idiosyncrasies of the targeted knowledge domain.
Collaboration among individuals and networks of individuals (groups) are funda-
mental to the sustained generation of new ideas, the refinement of accepted ideas
derived through the efficient dissemination of information, and to the subsequent
creation and application of knowledge. In this model, the learner is encouraged to
negotiate pathways (either preset or self-determined) through divergent contexts
while simultaneously being ‘monitored’ by community members who analyse and
provide feedback on the strategies employed during the learning process. In this
way, learning capability is enhanced for both the individual and the community.

However, any new model of learning for constructing educationally effective
VCL environments that incorporate technology as an aid to the learning process
must strive to connect people to people—not people to machines. With this goal in
mind, a number of questions arise in determining how learning can be facilitated in
the online environment. The questions that guide the present discussion are:

* How does learning emerge in a network environment?

e What are the strategies for producing collaborative learning in such
environments?

* How to identify and provide automated support for the learning needs of a net-
worked community of learners?

3.3 Learning in a Network Environment

In the physical world, social networks operate on the relatively simple principle that
whenever people, groups, systems, nodes, organisations, resources, and other entities
are connected, a ‘greater than the whole’ effect emerges as a result. Changes that occur
within any of the components that make up the network produce an effect throughout
the entire system. When such a network environment is used for education, learning
occurs most effectively via the creation and strategic use of connections and relation-
ships between nodes in this network. Nodes include information, ideas, individuals,
and communities of interest. The likelihood that a new or unknown concept will
become evident to the learner is dependent on how well it is linked to supporting
nodes of information and to other supporting resources. As learners are exposed to
more opportunities to identify and recognise the available nodes, the resultant increase
in their depth of understanding eventually leads to cross-pollination of ideas and con-
cepts communicated within the immediate learning community.

In effect, a social learning network is a structure within which a coordinated set
of resources and activities are offered to provide opportunities for learning that are
designed to empower the learner to create and evolve a range of experiences among
people, places, and information. The learner is actively engaged in shaping the
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learning environment to support his or her individual learning. Such networks
contain both information and identity nodes—things to learn and learners—and the
network sustains motivation to learn, learning activities, and the reflections by
which learning is known to have occurred.

Networking as described above can inform online learning design and accord-
ingly enable the transition from a centralised, institution-based education system
that requires conformity to an inflexible, standards-based top-down structure, to a
decentralised, bottom-up system of knowledge creation and sharing that is formed
around informal structures and standards. The design and structure of a networked
learning environment should not be limited to technological application and inter-
face design, nor should it be confined to the provision of curricula and learning
materials. Instead, learning networks can be thought of as environments that encom-
pass the social and environmental aspects of human experience.

Human learning networks are analogous in their nature to ecological systems.
That is, they are ‘alive’, in that they display properties characteristic of dynamic,
vibrant, interactive, and evolving environments. They are also grounded in interde-
pendence: no element of the ecology can flourish without others. From a learning
perspective, the design elements of a collaborative educational environment should
provide:

* A means of organising individual input and experience.

* A mechanism for putting that experience into context.

* A means of creating knowledge and becoming part of other individual’s or group
experiences.

The capacity to prompt learners to structure, integrate, and interconnect new
ideas with their existing knowledge and prior experiences facilitated by tools that
enable them to rearrange, synthesise, and restructure information in their efforts to
expand their personal knowledge base, means in effect that ICT provides a useful
aid for teaching the complex tasks of thinking, problem solving, and learning
(Candy, 2004, p. 230). The focus of learning becomes the learner’s active identifica-
tion and creation of relationships among data and information, married to or assisted
by the formation of relations between people within the network.

For many years, the Internet has provided a familiar example of how relation-
ships can lead to the creation of meaning and knowledge, as well as a working
environment for such learning networks. It is also a medium that can provide a
pedagogically sound foundation, conducive to active learning, knowledge construc-
tion, and discursive interactivity (Geer, 2000, p. 1). Connections made via Internet
networking enable the emergence of unusual ‘nodes’ of information or activity and
support and thereby intensify existing group activities. The amplification of learn-
ing, knowledge, and understanding through the conscious extension of a personal
network is, ideally, an epitome of connectivism in that it provides valuable insights
into the learning skills and activities that empower learners to create new knowledge
(Siemens, 2004, p. 4). The networked connections are constantly changing, dynamic,
responding to interest, experience, and new understandings and thus are continually
adapted and expanded as more is learned and the volume of accumulated knowledge
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increases. In essence, a connectivist approach to learning environment design pres-
ents a model that acknowledges the act of learning is much more than an individu-
alistic and hence, internalised process.

In recent years, the Internet has become far more capable of sustaining effective
knowledge networks that enable learning. This change is both technological and
social. Not only are many new kinds of online tools readily available for participa-
tion in knowledge networking (normally termed ‘Web 2.0’, but also understood as
social media or the read/write web), but the cultures of use of the Internet have
changed to make more and more people already part of social networks whose sub-
stance is formed by knowledgeable interactions. Thus, it is reasonable to conclude
that while the Internet has always held potential for forms of learning based in social
networks, it is only in the past 3 years that this potential has become operational. At
this time, therefore, universities that have built structures and systems better suited
to earlier ties are now facing many challenges to adapt to the epistemological shifts
of Web 2.0 (Allen & Long, 2009).

3.4 Strategies for Collaborative Learning

It is natural to assume that knowledge resides in the minds of individuals, but when
tacit knowledge is considered, especially as related to actual practice, it becomes
apparent that there is much more to learn than what is already known and under-
stood. However, complications arise when considering the broader epistemological
topology as a whole in that both tacit and explicit knowledge apply not just to the
individual, but also to the social network that is often referred to as a ‘community of
practice’ (Fitzgerald & Steele, 2008; Greenhow & Robelia, 2009; Waters & Gasson,
2007). Furthermore, much of what is described as ‘knowing’ is made more authen-
tic through active participation in the world and through interactions with other
people where the focus is directed toward solving practical problems. More specifi-
cally, a great deal of an individual’s ‘knowing’ or ‘know-how’ derives from active
participation within a social network of learners. We might label this state ‘con-
structivism’ but it is more than that: the network of relations within which people
‘know’ is itself involved. A learning network is not just a space within which knowl-
edge is constructed by individuals, but a fundamental collaborator in its own right:
the network has agency and identity as much as its individual nodes.

Knowledge, therefore, is not derived from the individual alone, or from individu-
als in concert: it derives from the architecture and affordances of the network that
those individuals form, along with their knowledge. The network particularly
enables clarifications from and between individuals so that acquired understandings
can be consolidated from deep expertise (Candy, 2004, p. 231). Such cognitive
activities are increasingly being performed in ‘virtual’ networked contexts where
the co-creation of knowledge is achieved through networked technologies. The key
concept underpinning such online activity is that through active collaboration in the
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production, creation, improvement, and innovation of knowledge, a community can
accomplish much more than the contributions of individual. Campos (2004, p. 3)
adds further weight to these views:

“Knowledge communities that develop within a networked cognitive communi-
cation process follow a path in which formal individual structures blend with col-
lectively shared content. Knowledge building represents a collaborative process in
which conceptual change and innovation are apparent. Therefore, both conceptual
change and innovation are indicators of collaborative learning”.

New knowledge emerges whenever an individual or a group of individuals
engages in some form of discourse and interaction with one or more additional par-
ticipants within an identifiable community of practice (or interest). When individu-
als collaborate, concepts, notions, or ideas are refined or transformed in a collective
exchange as may occur in synchronous ‘real-time’ discussions or as a result of
asynchronous activities such as the exchange of ideas through a bulletin board. If
the shared aim of a community of learners is to enable knowledge building, then a
detailed understanding of how intelligence is distributed across a broader matrix of
learning (see Fig. 3.1) is critical (Brown, 2002, p. 7).

It is during collaborative, networked discourse that participants ‘build on’ the
contributions of others. The outcome of this exchange is that participants reassess
and reflect on new knowledge, and in the process, reconstruct previously held concepts,
notions, or ideas. Collaborative learning is achieved when conceptual change is
explicitly affirmed and redirected during the sequence of discussions with a view to
transforming the shared thinking into new concepts and idea. However, any change
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in concepts, notions, and ideas derived through networked argumentation that
become more or less established (stable) during discourse (thus, collaborative learn-
ing) is not automatically valid evidence of knowledge building (Campos, 2004,
p- 10). Whereas the resulting outcome may be in the form of knowledge that arises
from any change in concepts, notions, and ideas that have stabilised through group
consensus (thus, collaborative learning), knowledge that is clearly unique and could
not be achieved by the individual alone is in effect the collective result of many
interconnected minds. Therefore, networked learning presents opportunities for
learners to access pedagogically rich environments that exhibit several fundamental
elements of effective learning: the active construction of knowledge; positive inter-
personal relationships; and discursive interactivity.

In terms of learning effectiveness, there are sound educational reasons for engag-
ing students in collaborative activities. As students learn from each other and benefit
from the need to articulate their knowledge and understanding to their peers, group
work becomes conducive to cultivating cognitive development. Where most stu-
dents are concerned, the authenticity of the collaborative activity or task is crucial
to determining their willingness to participate. Tasks perceived to be trivial or super-
ficial run the risk of students being unwilling to commit. However, students respect
those tasks that they perceive to be ‘real’ and suggest a strong connection to the
practical application of their knowledge and skills to creative endeavours. They also
demonstrate a keen desire to test their abilities in a group environment and to take
the opportunity to compare their work with their peers. In addition, well-designed
collaborative learning environments may encourage the enhancement of highly val-
ued generic skills that are considered necessary for successful engagement in an
information-dominated future (James, Mcinnis, & Devlin, 2002, p. 48):

» Teamwork skills as related to understanding team dynamics and fostering leader-
ship skills.

* Analytical and cognitive skills involving task analysis, effective questioning,
critical interpretation of materials, and peer evaluation.

* Collaborative skills in as applied to conflict management and resolution; and
acceptance of intellectual criticism, negotiation, and a capacity to compromise.

* Organisational and time-management skills.

3.5 Supporting the Learning Needs of Communities
of Learners

Regardless of the desired outcomes, research studies that focus on the application of
ICT to online learning design should demonstrate learning advantages for all affili-
ates including the learner, the lecturer/tutor, and the learning institution. The bene-
fits to the learner should include: an increased capacity to acquire and generate
knowledge; identifiable social benefits in terms of collaborative and team
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participation skills; enhanced personal motivation and lifelong learning skills; and
advanced learning and problem-solving strategies.

For the teacher, administrative workloads must be noticeably reduced, thus free-
ing up valuable time to focus on their primary role, that of facilitating the learning
process. The main outcomes should include: the capacity to access high-quality
resources for reuse in other learning contexts; provision of automated assessment
tools; and the assistance of software systems that respond directly to learners’
immediate needs and deliver customised assemblies of teaching resources tailored
to diverse learning styles and generational preferences. Finally, the benefits to the
learning institution apply to: a measurable increase in learners’ knowledge and their
eventual suitability for employment; calculable cost advantages and procedural effi-
ciencies; the levels of contribution to organisational goals; and the status derived
through the delivery of innovative teaching solutions in relation to world best
practice.

Therefore, where VCL is concerned, it is important to recognise that in the
absence of systematic planning and design to determine a suitable structured envi-
ronment it is unwise to assume collaborative activities will automatically result in
quality learning outcomes. Campos (2004, pp. 9—10) raises three crucial questions
in relation to the learning effectiveness of collaborative environments that assist in
devising a viable learning model:

* How to assess collaborative conceptual change and learning?

* How to assess collaborative conceptual (or notional or idea) change and (higher
order) learning in online discourse when these processes follow one another?

* How to assess knowledge building?

In answering the first question, Campos emphasises there is a marked difference
between successfully performing an action and understanding what has been
achieved. Whereas an individual may succeed in identifying a problem and then
structure it through language or the written word, in order to really understand a
problem requires the capacity to reflect on the problem at hand, formulate hypoth-
eses, and reconstruct prior logical conclusions (logical reasoning). It is during the
process of applying logic to solve problems that inferences are made, a tacit learn-
ing process where the learner moves from meaning to meaning to draw valid rela-
tionships and refine their individual meaning system (natural logic). Conceptual
change is an intentional and reflective cognitive process leading to higher order
learning as opposed to lower order learning which is mainly automatic (such as
learning instinctively or making unconscious decisions). Conceptual change can
occur individually or in collaboration with others (collectively). When it is collab-
orative, concepts, notions, or ideas are changed or transformed in a collective
exchange, as in the case of web-enabled asynchronous activities.

The distinction made here between succeeding and understanding points to the
difference between cognitive and metacognitive behaviour, where metacognition
refers to the individual’s awareness of their own cognitive processes, or the thinking
steps required to transform a concept, a notion, or an idea. Thus, metacognition is
thinking about thinking as well as knowing ‘what is known’ and ‘what is not known’.
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The basic metacognitive strategies to be observed when designing a collaborative
learning model are (Blakley & Spence, 1990, pp. 11-14):

* Connecting new information to former knowledge.
» Selecting thinking strategies deliberately.
e Planning, monitoring, and evaluating thinking processes (Dirkes, 1985).

In considering the implications of the second question, Campos instructs the
learner to identify concepts, notions, or ideas that are both at the centre and are a
result of a hypothetical collaborative process of networked argumentation. In this
process, community participants ‘build on’ the contributions of others using a ‘if
this, then that’ strategy to apply explicit or implicit conditionals that correspond-
ingly lead to hypotheses formulation and inferencing. The result of this exchange is
that participants reassess and reflect on knowledge and rebuild previously held con-
cepts, notions, or ideas. When collaborative conceptual change occurs, then collab-
orative learning is also likely to take place. However, it should be noted that
collaborative learning can only be achieved if there is evidence in the sequence of
exchanges that conceptual change was clearly incorporated in the renewed dis-
course, either by affirming it or by re-transforming it to create renewed concepts,
notions, or ideas.

Where question three is concerned, Campos advises that any change in knowl-
edge must be profound. That is, the resulting knowledge must be unique and a truly
collective result of the many asynchronously interconnected minds, something that
could not be achieved by the individual alone.

3.6 Designing a Virtual Collaborative Learning Environment

VCL design does not mean ‘building a website’ or writing code, or even using a
learning management system (LMS). Designing a VCL refers to the curriculum
design strategies by which teachers can create, using web technologies, experiences
for collaboration that involve networking. Such design must, in the first instance, be
informed by the principles that underpin the attainment of metacognition: the design
of a VCL needs to ensure that students have metacognitive awareness of their inter-
actions and practices within it (Blakley & Spence, 1990, pp. 11-14). As Tay and
Allen (2011) argue, curriculum design for technology-based learning must also
identify and create effective social affordances, and not just rely on the technologi-
cal affordances.

Students begin a learning activity through a conscious process of identifying
‘what is known’ and ‘what is not known’. As they engage in a learning activity,
students are required to verify, clarify, and expand or replace their prior knowledge
and understandings with more accurate information. In essence, a metacognitive
learning environment should be designed to encourage students to be aware of their
own thinking. Therefore teachers need to monitor and apply their personal knowl-
edge, deliberately modelling their individual metacognitive behaviour to assist
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students develop an understanding of how to structure their own thinking processes.
In other words, the teacher is as active within the VCL network as the students.
Problem-solving and research activities provide additional opportunities for devel-
oping metacognitive strategies. To be successful, teachers need to focus student
attention on how tasks are accomplished. Process goals, in addition to content goals,
must be established and evaluated with students so they discover that understanding
and transferring thinking processes lead to improved learning.

The substantive point here is that the learning network does not require code to
do this type of work: rather, for it to be a learning network, there has to be a designed
process—carried out using any relevant technology (blogging, discussion, wikis,
chat, or more)—through which metacognition is made present within the interac-
tions of individuals. Essentially, through the teacher’s intervention, metacognition
becomes a node in itself.

There are a number of useful models for gauging the learning effectiveness of
collaborative activity in which it is understood that the goal of computer-mediated
communicative interaction is the production of new knowledge or the understand-
ing of meanings (Campos, 2004, pp. 4-6). He describes several models of which
two are selected as typical examples of how collaborative learning environments
may be designed and structured. The first draws directly on grounded theory prin-
ciples to propose a five phase evolution of negotiation leading to the co-construction
of knowledge: sharing and comparing information; the discovery and exploration of
dissonance or inconsistency among ideals, concepts, or statements; negotiation of
meaning and construction of knowledge; testing and modification of proposed syn-
thesis or co-construction; and agreement on the applications of newly constructed
meanings. A second model employs three methods. The first defines discussions as
being vertical (seeking answers on a given subject matter), or horizontal (interacting
with other participants to co-construct) in order to classify them as the simple
assimilation of information or knowledge construction. The second method advo-
cates the need for critical thinking and participation. The third classifies discourse
according to vertical questioning, horizontal questioning, statements, reflections,
and scaffolding.

An innovative example of how an online learning network may be structured to
support learners in their efforts to construct and assimilate new knowledge is pro-
vided by Slotta and Linn (2000, pp. 4-5) who devised a set of design principles they
refer to as the Scaffolded Knowledge Integration Framework. Within this frame-
work, students become engaged in sorting out unfamiliar ideas and determining a
predictive set of models. Students are also encouraged to develop personal criteria
for linking ideas and expectations about what it means to explain and what it means
to understand. Ultimately, the goal is to structure autonomous learning in a way that
promotes the ability to integrate diverse sources of information and to judiciously
critique the credibility of their findings.

To achieve such outcomes, cognitive, social, and epistemological factors provide
the basis for devising the four major principles that underpin this framework, which
we will now outline.
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New goals for learning are required in order to shift students (and teachers)
away from their traditional focus on rote memorisation and performance
measurements against standardised tests. What is needed is a curriculum that
emphasises opportunities for students to evaluate new information in accordance
with personal understanding, to articulate their own theories and explanations,
and to actively participate in principled design. Students must also assume a
high degree of independence when engaged in the process of solving complex
problems. This approach encourages students to seek out and explore connec-
tions and to test the validity of the connections they have made. In turn, they are
able to develop greater autonomy in evaluating connections and seeking out
disconnected information. The importance of connecting ideas in the Scaffolded
Knowledge Integration framework is supported by the notion of ‘making think-
ing visible’. Most noteworthy is the way connections are made and how relation-
ships are defined to form new conceptual understandings that in principle is
similar to systems thinking.

. Itis important to assist students to utilise their own repertoire of learning models

by providing the tools and opportunities to represent their own thinking. This
strategy allows students to develop more sophisticated as well as more diverse
models of thinking, particularly if structured within a framework of cognitive,
procedural, and metacognitive supports. To have any real effect however, it is
essential students receive constructive feedback on the relevance and efficacy of
their current thinking models.

. There is a need to emphasise autonomous student activities that connect to stu-

dents’ concerns and engage them in sustained reasoning. Design or critique proj-
ects that require students to form opinions or explanations about the available
evidence or to make principled design decisions assist to encourage autonomous
learning. To make such projects authentic, it is essential to draw on students’
existing knowledge and to incorporate information that is directly relevant to
their individual interests.

. Social supports for learning can assist students to develop valuable collaborative

skills, and in the process, gain new insights from their peers. For example, listen-
ing to ideas from peers, validating each other’s ideas, and asking questions of
peers all foster the formation of links and connections among ideas. However,
opportunities for discourse succeed best when structured into the curriculum, so
that students are actively encouraged to share opinions, offer feedback to others,
and to reflect on the mix of ideas.

Thus, designing an effective social context for learning also involves guiding the

process of social interaction. Well-designed learning environments not only pro-
mote collaborative activity, but also provide an efficient means of teaching students
to learn how others connect ideas.
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3.7 Curriculum Design as Applied to Virtual Collaborative
Learning Practice

How might these four principles be put into practice to create an effective VCL? To
answer this question we must first of all appreciate that there is no single software
solution, no packaged learning system or similar options. While LMS such as
Blackboard, Moodle, Sakai, Desire2Learn, and others are very prominent in online
learning and could play a significant part of the production of VCLs, they are not, of
themselves, the answer. Rather, the four principles just outlined provide us with the
ability to create an interwoven mix of technologies, practices, and learning design
which gives effect to the VCL through the digital ecology of the network: the inter-
action of people, ideas, and activities that can be experienced through many techno-
logical forms.

Here is one way to use existing online knowledge work technologies to give
effect to these principles.

The first principle, put simply, requires students to be active in their learning: to do
something, rather than simply receive and attempt to internalise information. While
learning is not solely about the inherent generation of knowledge from nothing, learn-
ing will only be effective, for the majority of students, when it involves working with
prior knowledge, transforming it, appropriating it, and representing it. The Internet
provides a very powerful array of technologies to enable such an approach. Wikis,
whether in their more traditional form (for example, maintained through services like
http://wikispaces.com, http://wikidot.com or http://pbworks.com) or in more sophisti-
cated ways (http://springnote.com), are one such technology.

A wiki is a space that depending on the way it might be designed and prepared
by a teacher is a more or less open, collaborative writing/media production environ-
ment, which more than any other online technology embodies the principles of the
read/write web. Knowledge is received, considered, and also produced all in the
same place. Quite literally, the space of reading is also the space of writing. Although
difficult to use in practice, wikis produce the kind of active engagement that is
essential within a VCL. There are alternatives, as well. To pick one example, http://
slinkset.com enables any Internet user to create a private or public shared space that
mimics the rolling stream of links and comments found in services like digg.com
and reddit.com. VCL development requires educators to find these ‘open’ writeable
spaces and then encode them with the scaffolding necessary for students to use them
as a place for conducting knowledge work online.

The second principle demands that students have tools to represent, reflect on,
and improve their own thinking. The Internet, particularly in the guise of Web 2.0
applications and services, has provided significant opportunities for students in this
respect. Mind-mapping software (for example http://mind42.com; but also http://
www.wisemapping.com, http://www.glinkr.net and http://bubbl.us) is a very useful
technology by which the thinking process can be externalised, often shared with
other students and teachers, even used as the basis for a fully finished piece of
knowledge work (rather than being a precursor to a traditional written form of
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presentation). While not commonly thought of as a tool for thinking representation,
a blog (powered for example, by http://wordpress.com, http://blogger.com, or http://
posterous.com) is a tool that can track thinking over time, with the particular value
of the social understanding of the blog as a narrative developed over a period of
time, rather than an edited, re-edited, and then finalised single piece of work.
Visualisation services such as http://wordle.net or http://chartle.net can enable
students to translate words into images that investigate the meaning of those words
and the logical relationships within them. Services like http://xtimeline.com or
http://www.preceden.com allow students to create timelines, which serve as another
way of externalising the logical relationships involved in narratives that emerge
over time.

The third principle emphasises autonomous student activity by which they take
external, conceptual knowledge and link it to their own world, their own understand-
ings and make sense of that conceptual knowledge. VCLs will work when they create
specific tasks that students must complete to enable this linking to occur. These tasks
should, however, involve the production of an outcome, not just the reception of
knowledge. Many new services are emerging that give students the creative tools to
work independently in this way, for an audience. Where knowledge is best understood
and represented through images, http:/flickr.com allows students to present knowl-
edge as images; a service such as http://slideshare.com promotes the public sharing of
powerpoint-style presentations; and http://hubpages.com or http://scribd.com can
allow the creation of autonomous publication of written material.

VCLs need also to engage with technologies that create new forms of
presentation—http://prezi.com is a significantly different form of presentation soft-
ware; http://quizlet.com enables students to create flashcards which, instead of being
a personal study aid, become a public representation of their understanding of the
knowledge being learned. http://delicious.com and http://diigo.com enable students
to work on the production of annotated literature reviews in the form of tagged web
resources. In all cases, however, what makes these services useful for a VCL is that
they all enable and often demand collaboration, commentary, and public reception.

Social support for learning through the networked conversations of learners that
can be more or less directed towards specific learning outcomes can now take place
in many ways. Traditionally, it has been assumed that such conversations between
learners took place in ‘designed’ places, within the learning environment (discus-
sion boards, chat rooms and the like within Blackboard or a similar system). Now,
increasingly, learners utilise their own forms of networked conversation through
Facebook, Twitter, MSN, and the like regardless of what is arranged for them;
indeed these forms, which are more personal and affectively connected to students,
are likely to provide more effective social support than formalised discussion
forums. A VCL therefore needs to both recognise and accept this entirely unscripted,
unprompted, and uncontrolled social learning, while also building on these
approaches to create interconnections between formal, teacher-managed conversa-
tions and those that students are experiencing on their own. Twitter can provide such
a mechanism, but in this respect the software is less important than the recognition
that there is a continuum between entirely informal, student-dominated
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conversations and very structured, ‘learning focused’ conversations. Thus, an edu-
cationally effective VCL will promote the use of a variety of technologies that stu-
dents already use or may need to discover and then use, to create overlapping
networks of more or less formal communication between students and teachers.

The recent enthusiasm developing within higher education for massive open
online courses (MOOC) presents now a further challenge for educators seeking to
generate highly active student learning within knowledge environments. MOOC:s,
while valuable in many ways, emphasise again individual learning in response to
didactic instruction—while this is not the only model by which a MOOC could
work, it does seem to be the emerging norm.

Ultimately, a VCL will emerge in different ways, for different purposes, depend-
ing on the students and teachers involved and the subject matter to be learned. There
is no single model which can be adopted reliably in all situations. However, as evi-
denced from the examples above, a VCL needs to deploy a range of technologies
that have, in common, the linking together of people, with ideas, and through these
technologies interactions between people and ideas are brought to the fore of the
learning experience. This chapter demonstrates that there is still significant research
to be conducted in this field, directly addressing the questions of how might such
interactive environments be realised in higher education, given the overwhelming
focus on the traditional LMS.

3.8 Conclusion

While many educational institutions throughout the world have introduced online
learning as a delivery option, there is mixed evidence about the concurrent develop-
ment of curriculum models that advance pedagogical diversity and learning effec-
tiveness. Aside from some innovative exceptions and a general tendency towards
technology-oriented experimentation, the design of most online learning experi-
ences is structured around the conventional instructional model, which inherently
does not afford the flexibility required to take full advantage of the socialising and
information sharing potential of the Internet as it now exists, with nearly a decade
of Web 2.0 and social media development.

In many universities, online learners are not equipped with the tools required to
organise their work, group learning is not always readily available, team-focussed
problem-based learning activities are not easily supported and managed, and pro-
ductive engagement with the wider community is not always feasible. There is little
systemic attention paid to the importance of the pre-existing social networks of
students, mostly enabled by Facebook and Twitter, nor their own social media hab-
its (encompassing such newer services as Tumblr and Pinterest). Moreover, the
power of these networks, and the way educators might intersect with them is not
widely understood as the key challenge for curriculum design.

The Internet continually offers new tools to support such activities, but there is
an obvious disparity between what people experience on the Internet and what
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university online delivery platforms provide. Bridging this gap is only part of the
solution as there is also the unrealised potential of students’ web 2.0 expertise to
consider. There is something incongruous in the notion of applying web 2.0 tech-
nologies to learning and teaching without enlisting the support of the very audience
that by and large have been the drivers of web 2.0 innovations.

For students to learn effectively in the increasingly complex online systems
available, teachers will need to create from the raw material of web 2.0 technolo-
gies, as well as any formal learning systems, an environment for virtual collabora-
tion. In such a VCL, students will learn much more than the ‘know what’ (explicit
knowledge). They will also experience and understand the ‘know how’ (innate
knowledge) that is gained through personal and active involvement in applying what
they already know, through networking with other recipients of that knowledge,
practitioners, and so on. At the interplay between innate and explicit knowledge lies
deep expertise, where the learner is required not just to assimilate the explicit
knowledge of a given subject area, but also apply that knowledge through active
engagement and contribution to relevant communities of interest (Brown, 2002).

Considered as a whole, the factors and strategies raised in this chapter point to
the need to not only rethink the purpose of the curriculum models that inform the
design and function of virtual collaborative environments, but also to devise more
adaptive, educationally focussed teaching and learning strategies. What is missing
are the technologies that promote the generation of ideas and support the communal
filtering processes that lead to innovative thinking and deep learning. For such tech-
nologies to be successful, an analysis of the innate social processes that characterise
human collaboration is required. This chapter begins the exploration of how these
processes can be supported by the ‘version 2’ web revolution, which appropriately
should be further enhanced and sustained through the active mobilisation of a strong
student voice in the design and application of web 2.0 technologies.
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Chapter 4
Open Educational Curricula Interpreted
Through the Maori Concept of Ako

Stephen Marshall

Abstract The idea of open educational resources has been growing in popularity
over the last decade, particularly in response to the initiatives of large institutions
such as Massachusetts Institute of Technology and the UK Open University and the
work of organizations such as UNESCO. In essence, this concept promotes ideas
originally developed in the context of software which state that genuine freedom
requires the ability to change and share any tool. Traditional models of curriculum
development can be seen as embodying many of the undesirable aspects of closed
systems, with control remaining in the hands of teachers. Truly Open Curricula
would allow the same freedom of modification that currently exists for content. The
Maori concept of Ako describes the relationship that exists between learners and
teachers and recognizes that an educational experience influences both through
their shared experience. This useful idea is used to explore the reality of an Open
Curriculum and to suggest a model for open education that is defined less by tech-
nology and more by the structured social experience of education.

Keywords Open education ® OER ¢ Open curriculum ¢ Ako

4.1 Introduction

Every month it seems a new university is announcing its entry into the Massive
Open Online Courses (MOOC) market. Much is being made in the media of the
experience of former Stanford artificial intelligence researcher and academic
Sebastian Thrun’s experience (Hsu, 2012; Murray, 2012) culminating in his depar-
ture from Stanford and the formation of a company to build on that success (Udacity;
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http://www.udacity.com). The Open University, Massachusetts Institute of
Technology (MIT), Harvard, Stanford and a range of other institutions are all exper-
imenting in the Open Educational Resources (OER) space and releasing large
amounts of content for use by students anywhere in the world. This international
largesse has not escaped the notice of the United Nations with UNESCO working in
partnership with a consortium of international institutions to explore the concept of
an OER university (Mackintosh, 2011). These initiatives appear to be being driven
by a range of factors. Individual teachers are being motivated to address a widely
perceived failure of higher education to provide cost-effective education to every-
one and to improve the quality of learning and teaching. Open approaches are also
seen as providing a response to the monopoly on knowledge being developed by
commercial publishers and also supporting lifelong learning (McGill, Currier,
Duncan, & Douglas, 2008; OECD, 2007; Yuan, MacNeill, & Kraan, 2008).

At the heart of the current activity, there appear to be two key ideas. The first is
the concept of openness. Originally an almost nostalgic view on the development of
software, the open ideal is now an active political philosophy that combines ideas of
democracy with a Marxist perspective on the common ownership of society (Lane
& Van Dorp, 2011; Unsworth, 2004; Vest, 2006). The second is what (Batson,
Paharia, & Kumar, 2008) describes as the consequence of the pedagogy of abun-
dance. Digital technologies and the Internet have created a world where the cost of
creating and accessing information has dropped substantially and the role of educa-
tional institutions as repositories of scarce knowledge is no longer assured. Thomas
Carlyle stated that “The true University of these days is a Collection of Books”
(Carlyle, 1885, p386) in response to the explosion of books following the invention
of the printing press. Technology now means that most people, at least in theory, can
carry the university with them wherever they are.

These ideas, and the projects they have stimulated, suggest that the world is
about to experience a shift in how higher education is accessed and valued by our
societies. However, significant challenges confront those engaging in open educa-
tion. The most obvious one is that of sustaining the creation and delivery of the
“open” resources. Researchers in the field of open education are starting to see a
change in focus from the creation of content to an examination of how that content
is used to support learning (Ehlers, 2011; Lane & Van Dorp, 2011; Stacey, 2010).
This focus on use suggests two main issues. The first is the mundane question of
who pays? The experience of the content industries (music, television, movies,
books, and news) suggests that sustainable business models embracing digital
media are challenging. Many of the current open education initiatives are dependent
on charitable funding from educational foundations and struggle to demonstrate
sustainable financial independence (Baraniuk, 2008; Stacey, 2010).

The second main issue is that of the curriculum. Current activity in open educa-
tion is predominantly framed within a model of teacher-driven courses. Many of the
open resources being developed for educational use are being created for use by
other teachers and within the existing model of formal education and qualifications.
This raises the question, is it possible to meaningfully describe an “Open
Curriculum,” an educational experience able to be reshaped usefully by a learner
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outside of the necessary control of a teacher? And if so, is there still a role for a
teacher and how do the two roles engage effectively with each other? This chapter
explores these questions and whether a conception of education expressed by the
New Zealand Maori term “Ako” might be useful in defining one possible direction
for higher education.

4.2 Ako

The Maori people of New Zealand have the concept of “Ako.” Commonly the word
is used to mean ‘“education,” but it has a more complex etymology. Ako embodies
the idea that teachers and learners are inescapably entwined in a synergistic experi-
ence of learning. The act of learning teaches others who in teaching you become
learners themselves (Hemara, 2000). This concept of education as a relationship has
a number of attractive features consistent with the ideas of active education, social
constructivism, and the use of discussion and communication technologies to sup-
port learning (Bishop, Berryman, & Richardson, 2002; McDonald, 2011).

To understand Ako, it is important also to be aware of the respect for experience
and knowledge within Maori culture. The two roles of teacher and student are not
equivalent and Ako does not mean that learning arises from the interaction of peers.
A successful Ako relationship will reflect mutual respect and awareness of each
other’s strengths and needs, framed within a shared desire and interest in the object
of the learning. Epistemologically, Ako is also framed traditionally by tikanga, the
worldview, customs, and rules of the Maori culture. Tikanga sets limits on many
aspects of daily life including that of learning and forms a normally invisible frame-
work constraining, sustaining, and defining the actions of both the learner and the
teacher. At this point, it is also worth emphasizing this view of Ako is a modern
description of education quite distinct from the practices of learning sacred knowl-
edge within Maori communities prior to European settlement in New Zealand
(Mead, 2003).

Educationally, the key concepts of Ako that can be used to frame the work of
teachers and learners more generally can be summarized as follows:

1. The design of education in the form of relationships between people who are not
equals but treat each other with respect.

2. The work of the participants is structured by a set of implicit and explicit cultural
norms and expectations independent of the subject being studied.

3. Learning is active, and the act of learning stimulates and provokes a pedagogical
response from the teacher that facilitates deeper learning by both the learner and
the teacher.

4. The learner and the teacher are participants in a larger community that supports
and sustains them and which values both of their contributions to the life of that
community.
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These ideas form a coherent set of values, or tikanga, that can be used to frame
education in many contexts and which will be used below to suggest a model for
open education that is defined less by technology and more by the structured social
experience of education.

4.3 Open

The idea of “Open,” a far newer cultural concept than Ako, draws on two main
strands of modern thought. The first is embodied by the Open University in the
United Kingdom and similar “Open” education institutions internationally. These
institutions are guided by a philosophy of education that accepts anyone as a student
irrespective of their prior performance. Teaching materials produced by open insti-
tutions are often made available publicly as well, in order to promote wider access
to learning materials.

The second sense of openness is derived from the field of software. Open source
software describes the practice of sharing the source code of software as well as the
compiled or runnable application. The emergence of the modern consumer com-
puter business has seen this replaced with commercial software which is merely
used and which cannot easily be modified by users.

Many within the research computer community have strong reservations about
the implications of the lack of access to the source code of software. These concerns
led people such as Richard Stallman to explore the concept of openness through the
idea of free software (Stallman, 2002). These ideas, expressed as a set of four free-
doms (Table 4.1), were not just a statement of practical concerns about the ability to
modify software but are a strongly expressed political position on the role software
could play in society: “When users don’t control the program, the program controls
the users. The developer controls the program, and through it controls the users.
This nonfree or ‘proprietary’ program is therefore an instrument of unjust power”
(http://www.gnu.org/philosophy/free-sw.html).

A successful open source software project is often seen through the continuous
refinement and improvement undertaken by a large number of contributors.
Importantly, there are two major types of participants in these projects, the archi-
tects or leads who define the major goals and structure of the software and who vali-
date the contributions made by others and those who work within that structure to

Table 4.1 Richard Stallman’s four freedoms (http://www.gnu.org/philosophy/free-sw.html)

The freedom to run the program, for any purpose (freedom 0)

The freedom to study how the program works and change it to make it do what you wish
(freedom 1). Access to the source code is a precondition for this

The freedom to redistribute copies so you can help your neighbor (freedom 2)

The freedom to distribute copies of your modified versions to others (freedom 3). Access to the source
code is a precondition for this
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improve the software’s capabilities. In many projects the boundary between these
two groups is fluid and users actively participate in discussions about the architec-
ture and feature set of the software they are collectively creating and using. A key
feature of this community is that all of the members are active users of the software
they create.

David Wiley recognized (Wiley & Nelson, 1998) the potential impact the ideas
of the open or free software movement could have in education and coined in 1998
the concept of “open content.” He suggested that this would see the creation of a
mechanism for free and simple access to learning materials and support a culture of
educational innovation and collaboration (Wiley, 2002). Building on the ideas of
open content, UNESCO hosted a forum in 2002 (UNESCO, 2002), which defined
the concept of OERs. Extending beyond content, OERs were defined as “educa-
tional resources, enabled by information and communication technologies, for con-
sultation, use and adaptation by a community of users for non-commercial purposes”
(UNESCO, 2002, p24).

The two strands of openness started to merge in 1999 when the Open University
collaborated with the British Broadcasting Corporation to create a website of open
content (http://open2.net/). This website provided a range of freely accessible online
educational content complemented by online and public collaboration and contribu-
tion facilities (Lane, 2012). The materials produced however remained under copy-
right and thus fail the test of the four freedoms outlined above.

Subsequently, the Open University partnered in 2006 with the William and Flora
Hewlett Foundation in the module-based Open Content Initiative (OCI now known
as OpenLearn, http://openlearn.open.ac.uk/). The OpenLearn materials are also
copyright, but licensed through a Creative Commons License (Bissell, 2009) that
allows personal noncommercial use, provided that such use acknowledges the
source of the material and that any changes are covered by the same license terms.
Again this fails the test of the four freedoms outlined above. Similarly, in 2001 the
MIT started making course materials publicly available on the Internet (Goldberg,
2001). As with the Open University, these remained owned by MIT and were struc-
tured in courses reflecting the degree model at MIT.

The work of these initial innovating institutions is now being complemented by
a number of collaborations as more institutions explore the concept of open educa-
tion. The Higher Education Academy (HEA) and the Joint Information Systems
Committee (JISC) are promoting and supporting the use of OERs through a national
programme (JISC, 2012). This describes (JISC, n.d.) OERs as “Open educational
resources are learning and teaching materials made freely available online for any-
one to use. Examples include full courses, course modules, lectures, games, teach-
ing materials and assignments. They can take the form of text, images, audio and
video, and may even be interactive.” The edX consortium of MIT and Harvard and
the Coursera initiative partnering with Stanford, Princeton, University of Michigan,
and the University of Pennsylvania are rapidly moving a large quantity of courses
online for students to access for free. Moving well beyond content, these initiatives
are providing full courses with assessments and collaborative environments. The
one thing they do not offer is a qualification; instead students receive a “letter of
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achievement” that the terms of use make clear is not any form of qualification from
the partner institutions.

MIT, Harvard, and the other institutions experimenting with free courses online
clearly have to maintain a tight balance between the reputational benefits of being
seen to be socially responsible and innovative, while also protecting the reputation
of their existing qualifications. It has been suggested that beyond the possible repu-
tational benefits, these initiatives might potentially attract students into the full-fee
programmes (Hanna & Wood, 2011). Coursera, despite being a for-profit enterprise,
has not indicated how it intends to make money from its free courses, but it seems
inevitable that some form of premium service will be offered at some point and this
might provide a pathway to an accredited qualification (or a Pearson validation act-
ing as a proxy for accreditation).

There is also, however, a strategic dimension to these initiatives when viewed
from the perspective of the successful high-profile and high-quality institutions
engaging in them. By giving away free online courses, they are essentially lifting
the expectations of society for all online providers. Existing online providers will
have to demonstrate how they are offering sufficient value over and above the free
courses to justify their fees. These free initiatives are a textbook case of Christensen’s
low-end disruption (Christensen, Anthony, & Roth, 2004) with the twist that the
disruption is being done by the established institutions. Potentially this will make it
very much harder for any other organizations engaging in low-end disruption that
might challenge the current incumbents in the future.

MOOC:s are the high-profile modern face of open education, but it is important
not to be distracted by their hype and scale and to consequently miss the fact that
they are not truly open as defined by the four freedoms. Free software advocates
make the distinction between free as “free beer” and as “free speech.” The course
initiatives described above are all “free beer,” they provide access to course experi-
ences and content, but they control the conditions and outcomes. The structure of
the courses are defined by instructors, the content remains covered by copyright and
only available for personal noncommercial use, and there is certainly no hint that
the students might remix the courses for their own ends. In reality, much of the
material released as “open” content is commonly provided for use by individuals
but remains under the control of the creator and cannot be modified, amended, and
reused by others without their permission. The perception by many academics is
that the audience for open resources is not students, but rather other academics
teaching similar courses who will simply use it as provided (Brent, Gibbs, &
Gruszczynska, 2012).

This latter point perhaps explains one of the key ways in which open education
differs from open software (Mackie, 2008). Open source software projects typically
operate as a community of practice with all of the members actively collaborating
on the software being developed. Initiatives such as edX and Coursera in contrast
are not creating communities of active participants “hacking” their courses, they are
rather establishing new communities of learners in very much the same form as that
of a traditional university (and just changing how that is paid for).
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Taking these reservations regarding many supposedly “open” educational
initiatives into account, what are the key concepts of openness that can be used to
guide the creation of a completely open education?

1. Open technologies prevent the exertion of “unjust” power on the users, providing
the users with options that are not controlled by the developer of the software.

2. The freedom to modify for personal reasons exists within a community of shar-
ing experiences of that modification and use, which encourage further develop-
ment and use of the software.

3. People engaging in open projects will naturally adopt different roles depending
on their knowledge, skills, and available resources (including their own time)
with many people happy to work to a plan defined by others providing that it is
clear and it addresses their needs.

4.4 Using Ako to Create a Philosophy for Open Curricula

In part at least, the difference between open source software projects and open edu-
cation may be a consequence of how they are experienced and used. Software is
commonly seen as being a tool, while education can be seen as a series of experi-
ences within a larger process, which may be described as a curriculum, often result-
ing in the achievement of a qualification.

Curriculum is a complex concept. It can apply to the student’s experience in a
specific class, a programme of study usually resulting in a qualification, or a national
qualification framework. Curriculum can be scoped over short periods of time, e.g.,
a single module, or it can be applied to several years of study. It can refer to the
content, the teacher’s intentions or plans, the structure of learning activities and
assessment, the relationships between those activities and formally defined graduate
and learning outcomes, or the change in skill, knowledge, and capability experi-
enced by the student (Doll, 2008; Lynch, 2008; Niculescu, 2009). Importantly,
although we can distinguish between the formally designed curriculum and the per-
ceived curricula experienced by staff and students (Niculescu, 2009), students
remain motivated significantly by the assessment component of their curricula and
the associated feedback ultimately resulting in their being qualified (Nicol, 2009).
Generalizing assessment activities to make them relevant in multiple curricula con-
texts is recognized as a challenge for existing OERs (Lynch, 2008). Those operating
educational repositories are addressing the need to complement educational
resources with information on the pedagogical uses of the material; however, these
uses are still being framed with the expectation that the structure of the curriculum
is being created by a teacher in an institutional context (Carey & Hanley, 2008).

In terms of the current analysis, curricula can perhaps be best understood as the
structured relationships between learning activities experienced by the student.
Traditionally curricula are seen as the responsibility of the teacher and institution,
with any flexibility to tailor the experience and personalize it for students in the
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hands of the teacher, not the student (Lynch, 2008). Clearly, students do not know
what they do not know and so are wise to be guided by more experienced people.
Complete freedom to choose to learn anything in any order seems to be a recipe for
chaos or at least inefficiency with a risk that much student time will be spent drift-
ing aimlessly through the ever-growing body of human knowledge such that noth-
ing tangible can be achieved. In this regard, simply having OERs available for
students is clearly insufficient in itself for many people to be able to learn (Lane &
Van Dorp, 2011).

Analogously, open source software, even that which meets all of the freedoms
discussed earlier, benefits from some constraints and structure. Software must be
able to be executed by a computer as a series of logical and purposeful instructions.
Computers are very effective at providing summative feedback to people writing
code; software either compiles or it doesn’t. Beyond that basic constraint, software
normally is created to achieve a specific purpose, and the people using it and creat-
ing it are able to quickly determine whether it meets their needs. Often this will
include the ability of software to operate effectively in conjunction with other soft-
ware systems. Beyond these basics, however, many software products contain sub-
tle bugs or misbehaviors that only occur when the software is used in specific
contexts. Much of the work of software developers is spent analyzing these subtle
faults and identifying the causes.

Curricula can be seen as helpfully providing structures and constraints support-
ing the user experience of learning. The need to place educational materials within
a specific context can be seen complicating the learner’s attempts to evaluate materi-
als for themselves (Mackie, 2008). Consequently, the approach of traditional
“closed” learning is to place the evaluative and structural responsibility in the hands
of the teacher and institution. Even when describing the consequence of open, stu-
dent created and driven education writers still impose traditional models of degrees
with “someone” responsible for selecting and structuring the resources used to sup-
port student learning (Batson et al., 2008). As discussed earlier, many ostensibly
open educational initiatives have thus remained closed rather than open or “free” for
learners to control for themselves even when they are operating outside of formal
qualification frameworks.

Using the key concepts of openness drawn from the software world and those of
Ako identified earlier as a guide, what might an Open Curriculum look like? A key
feature in common with both philosophies is the need for community and the roles
of participants within that community. Beyond the existence of the community,
there is also an awareness of the values of that community, the means by which
participants demonstrate respect for others. There is the mechanism used to identify
the different goals of the participants and the incorporation of those goals within the
shared activity of the group. Finally, there is the achievement of outcomes valued by
the individual participants, with the same activity leading to a variety of outcomes
depending on the goals and roles of the individuals.

An Open Curriculum needs to allow learners the ability to define their own
objectives within the framework established by the community they are participat-
ing within. It would then provide a mechanism for explicit summative feedback on
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whether the learner is successful in achieving the key steps to that goal (equivalent
to the process of compilation and execution of software) as well as formative guid-
ance on the quality of achievement and progress towards the larger objectives
(equivalent to the discussion by the community of people developing software as
well as the outcome of using the software).

Some of the participants in the curriculum processes would be in teaching roles,
setting the scope, shape, and structure of the overall experience but always collabo-
rating with others who might contribute components of that structure. All of the
participants would also be active members of a larger community of learners using
the curriculum to support the achievement of their own goals, just as the open
source software developers are themselves users of their tools. This community
conception of learning is very consistent with modern ideas of the evolution of the
web into the idea of “web 2.0” where value is created through the collective actions
of community members who learn to “be” through a social and creative process
(Seely Brown, 2008).

It is also important to emphasize that this community model depends on collec-
tive ownership and an acceptance of a loss of complete control by those who create
the affordances of the community (Norman, 2004). Any attempt by a few to own
any aspect of the whole is incompatible with the community dynamic. Accordingly,
it needs to be legally open as well, unencumbered by copyright.

Combining these ideas of pedagogical freedom and the experience of open
source communities of practice, an Open Curriculum imbued with the concept of
Ako can be seen as embodying the following elements:

1. An openness of the curriculum itself, where the representation of the pedagogi-
cal model, the resources supporting its application, and the support needed to
engage with it are all provided in ways that enable learners to access all parts of
the curriculum, reuse these, remix them, modify them, and freely share them
with others.

2. The existence of a community around the curriculum, with participants adopting
different roles and responsibilities within a commonly held cultural framework.
All members can participate actively in the defining the structure of the curricu-
lum (including the designed goals or outcomes intended), contributing to the
creation and development of supporting resources, and, most importantly using
the curriculum and the materials to enhance their own learning.

4.5 The Challenges of an Open Curriculum

Richard Stallman’s four freedoms were a response to a proliferation of ideas about
openness and form a robust critique of different models of open software. Similarly
others have also engaged with the ideas of open education and started the process of
stating key ideas intrinsic to openness that can be used to evaluate different
initiatives.
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Mackintosh (2011) describes the basic components of an OER through the three
dimensions of educational values, pedagogical utility, and technology enabling.
These capture the need for resources to be both legally and practically used, copied,
remixed, and redistributed. Ehlers (2011) defined a hierarchy of pedagogical levels
of freedom or openness. Low degrees of openness reflect transmission models of
education where the teacher “knows” what the learner has to learn and focuses on
transferring their knowledge. Medium degrees of freedom exist where the outcomes
are predetermined, but the pedagogy is open and determined collaboratively by
learners. High degrees of freedom exist when the objectives and the methods are
determined by the learners, who are then facilitated by teachers who scaffold
experiences.

Kahle (2008, p30) identified five principles for open educational design: “(1)
Design for access. (2) Design for agency. (3) Design for ownership. (4) Design for
participation. (5) Design for experience.” Access describes not only the ability to
acquire educational resources but also the ability for a wide variety of people to
effectively learn with them. Agency reflects the control the learner has over the
resources and their ability to modify them to suit their local circumstances.
Ownership describes the key aspect of the open philosophy that resources are
intended to be owned by future users who incorporate them in new forms and man-
ners into new resources; as implied in Stallman’s four freedomes, if you can’t modify
something you don’t own it. Participation refers to the need for learning to occur
within a social context as well as the community of practice that generates and sus-
tains the creation of learning resources. Finally, design for experience captures the
need for the affordances (Norman, 2004) of a learning resource to be clearly appar-
ent to users and able to support their effective use of the entirety of the knowledge
available to them.

The Open Curriculum infused with the ideas of Ako described above would
demonstrate high degrees of freedom under Ehlers (2011) model and is very com-
patible with Kahle’s five principles (Kahle, 2008) and those of Mackintosh (2011).
Beyond these it emphasizes the importance that the social dimension plays in com-
plex human endeavors. This is potentially a strength of the Open Curriculum but
also a significant challenge.

The Open Curriculum hinges entirely on the need for current roles of teacher and
learner to blur. This is challenging for people who define themselves strongly in
either role. Teachers, particularly at universities, are used to roles of responsibility,
authority, and accountability as well the status of being an academic. Academic
roles are very much states of being, intimately entangled with individual senses of
identity and purpose.

Harley (2008) reported that the biggest single factor preventing the use of OERs
was the need for the resource to fit into the model defined by the academic. In particu-
lar they found that humanities and social science academics particularly were disin-
clined to use resources that structured learning. Others (Coughlan & Perryman, 2011;
Walsh, 2011) have also described the inconsistency in uptake of OERs apparent
between disciplines. Much of the current body of OER work supports learning of
generic study skills, professionally applicable topics, and basic knowledge in the
disciplines of science and mathematics. A number of factors may be responsible for
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this, including the ease with which basic science and study concepts can be embodied
in OERs, but it also likely that many academics in the humanities and social sciences
are unable (or unwilling) to see their teaching embodied as an OER (Coughlan &
Perryman, 2011), in essence to shed some of their control over the learner.

Learners are often unused to taking personal responsibility for their own learn-
ing, not only in managing the tasks that need completion, but in defining what tasks
are needed, their scope and extent. Experiences with systems that provide students
with the ability to take control of their learning suggest that very few actually will
do so (Aczel et al., 2011). Beyond this, consider the impact of being one student
amongst 150,000. Maintaining a sense of purpose and focus while caught up in
communities of this scale suggests that learners need significant resilience and
motivation. Learners (by definition) don’t know what they don’t know and lack the
skills and knowledge often to initiate productive learning and need to be given some
form of context or map to start the process of knowing (Matkin, 2011).

The systems within which education occurs are perhaps the most significant
challenge to Open Curriculum embodying Ako. Academics often refer to their free-
dom, but in reality a complex web of regulations, laws, precedent, and societal
expectations controls the tertiary education systems of all countries. Much as open
source projects have benefited from systems that support and structure their exis-
tence, Open Curricula need systems that enable their creation, development, and use
(Aczel et al., 2011; Marshall, 2012). Traditionally these systems are seen as qualifi-
cations, accreditation frameworks, and institutions of higher education. The absence
of any model of social acceptance of open qualifications is notable in the current
MOOC initiatives with institutions like Stanford clearly challenged by the risks of
associations with Udacity. The need for clarity in the social and cultural place of
different models has lead in New Zealand to the development of separate Maori
adult educational providers, known as Wananga. These institutions operate within
the legal framework of New Zealand education but otherwise pursue a model of
education defined by ahuatanga Maori according to tikanga Maori (Mead, 2003).

A key feature of the systems of formal education is their certification or docu-
mentation of the achievements of learners. A major challenge facing the Open
Curriculum is how participants can communicate their learning effectively and effi-
ciently to others. Experience with MOOC:s is already highlighting the problem of
various types of cheating or fraud, and the experience of e-commerce has shown that
once something has extrinsic value there will be extensive attempts to subvert the
integrity of the associated systems. The community model of Open Curricula may
represent at least a partial solution here if the audience assessing and validating stu-
dent achievement are active participants in the community. This suggests an attrac-
tive idea for those concerned about the divide between education and economic life.

Inevitably, the ultimate success of Open Curricula as a model of education will
depend on a receptive social context, including the commercial world. Where the
Open Curricula are successful, the scale and success of the supporting community will
be a powerful argument supporting the significance of learning arising from their use.
As an analogy, consider the status of the Linux operating system. Linux in its many
forms is now a significant part of the information technology infrastructure underpin-
ning the web and many people depend on their knowledge of Linux for their jobs.
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This success, however, also illustrates the likely consequence of success for
Open Curricula, which is the increasing involvement and dominance of commercial
interests. While these interests can’t directly control open projects, they can domi-
nate them through the scale of investment they make in the project. Companies such
as Pearson are clearly seeing opportunities to develop new business models building
on open education initiatives. Linux has been able to maintain its integrity and inde-
pendence through a combination of having gifted leadership and a committed com-
munity determined to resist corporate control. Open Curricula need a similar
strength that will be harder to sustain as each community is likely to be much
smaller than that for Linux.

Scale presents major challenges for the Open Curriculum as well. Early experi-
ence with MOOCS suggests that popular subjects are likely to attract interest from
hundreds of thousands of people, far too many to credibly engage in any effective
community without significant effort in structuring their participation. Inevitably,
this suggests that communities will have to be formed continuously, building from
the original “parent” community in a process analogous to the “forking” of open
source projects. This then introduces inevitable inefficiencies as changes can’t eas-
ily be shared between different communities.

A related challenge, shared with open source software projects, is the scarcity of
expertise. To function well, each community needs its own participating “experts”
capable of leading the experience of the group. The scarcity of expertise needs to be
respected, and experts, even redefined as advanced learners, need to be supported
and their skills and knowledge used wisely. All too easily the communities can fall
back into a pattern of subordination to a small group of leaders, and the Ako prin-
ciples of engagement and community participation are lost. One way in which this
problem could be minimized would be through the development of a formal state-
ment of values, a tikanga, for the Open Curriculum that would encourage partici-
pants to behave in ways that sustain the Ako model, rather than a teacher domination
model. A key factor facilitating this would be the lack of any ownership of any
aspect of the Open Curriculum, enabling people to take resources freely from fail-
ing communities in order to sustain successful ones.

The Open Curriculum model presented here is the result of experience with tech-
nological systems and reflects a modern understanding of education and the role
that technology can play in it. The specific technologies that can be used have not
been defined and this represents an area where there are many opportunities for
entrepreneurial involvement. The absence of qualifications and support from exist-
ing formal systems of education means that Open Curricula communities will
depend on a web of services, many of which could be offered commercially without
compromising the experience of the participants. It is not difficult to imagine Open
Curricula projects succeeding in existing collaboration platforms like Facebook and
the various Google tools, but it is also not hard to see how new providers could
establish the infrastructure needed to host Open Curricula much as wikis and blogs
have been enabled previously.
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4.6 Conclusion

An Open Curriculum ultimately is defined by the state of learning, the desire to
actively seek new knowledge. The disposition to engage with other people learning
from their experience in related endeavors, and to both learn from them and support
the learning they experience, to be part of a process of Ako within a community.
This primacy of a tikanga of learning distinguishes the Open Curriculum from mod-
els of “open” education that retain the authority of the teacher, that are limited to
resources or content, or which are functioning more as communities of practice
(Wenger, 1998). Requiring an active community using a shared tikanga has the
advantage of automatically creating a model of support and engagement that will
help many students learn effectively.

The challenges outlined above are real, and interestingly many also apply to the
wave of MOOCs and other OER initiatives already underway. Clearly if these dif-
ferent models do lead to new forms of education, we will have to experience a dif-
ficult transition. People supporting open philosophies can easily be confused with
anarchists and it is clear that widespread open education will be anarchic for a
period, possibly even destructive to old orders and systems of education. The Open
Curriculum model described here is not free of all constraints and the focus on com-
munity may well provide stability sufficient to weather the anarchy.

The Open Curriculum is not a model for scaling education without any concern
for the costs. It will not support a YouTube model of education where content is
simply dumped online in the hope that someone will find it useful. It requires com-
mitment and ownership on the part of those participating in it. Ako requires all
participants respect each other, respect the systems that sustain their learning, and
explicitly participate in a community of shared endeavor. Inevitably, this will be
hard to achieve in the chaos of the modern Internet. Much as with any open source
project, it is likely that any single attempt to implement the model will fail, hope-
fully these failures will also help us learn. The few successes will be all the more
valued for their genuine openness and potential for demonstrating a model of educa-
tion for the future free of the hierarchies and limitations of our current formal edu-
cation system.
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Chapter 5
Research-Based Learning: Connecting
Research and Instruction

Dirk Ifenthaler and Maree Gosper

Abstract Research-based learning (RBL) is a multifaceted approach for
orchestrating a variety of learning and teaching strategies in order to connect
research and instruction. This chapter presents a theoretical insight into RBL and
teaching which integrates learning, teaching, and research. Further, a curriculum for
descriptive and inferential statistics using the RBL and teaching approach is intro-
duced. The chapter wraps up with reflections on further implementation of RBL and
teaching, including the adoption of new technologies to assist this important
approach of university education.

Keywords Research-based learning * Curriculum design ¢ Technology e Statistics

5.1 Introduction

The origin of the twenty-first century university can be traced to religious institu-
tions (e.g. Christian monastic schools, Islamic madrasah) and influential medieval
society as early as the sixth century. In 1088, the foundation of the University of
Bologna is considered as the first university where also the term university was
coined. A university, i.e. a community of teachers and scholars, was defined as an
institution of research and higher education granting academic degrees at various levels.
Additionally, the academic freedom reflects the unique status of members of the university.
This academic freedom is widely recognised in the Magna Charta Universitatum.
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From its first foundation, universities spread across the globe with first universities
in America in the sixteenth century and Australia, Asia, as well as Africa in the
nineteenth century.

Despite numerous reforms, the successful integration of information and com-
munication technologies (ICT), and recently established fully online universities,
one thesis for the twenty-first century university remains almost unchanged: the
oppositional view of teaching and research at university (Clark, 1997). Brew (2010)
argues the necessity for change proposing that the twenty-first century calls for the
placement of scholarship at centre stage in higher education and for research, schol-
arship, teaching, and learning to be viewed as part of one seamless whole.

New understandings of the concept of scholarship and the role of scholarly work are impor-
tant not only to the development of academic knowledge but also to the development of
knowledge about the institutions and situations in which we work, and they are critical to
the development, by students, of the skills needed to cope with professional life in the
twenty-first century (Brew, 2010, p. 107).

The increasing demand for Universities to graduate students with higher order
problem-solving and critical and creative thinking skills that bridge the theory prac-
tice divide lends weight to the importance of integrating the development of higher
order capability into the curriculum (Barrie, 2004; Bosanquet, 2011). One approach
to achieving this is through research-based learning.

Given the thesis of reconceptualising scholarship to address the tension between
teaching and research at university level, this chapter presents a theoretical insight
into research-based learning (RBL) and teaching which integrates learning, teach-
ing, and research. Further, a curriculum for descriptive and inferential statistics at
undergraduate level using the RBL and teaching approach is introduced. The chap-
ter wraps up with reflections on further implementation of RBL and teaching,
including the adoption of new technologies to assist this important mode of univer-
sity education.

5.2 Research-Based Learning

In the nineteenth century, Wilhelm von Humboldt echoed in 1809 the concept of
combining research, teaching, and learning as follows: “The university teacher is
no teacher anymore and the student is no learner anymore, but rather the student
is conducting research while the professor is leading the research and assisting
the students’ research activities [translated from German]” (Humboldt, 1984,
p.- 71). Hence, the central idea of RBL is to actively involved students in ongoing
research activities and let them develop their own research interests and questions
(Huber, 2009).

RBL is a multifaceted approach for orchestrating a variety of learning and teach-
ing strategies in order to connect research and instruction. Accordingly, the research
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Fig. 5.1 Curriculum design using research-based learning approach (adopted from Healey, 2005)

activity is regarded as an important tool for teaching and learning (Clark, 1997).
This involves (1) an active involvement of students in research projects, (2) the
application of adequate research tools, (3) inclusive research approaches, and (4)
research outcomes informing the (re-)design of the curriculum (Blackmore &
Fraser, 2007).

Healey (2005) introduced a matrix which identifies various possibilities of cur-
riculum design using the RBL approach (see Fig. 5.1). The horizontal axis repre-
sents the emphasis on research content/processes, and the vertical axis represents
the level of student engagement. The four categories represent conceptual models.
In practice, a curriculum may combine different perspectives.

A research-led curriculum is highlighting content informed by contemporary
research and selected by the course instructor. This type of curriculum emphasis
mainly information sharing. A research-tutored curriculum features student-
produced research essays and discussion of research papers in working groups.
A research-oriented curriculum emphasises the research process rather than only
the research outcomes. Hence, researchers/instructors identify how research prob-
lems are approached by utilising various research methods and how scientific
knowledge is constructed. A research-based curriculum involves the student in
active research projects enabling them to learn as researchers, while the division of
roles between researcher/instructor and student is minimised.



76

D. Ifenthaler and M. Gosper

Table 5.1 Principles for integrating research-based learning

RBL principle

Detailed description

Personal research focus

Research overview

Active student participation

Contemporary research focus

Research methods, skills,
techniques

Research activities as assign-
ments and assessment

Research culture

Values of scientific research

Focus on current research projects

Illustrate problems to be solved in research projects

Provide insights into theoretical and methodological
dilemmas of conducting research

Provide historical insights into theoretical concepts and
methodological approaches

Critically reflect on current findings

Link current research with past research outcomes

Involve students as research assistants in current research
projects

Let students conduct self-guided research in selected parts of
larger projects

Provide access to laboratories and venues of research

Identify up-to-date research problems

Analyse current scientific publications and critically reflect
the theoretical and methodological arguments presented

Identify methods, skills, and techniques needed to solve
research problems

Apply research methodology to current research problems

Provide students data of existing research and let them reflect
the research approach analyses

Involve students in micro-assignments guiding them step by
step through the research process cycle

Offer larger assignments focussing on conducting a complete
research project

Provide an overview about ongoing research projects

Invite guests presenting and discussing their current research

Encourage active participation at workshops and conferences

Assist students in organising student-centred workshops and
conferences

Model the ethical and scientific values of the discipline

Ilustrate the research dissemination process (e.g. conference
presentations, journal publications)

5.2.1 Principles of RBL

In general, effective curriculum design involves determining the objectives of the
course, choosing adequate anchors, providing relevant information in an appropri-
ate way and deciding which activity facilitates student understanding (Beck &
Krapp, 2006; Bosch, 2006). Additionally, the integration of RBL approach into cur-
riculum may follow specific principles as shown in Table 5.1 (Baldwin, 2005;
Blackmore & Fraser, 2007).

All principles for integrating RBL into curriculum presented in Table 5.1 may be
tailored with regard to the subject domain, student’s expertise, and context of the
institution. Still, they provide various options for effective curriculum design
involving RBL (Clark, 1997).
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5.2.2 Typology of RBL

RBL can be integrated into the curriculum in various ways. A typology of RBL
identifies three major types (Ludwig, 2011): (1) research interest, (2) research pro-
cess, and (3) research community (see Fig. 5.2). The first type of RBL focuses on
research interest combining research interests and learning interests of students in
order to identify research questions. Accordingly, students receive scaffolds for
critically reflecting on their individual learning progression and learning interests
(Ifenthaler, 2012b; Ifenthaler & Lehmann, 2012). The curriculum will be guided by
the interest of students that is reflected in their research and learning interests. The
second type of RBL focuses on the research process by expanding the research and
learning interests to the planning and realisation of research projects. The third type
of RBL is the most comprehensive by emphasising the research community.
It includes not only the research interests, research problems, and research process,
but rather it includes the scientific community into the research process. This may
include philosophy of science, research methodologies, and individual research
identity. Hence, the students are encouraged to build their own research identity
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and getting actively involved in the scientific network. This may lead to a critical
reflection of the scientific fundamentals and acceptance of scientific responsibility
(Huber, 2009).

5.3 Realising Research-Based Learning

This section explores a curriculum where a new approach to RBL was implemented
in an undergraduate statistics module focussing on descriptive and inferential statis-
tics. The implemented curriculum is based on the RBL approach (Baldwin, 2005;
Blackmore & Fraser, 2007; Clark, 1997; Healey, 2005), however, it has been
adapted to meet particular institutional needs and available technologies.

5.3.1 Setting

Descriptive and inferential statistics are relevant to students in educational science
and is increasingly taught as part of the educational curriculum. However, courses
focussing on statistics and mathematics are often disliked, and students tend to
underperform in such courses compared to other courses (Freeman, Collier,
Staniforth, & Smith, 2008; Windish, Huot, & Green, 2007). Additionally, students
often do not see the link between the application of statistical procedures and their
primary study interest which is the driver for enrolling in a university programme
(Kossack & Ludwig, 2010).

The curriculum “Introduction to Quantitative Research Methods” including
descriptive and inferential statistics at the University of Freiburg is taught over two
semesters for undergraduate students enrolled in instructional design, educational
science, and teacher education. Prior to implementing the RBL approach, the course
was taught as a traditional 2-h lecture followed by a 2-h tutorial each week. The
cohort was comprised of approximately 80—100 students with the majority studying
in the instructional design programme. The lectures were delivered by a lecturer,
and tutorial classes (comprising approximately 30 students each) were delivered by
teaching assistants. Prior to the RBL approach, tutorials focussed on review of the
lecture and preparation of the final exam. Table 5.2 shows the two-semester curricu-
lum including lecture and tutorial topics.

Overall, evaluation of the lectures and tutorials showed that students complained
about redundant content delivered in lectures and tutorials. Additionally, students
were not able to apply the statistical procedures in their future studies. This was
evident when students were asked to design a research study for their thesis. Still,
they were trained well in calculating statistical procedures; however, the transfer to
their own research projects and interpreting empirical studies reported in journal
publications were insufficient. Therefore, the curriculum was redesigned and imple-
mented in 2008 by applying a RBL approach by the first author of this chapter.
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Table 5.2 Curriculum “introduction to quantitative research methods” before RBL approach

Semester

and week Lecture topic Tutorial topic

1.01 Empirical educational research Research database introduction
1.02 Construction of questionnaires part 1 Review of questionnaires
1.03 Construction of questionnaires part 2 Review of questionnaires
1.04 Frequencies part 1 Exercise

1.05 Frequencies part 2 Exercise

1.06 Types of average: mode, median, mean part 1 Exercise

1.07 Types of average: mode, median, mean part 2 Exercise

1.08 Measures of dispersion part 1 Exercise

1.09 Measures of dispersion part 2 Exercise

1.10 Contingency table part 1 Exercise

1.11 Contingency table part 2 Exercise

1.12 Correlations part 1 Exercise

1.13 Correlations part 2 Exercise

1.14 Mock exam Written exam preparation
1.15 Written exam -

1.16 Wrap-up session -

2.01 Empirical educational research Statistics software introduction
2.02 Hypotheses Exercise

2.03 Chi-square test Exercise

2.04 t-Test Exercise

2.05 Analysis of variance Exercise

2.06 Correlations part 1 Exercise

2.07 Correlations part 2 Exercise

2.08 Linear regression part 1 Exercise

2.09 Linear regression part 2 Exercise

2.10 Logics of statistical testing Exercise

2.11 Objectivity Exercise

2.12 Reliability Exercise

2.13 Validity Exercise

2.14 Mock exam Written exam preparation
2.15 Written exam -

2.16 Wrap-up session -

5.3.2 RBL Curriculum Design and Realisation

In the light of the theoretical assumptions of RBL and results of previous course
evaluations, the curriculum “Introduction to Quantitative Research Methods” was
redesigned and implemented at the University of Freiburg in 2008. However, the
increasing student numbers and limited capacity of teaching staff did not allow for
dividing the student cohort of approximately 80—100 students into smaller groups.
Accordingly, the lecture was kept as a central part of the curriculum. Figure 5.3
illustrates the constituents of the curriculum.
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Fig. 5.3 Constituents of the RBL curriculum

The weekly 2-h lecture introduced a new topic each week of the semester and
addressed open questions posted in the learning management system (LMS;
Moodle) and issues raised in the tutorials and research project. Additionally, the
lecture informed students about the laboratory experiment and the research project.
Every 20 min, a student activity was included in the lecture in order to increase
student engagement (Rocca, 2010). These activities were in line with the principles
of RBL outlined in Table 5.1, e.g. formulation of research questions and hypothe-
ses, reflection of applied research methods, comparison of historical research out-
comes or calculation of statistical procedures. Results of these activities were
discussed in student groups or reported and discussed further in the tutorials and the
course LMS. Table 5.3 shows the lecture topics of the redesigned curriculum.

The weekly 2-h tutorials (comprising maximum 12 students each) were delivered
by teaching assistants. The tutorials were held in the university’s SMARTroom, i.e. a
computer laboratory with high-level hard- and software technology (Blumschein,
Ifenthaler, & Pirnay-Dummer, 2007). Open questions from the lecture were addressed,
and additional reading materials were reflected in the tutorials. Additionally, statisti-
cal software applications were introduced, e.g. SPSS and r Statistics. Each tutorial
offered students the opportunity to develop their expertise in areas of particular inter-
est—so-called expertise areas. These expertise areas are reflected in the steps of the
research process cycle (see Fig. 5.4). Accordingly, in each tutorial, at least three stu-
dents developed their expertise in theory building and hypotheses formulation, three
students focussed on research methodology, three students concentrated on data
analysis, and three students focussed on reporting of research projects. The student
experts took over a specific lead role in the research project.
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Table 5.3 Curriculum “introduction to quantitative research methods” with RBL approach

Semester Research project
and week  Lecture topic Tutorial topic focus
1.01 Philosophy of science Research culture at Theoretical
university foundation
1.02 Logics of educational Values of scientific Theoretical
research research foundation
1.03 Quantitative and qualitative ~ Research management Research
research methodology
1.04 Operationalisation Construction of Research
questionnaires methodology
1.05 Research project reflection Research project reflection Research
methodology
1.06 Measurement and scaling Construction of Data collection
questionnaires
1.07 Frequencies Using SPSS and r Statistics ~ Data collection
1.08 Types of average Using SPSS and r Statistics ~ Data collection
1.09 Measures of dispersion Using SPSS and r Statistics ~ Data analysis
1.10 Contingency tables Using SPSS and r Statistics ~ Data analysis
1.11 Correlation analysis Using SPSS and r Statistics ~ Data analysis
1.12 Research project reflection Research project reflection Data analysis
1.13 Research quality criteria APA guidelines Research publication
1.14 Mock exam Written exam preparation -
1.15 Written exam - -
1.16 Research project poster - Research publication
session
2.01 Logics of inferential Research culture at Theoretical
statistics university foundation
2.02 Probability Ethics of scientific research ~ Theoretical
foundation
2.03 Distributions Experiments and Research
quasi-experiments methodology
2.04 Parametric and non- Research quality criteria Research
parametric statistics methodology
2.05 Research project reflection Research project reflection Research
methodology
2.06 Chi-square test Application of research Data collection
instruments
2.07 Paired samples r-test Using SPSS and r Statistics ~ Data collection
2.08 Independent #-test Using SPSS and r Statistics ~ Data collection
2.09 Analysis of variance Using SPSS and r Statistics ~ Data analysis
2.10 Post hoc analysis Using SPSS and r Statistics ~ Data analysis
2.11 Effect size Using SPSS and r Statistics ~ Data analysis
2.12 Research project reflection Research project reflection Data analysis
2.13 Regression analysis APA guidelines Research publication
2.14 Mock exam Written exam preparation -
2.15 Written exam - -
2.16 Research project poster - Research publication

session
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The research project was the driver of the overall course and was sequenced in
order to follow the research process cycle (see Fig. 5.4). The lecturer introduced a
current research problem (e.g. teacher’s perception of school development) at the
beginning of each semester, and students were asked to form small research groups
(approximately four students per group). After a self-guided in-depth literature
review, students were asked to identify research problems within the larger context
of the research project (e.g. what factors hinder teachers from active participation in
school development?). In a next step, students developed the research methodology
including instruments and procedures. Depending on the status of the overall
research project, instruments were provided by the lecturer or were developed as
pilot instruments by the students. The lecturer and teaching assistants helped in
organising the sample for the data collection (e.g., necessary permissions, make
contact to stakeholders, provide infrastrucure). The data analysis was performed
within groups in the tutorials, while problems and outcomes were addressed in the
lectures to enable students to develop a broader understanding of the issues emerg-
ing across all the projects. As a final outcome of the course, students produced a
research project report following scientific guidelines, e.g. APA (American
Psychological Association, 2010).
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The laboratory experiments introduced students to experimental research
through active participation. Accordingly, students participated in a laboratory
experiment during the initial weeks of the semester. Later, students were introduced
to the research questions, hypotheses, design, materials, and procedure of the
laboratory experiment. Hence, a critical reflection of the research was possible from
different perspectives (participant and researcher).

Table 5.3 shows the redesigned two-semester curriculum including lecture and
tutorial topics as well as research-based project activities. Web 2.0 technology was
omnipresent in the overall curriculum design, e.g. LMS, discussion boards, file
sharing, and groupware.

5.3.3 Course Evaluation

Over eight semesters, a total of 487 students enrolled in the course. Students were
predominantly female (383 females, 104 males). 291 students (215 females, 76
males) volunteered to participate in the course evaluations. Their average age was
21.52 years (SD=3.49).

The Heidelberg Inventory for Course Evaluation (HILVE), a standardised ques-
tionnaire for the evaluation of courses, was administered at the end of each semester
(Rindermann & Amelang, 1994). Overall, HILVE is a widely used instrument for
course evaluation in German-speaking countries including high reliability, with
Cronbach’s alpha ranging from r=0.74 to r=0.88 (Rindermann & Amelang, 1994).
Twelve items focussing on interest and learning in the course were answered on a
four-point Likert scale (O=totally disagree, 1 =disagree, 2=agree, 3=totally agree).
The results of the subscales interest and learning are reported in this chapter.
Additionally, the student performance was measured by the result of the written exam
of each course. The analysis includes two courses before the redesign of the curricu-
lum (DS 2007, IS 2008) and six courses with the redesigned curriculum including the
RBL approach (DS 2008, IS 2009, DS 2009, IS 2010, DS 2010, IS 2011).

Student assessment was based on a written exam at the end of the semester and
on a research project report. The written exam and research project report results
(German grades, i.e. 5=fail, 4=sufficient, 3 =satisfactory, 2=good, 1 =very good)
indicate that the grades significantly changed over the eight semesters, y(7)=135.92,
p<0.001. Figure 5.5 shows the progression of grades indicating that students per-
formed significantly better in the redesigned curriculum. Interestingly, students also
performed significantly better in their second course, i.e. the inferential statistics
course (see Table 5.4).

Consistent with the improvements in the grades, students evaluated their learn-
ing and their interest in the course significantly higher after the redesign (see
Fig. 5.6). Accordingly, students believed they learned more in courses with the RBL
approach. Additionally, students reported a higher interest in courses with the
RBL approach.
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5.4 Discussion

Requirements of a curriculum do of course need to correspond to the skill level of
the learners (Pirnay-Dummer, Ifenthaler, & Seel, 2012) as their prior knowledge
and experience will influence both their level of engagement and the outcomes
attained. We know that as learners develop over time they are better able to interpret
and organise the knowledge, make use of more complex strategies, contemplate a
wider range of alternatives, and make better use of metacognitive skills (Ericsson &
Lehmann, 1996; Ericsson & Smith, 1991; Ifenthaler, 2012b; Ifenthaler & Lehmann,
2012). Hence, a novice learner with low levels of knowledge and skills may just find
out about some dependencies of the subject domain and come to an initial under-
standing of the overall complexity. A more experienced learner may be able to gain
some theory-driven insight into parts of the subject domain, while a very well-
trained expert may gain a system-analytical understanding of the subject domain
using the available theories (Ifenthaler & Seel, 2011; Pirnay-Dummer et al., 2012).

To evaluate the success of students and set the expectations right from the begin-
ning of the curriculum with differently skilled learners, the following general
framework helps to identify levels of complexity (Pirnay-Dummer et al., 2012, p.
83; see Fig. 5.7).

Accordingly, when designing curriculum including the RBL approach, the stu-
dent’s prior knowledge and skills need to be taken into account. Students might only
be able to paraphrase a specific research project. More advanced students might be
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Fig. 5.7 Framework identifying levels of complexity
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able to identify monocausal relations, e.g. learner motivation is linked to learner
performance. At a next level, students reflect and are able to create pro-con lists or
analysis of strengths and weaknesses. On the level of theory-based classifications,
students are able to use their theoretical knowledge to create typical research. The
theoretically grounded analysis improves on this level by turning the reasoning
around: Instead of looking for fitting theories from the perspective of the research
project, theories are consulted that explain in themselves what may be found in the
research project. The next level combines the use of theories on a multivariate level.
It involves understanding on the multiplicity of interactions between different parts
of the research project. The last assessable level is a system understanding which
includes the prior levels and adds an understanding about effects, delays of effects,
cycles, and other between- or within-construct changes. Even experts do not always
reach or need this level of understanding (Pirnay-Dummer et al., 2012).

Designing and creating successful curricula that scaffold the progression of stu-
dents from novices to experts in a particular domain is not an easy task. Certainly
this cannot be achieved in one semester with one unit of study as this can take up to
10 years of cumulative learning (Ericsson & Lehmann, 1996; Ericsson & Smith,
1991) A whole of programme approach is suggested to ensure students gain the
necessary building blocks at the base of the learning pyramid to enable them to
progress to higher levels of learning (Fig. 5.7).

One model that holds promise for guiding the progression towards expertise is
the MAPLET Framework (Gosper, 2011; Ifenthaler & Gosper, under review). It is
based on a three-phased approach to intellectual skill acquisition whereby the first
phase is focussed on the development of foundational knowledge and skills. The
second extends and refines knowledge and understanding through the development
of increasingly complex schemas comprised of conceptual procedural and organisa-
tional knowledge. The final phase focuses on developing speed, accuracy, and trans-
ferability. Limited space precludes a detailed discussion of the phases; however, it
should be noted that progression through the phases reflects the cognitive hierar-
chies typically represented by taxonomies of learning outcomes Bloom’s Revised
Taxonomy (Anderson et al., 2001) and the SOLO Taxonomy (Biggs, 2003).
Furthermore the framework encapsulates the three principles identified by
Bransford, Brown, and Cocking (2000) which are fundamental to placing students
on a pathway towards expertise, namely, the learner through their prior knowledge
and experience has the power to shape the learning that takes place; achieving com-
petence involves the development of foundational knowledge, conceptual frame-
works, and organisational structures that facilitate retrieval, application, and
transfer; and metacognitive skills are necessary to enable the learner to define goals
and monitor progress towards their achievement. If we are to produce graduates
with critical and creative capability, then a careful mapping of the curriculum using
tools such as MAPLET can assist in ensuring the necessary structures, and supports
are in place to achieve this.

Web-based systems designed to optimise curricula are cropping up everywhere.
The rapid pace of these technological developments makes it nearly impossible to
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integrate them into comprehensive systems (Ifenthaler, 2012a). Therefore, so-called
personal learning systems (PLS) are being designed to enable students to select
various Web applications individually to meet specific learning goals (Ifenthaler,
2010; Seel & Ifenthaler, 2009). The requirements and features for designing PLS
for RBL and teaching are:

Portal: Rather than an isolated island, a PLS is an open portal to the Internet which
is connected with various applications and collects and structures information
from other sources. The content can be created by both learners and teachers/
researchers using simple authoring tools.

Potential for integration: Information is offered in standard formats which learners
can subscribe to and synchronise with their desktop applications. In this way, the
learning environment is integrated into the user’s daily working environment and
connected to it.

Neutrality of tools: Tasks in the RBL environment are designed in such a way that
the learners themselves can choose which application they wish to use to work
on them. The portal can make recommendations and provide support. The media
competence acquired in this manner can also be useful in research and everyday
life.

Symbiosis: Instead of creating new spaces, a PLS uses existing resources. The portal
works with existing free social networks, wikis, blogs, etc.

All in all, PLS require increased personal responsibility, both from the learner
and from the researcher/teacher. At the same time, however, they offer more free-
dom for individual learning in RBL environments. Yet, no empirical studies are
available which account for the efficiency of PLS for RBL and teaching. Hence,
much research is needed in near future to investigate the strength and weaknesses of
these newly designed curricula.

5.5 Conclusion

The RBL approach presented in this study is one way of combining research, schol-
arship, teaching, and learning in a holistic way. It has taken into account the needs
and preference of the learner by enabling choice of projects and opportunities to
choose the research skills they wish to pursue in more depth. The staged introduc-
tion of research skills in tutorials takes account of the cognitive complexities inher-
ent in the research process. Importantly, the alignment of skill development with the
natural progression of the research project enables students to directly relate theory
to practice. Such an approach might help to leverage students’ learning experiences
in ways that will equip students with the capabilities that have been identified for
working twenty-first century. Still, empirical evidence is needed to support the suc-
cessfulness of curricula using the RBL approach.
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Chapter 6
Personalized Engineering Education
for the Twenty-First Century

Farrokh Mistree, Jitesh H. Panchal, Dirk Schaefer, Janet K. Allen,
Sammy Haroon, and Zahed Siddique

Abstract With increasing globalization and twenty-first-century trends such as
the personalization and commoditization of technology, individuals are required
to refresh and adapt their competencies continuously and keep their knowledge
current. The changing environment and the diverse learning needs of individuals
require a change in the existing paradigm of engineering education. What is needed
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is a more flexible, learner-centric paradigm that, among other things, instills in
individuals the habit of being self-directed lifelong learners. The proposed
approach to addressing the changing needs of engineering education is based on
mass customization. In this chapter, the development of this approach over the last
decade is traced. Other foundational principles in this approach include focusing on
competency-based learning rather than one-size-fits-all content delivery, shifting
the role of the instructors to orchestrators of learning, shifting the role of students to
active learners, shifting the focus from the lower cognitive levels of learning to the
upper levels, creating learning communities, embedding flexibility in courses,
leveraging diversity, making students aware of the learning process, scaffolding,
and enabling students to make decisions where all information may not be available.
In this chapter, an overview of the implementation of this approach in graduate-
level engineering design courses is presented for courses offered in three different
settings, (a) mass customization of content within a single course, (b) mass collabo-
ration of students in distributed settings, and (c) jointly offered cross-institutional
courses with distance learning students. The implementation details include techni-
cal themes for the different courses, the course architecture (activities and their
interdependencies), the assignments, learning modules, team formation, end-of-
semester deliverables, and self-assessment.

Keywords Personalized learning « Competency-based education * Mass custom-
ization * Design education * Learning organizations * Continuous learning ¢ Active
learning

6.1 Frame of Reference

The rapid progress of globalization has led to many unprecedented changes in the
world in which students are educated and in which graduates will practice
(Friedman, 2006). As Friedman puts it, “Globalization has collapsed time and
distance and raised the notion that someone anywhere on earth can do your job
more cheaply. Can Americans rise to the challenge on this leveled playing field?”
In 2004, the National Academy of Engineering published a report summarizing
visions of what the engineering profession might be like in the year 2020 (National
Academy of Engineering, 2004). A follow-up report (National Academy of
Engineering, 2005) on how to educate the engineer of 2020 was released a year
later. The key message gleaned is that engineering education must be adapted to
the challenges of globalization. Course and curriculum redesign must better
address and constructively align “what” is to be learned and “why” those target
outcomes are needed. Then, building on the “what” and “why”, it should present
clearly the “how” or strategies used to achieve them. We know that current engi-
neering students will be tomorrow’s engineering workforce and that they will
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have to face and address challenges and dilemmas that are very different from the
problems and tasks they were exposed to as students. The nature of those chal-
lenges will require them to take on open-ended ill-defined problems and unfore-
seen issues, understand system-level challenges, and respond to them with
innovations. If they have not experienced creative challenges that require innova-
tive responses in their engineering classes, they will not be prepared to do so in
their professional careers.

The “how” of developing this type of skills and expertise in analysis, evaluation,
and creative production for unforeseen needs requires authentic experience in tasks
that require students to exercise these skills. There are various ways to provide
practice in creative problem-solving and innovation. One way to provide this expe-
rience is experiential learning. If designed well, experiential learning not only
offers authentic opportunity but also supports self-determined motivation and regu-
lation. Further, it can be structured to enable adaptive interaction among those with
various types of expertise, sharing in a professional community, and experience
building both competence and community. This involves balancing structure and
autonomy, supporting both team and individual effort, and valuing error that leads
to deeper learning and skill refinement. Related to these outcomes is the power of
metacognition, reflection on task process and products, both during and after expe-
riences. Metacognition is directly linked to the process skills of analysis and evalu-
ation and, within a discipline, divides legitimately creative experts from those
whose skills are limited to doing the same thing, albeit doing it well, over and over
again (Ericsson, 2006).

Innovation and independent problem solving are marks of domain expertise
in applied fields (Feltovich, Prietula, & Ericsson, 2006). Experts have defined
innovation as, “A novel idea, put into practice that offers value to customers and/
or society” (Fisher, Biviji, & Nair, 2011). Innovation is supported by both cogni-
tive and affective/motivational factors which, in turn, are informed by learning
theory and research (Ericsson, Charness, Feltovich, & Hoffman, 2009).
Cognitive characteristics to support expertise development and innovation
include depth of domain knowledge and skill, awareness of the situational fac-
tors that influence choices, and knowledge of adaptive task characteristics that
may transfer to the current challenge (Ericsson, 2006). Motivational and affec-
tive characteristics that support expertise development and innovation include
self-efficacy (Bandura, 1997), self-determination (Ryan & Deci, 2000), and
self-regulation (Zimmerman, 2006). Together they comprise an integrative
framework to investigate, understand, and promote innovation, learning to learn
and learning to create.

In this chapter, the longitudinal development of a graduate-level engineering
design course to encourage students to engage in higher levels of cognitive activities
including analysis, synthesis, and evaluation is presented (Bloom, 1956).
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6.2 Competencies and Meta-competencies
for Twenty-First-Century Engineers

There are two levels of competencies in any professional field: field-specific task
competencies and generalized skill sets or meta-competencies. The task-specific
competencies are benchmarks for graduates in a given field (Allan & Chisholm,
2008; Earnest & Hills, 2005). The general meta-competencies are skill sets that
enable graduates to function globally, e.g., working with others, producing complex
systems, meeting organizational demands, and transferring task-specific skills to
new challenges or tasks they have not encountered before (Radcliffe, 2005; Wulf &
Fisher, 2002; Wulf & Fisher, 2002).

The competencies and meta-competencies required of a successful engineer
today and tomorrow are different from those needed in earlier eras because the
nature of innovation is changing. The raw production of ideas alone is no longer
sufficient for accomplishing innovation. The problems that we are facing today are
global and complex, where engineers need to manage dilemmas among economic,
social, ecological, and intellectual capital (Ahmed, Xiao, Panchal, Allen, & Mistree,
2012; Bertus, Khosrojerdi, Panchal, Allen, & Mistree, 2012; Hawthorne, Sha,
Panchal, & Mistree, 2012). The competencies required by twenty-first century engi-
neers will have to support innovations that go beyond the current models which are
often limited to economic considerations. Innovators of the future will need to be
equipped with more than just skills in their specialties (Christensen & Raynor,
2003; Downey et al., 2006; Warnick, 2011).

In this chapter the focus is on the development of meta-competencies to support
innovation and collaboration, with the understanding that technical competencies
are prerequisite. A combined list of meta-competencies that need to be developed
by future engineers to support innovation has been compiled by various educators
and researchers (Allan & Chisholm, 2008; Radcliffe, 2005), and is the starting point
for the work proposed here. It is summarized in Table 6.1.

In the context of an innovation economy, critical thinking provides the founda-
tion for developing these competencies and meta-competencies. Levels of accom-
plishment of these competencies and meta-competencies are evaluated using
Bloom’s taxonomy of learning. While there are many other taxonomies of learn-
ing, Bloom’s taxonomy (Bloom, 1956) has been chosen as a framework within
which to orchestrate student’s learning, because, based on experience, engineering
students find it easy to understand. Bloom identified six levels of learning within
the cognitive domain; these six levels are (1) knowledge, (2) comprehension, (3)
application, (4) analysis, (5) synthesis, and (6) evaluation. They can be used to
define curriculum objectives prescribing the level that a student should attain. In
addition, Bloom’s taxonomy provides a powerful means to assess students’ perfor-
mance, justify associated grades, and provide students feedback as to how to
improve their performance. The focus of the course is to offer students the oppor-
tunity to learn skills related to the higher levels of Bloom’s taxonomy—analysis,
synthesis, and evaluation.



6 Personalized Engineering Education for the Twenty-First Century 95

Table 6.1 Meta-competencies required of twenty-first-century engineers that support innovation

Ability to manage information

* Ability to gather, interpret, validate, and use information

¢ Understand and use quantitative and qualitative information

e Discard useless information

Ability to manage thinking

* Identify and manage dilemmas associated with the realization of complex, sustainable,
societal-technological-economic systems

» Ability to think across disciplines

* Holistic thinking

* Conceptual thinking

* Think in a local and global context

* Ability to speculate and to identify research topics worthy of investigation

e Ability to use both divergent and convergent thinking

» Ability to engage in critical discussion

* Ability to identify opportunities for developing breakthrough products, services, or systems

* Ability to think strategically by using both theory and methods

Ability to manage collaboration

* Ability to manage the collaboration process in local and global setting

e Ability to create new knowledge collaboratively in a diverse team

* Competence in negotiation

* Teamwork competence

* Ability to manage learning

* Ability to identify the competencies and meta-competencies needed to create value in a
culturally diverse, distributed engineering world

* Ability to self-instruct and self-monitor

* Ability to interact with multiple modes of learning

Ability to manage attitude

* Ability to self-motivate

e Ability to cope with chaos

* Ability to identify and acknowledge mistakes and unproductive paths

» Ability to assess and manage risk taking

6.3 An Educational Approach to Support Innovation
in an Interconnected World

The approach to support innovation in an interconnected world is to create personal-
ized learning environments within classrooms where each individual can focus on
different competencies while working in a group. The concepts of mass customiza-
tion from the product design domain have been incorporated into the domain of
engineering education. In the product development domain, mass customization
refers to the ability fo customize products quickly for individual customers or for
niche markets at a cost, efficiency, and speed close to those of mass production, rely-
ing on limited forecasts and inventory (Pine, 1992). In a world in which change is
the order of the day, it no longer makes sense to offer a one-size-fits-all education
(Bransford, Brown, & Cocking, 1999; Gibbs, 1981; Halperin, 1994; Rugarcia,
Felder, Woods, & Stice, 2000). The competencies required in the workforce of the
near tomorrow vary significantly from one individual to another.
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Table 6.2 Differences between this approach and traditional approaches to engineering education

Traditional concepts in engineering
education Foundations of our approach

Instructors deliver course content  Shift from instructor to an orchestrator who creates
opportunities to learn

Students are passive learners Students are active learners, i.e., take charge of their own
learning
Learning goals are fixed by the Learning goals are defined by the students in collaboration
instructor with the orchestrator
Focus on lower levels of learning ~ Focus on higher levels of learning
Individual learning Learning communities
Rigid course structure Embed flexibility in the course including multiple
opportunities for learning from various experiences
Ignore diversity Leverage diversity
Learning process unclear to the Make students aware of the learning process and scaffold
students student learning

The emphasis is to encourage students to take charge of their education. Students
develop competencies by using a method which fosters “learning how to learn.” In
Table 6.2, the fundamental differences between the course discussed in this chapter
and traditional courses found in many engineering programs are shown.

6.3.1 Foundations of the Approach

In order to accomplish the changes discussed in Table 6.2, the foundational princi-
ples in our approach include shifting the role of the instructors to orchestrators of
learning, shifting the role of students to active learners, providing opportunities to
learn, creating learning communities, embedding flexibility in courses, leveraging
diversity, making students aware of the learning process, scaffolding, enabling stu-
dents to make decisions where all information may not be available, and shifting the
focus from the lower levels to the upper levels of learning as described by Bloom’s
taxonomy. Our techniques to scaffold the learning activities in a distributed class-
room are based on systems thinking, personal mastery, mental models, a shared
vision, and team learning (Hawthorne et al., 2012; Siddique, Panchal, Schaefer,
Allen, & Mistree, 2012):

Shift in the role of the instructor: Shifting the role of the instructor to become an
orchestrator of learning who creates opportunities for students to learn (both
individually and collectively).

Shift in the role of students: The students become active learners and play a
significant role in the learning process. They define their own learning goals
(in consultation with the orchestrators) and are responsible for directing their
efforts to achieve their goals. Students are also presented with a variety of
decision-making methods and tools, and students are given opportunities to
make decisions and evaluate the consequences.
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Shift the focus from the lower levels to the upper levels of learning: Traditionally,
the focus has been on the knowledge of core concepts and their application to
technical systems, namely, competencies. The focus here is on higher-level
learning such as the gaining the abilities to analyze, synthesize, and to
evaluate.

Embed flexibility in the course: Flexibility is embedded in the course by having
guest lectures on diverse topics, by asking the students to define their own goals,
and letting the students adapt various parts of the course to suit their learning
needs. This includes adding discussion sessions, self-study time, virtual collabo-
ration, providing the opportunity to create new knowledge with a collaborative
group project, reflective practice, and self- and peer evaluation.

Leverage diversity: One of the approaches for leveraging diversity is to share stu-
dents’ unique work with the rest of the class. This is achieved by identifying,
distributing, and discussing “best practice” submissions, those outstanding sub-
missions from other students which can be used as exemplars. This enables col-
lective learning; students learn from and about each other, get inspired and build
on the work of others to generate new knowledge.

Create learning communities: An underlying principle for achieving successful
mass customization in engineering education is “sharing to gain,” which is
achieved by fostering learning communities (Senge, 1990). The paradigm of a
learning organization has proven to be an effective mean of helping students to
understand how to develop learning communities. According to Senge (1990), a
learning organization is “an organization that facilitates the learning of all its
members and consciously transforms itself and its context.” A learning organiza-
tion exhibits five main characteristics: (1) systems thinking, (2) personal mas-
tery, (3) mental models, (4) a shared vision, and (5) team learning. The paradigm
of the learning organization (LO) was initially developed for companies, based
on the business models and practices of the 1990s. To extend the concept of
learning organization to educational settings, we analyze the original model of
the LO and augment it to better fit the learning needs of the students and the
characteristics of the globalized world.

Make students aware of the learning process: In this approach, the students are
made aware of the learning process so that they can understand the role of each
activity that they undertake and the relationship of these activities to their learn-
ing. Scaffolding is provided to help students achieve their individual and collec-
tive goals and help them understand more about the learning process. This
scaffolding is accomplished using the observe-reflect-articulate (ORA) construct
(Williams & Mistree, 2006). Observation involves absorbing information and
ideas from a variety of sources. Reflection involves using the background knowl-
edge and prior experiences to generate new ideas and connections. Finally, the
articulation step involves documenting observations and reflections and explain-
ing new conclusions and lessons learned. Through the use of this construct,
students become conscious of their learning and are empowered to provide
customization at their own level and further, the professors gain a better under-
standing of individual students
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Table 6.3 Constructs to facilitate development of meta-competencies identified in Table 6.1

Ability to manage information

e The observe-reflect-articulate paradigm is given to the students with a series of tools for
managing qualitative information and decision-making strategies

* A smorgasbord of information is available—the students must select that which is of value to
them. They are continually advised to focus on relevant information

Ability to manage thinking

* Concept generation techniques and strategies for evaluation are presented

» Early in the course, the focus is on understanding the current state of the literature. Students
are given an assignment on thoughtful reading and evaluation and are presented a discussion
on identifying a “gap” that may be filled by research

e Students are presented with the observe-reflect-articulate construct

* Multiple opportunities are presented for critical discussion during the lectures

* Ability to think strategically by using both theory and methods

Ability to manage collaboration

e As the teams are formed, students are invited to develop a team contract which acquaints all
members of the team with the individual strengths and desired learning outcomes

* Lectures are presented about the structure of learning organization

Ability to manage learning

* At the end of each lecture, students are asked to evaluate what they have learned as a result of
that lecture. Further they are asked for “learning essays.” In these learning essays, students
are asked to evaluate what they have learned and to compare this with their learning
objectives (Mistree, Panchal, & Schaefer, 2012)

Ability to manage attitude

e A great deal of information is presented relatively quickly to the students. Initially it seems
like chaos and students have to cope with it

Systems thinking is achieved by posing a high-level question for the students
which is to be addressed by scaffolding activities and assignments throughout the
semester. The question is the question for the semester (Q4S). Team learning and
shared vision are achieved through the process of collectively completing the
assignments and answering the Q4S.

In Table 6.3 a summary of the constructs used to help students learn how to
attain the meta-competencies presented in Table 6.1 is presented. In the following
section, a typical pattern of assignments used in implementing the course is given.
These assignments offer students the opportunity of working both individually and
in collaborative groups of different sizes, both face to face and in a distributed
environment.

6.3.2 Implementation of the Approach

Over the last decade, the generic architecture of the semester-long courses has
evolved. It is designed to provide personalized learning experiences in a group set-
ting. The key components of this architecture are as follows:
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Question for the semester is a common thread to tie the components of the course
together.

Assignment 0 helps students identify learning goals and meta-competencies.

Learning essays and feedback to provide both personalized guidance to individual
students and group feedback.

Best practices enable collective learning by providing exemplars of high-quality
student work.

Assignment AO-end of the semester (AO-EOS) for reflection and self-assessment.

The relationships between these components are discussed in the following sec-
tions and summarized in Table 6.3.

6.3.2.1 The Question for the Semester

The question for the semester is used to align the efforts of all the students while
providing enough flexibility to the students to explore the topics that are particularly
interesting to them. The question for the semester is presented during the first lec-
ture. Every student must answer this question individually by the end of the semes-
ter. In consultation with the orchestrators, the students are allowed to particularize
this question according to their personal semester goals.

6.3.2.2 Assignment 0

The first step is to let the students identify their personal goals for the semester. This
is achieved in Assignment 0, which is given during the first class. In this assign-
ment, the students’ task is to identify the goals that they want to achieve. These
goals specify the learning objectives and competencies that each student wants to
achieve during the semester. Competencies are achieved by integrative learning
experiences in which skills, abilities, and knowledge interact to form bundles that
have currency in relation to the task for which they are assembled (National
Postsecondary Education Cooperative, 2002). Learning objectives are generic skills
that students wish to accomplish and are expressed in terms of the six levels of
learning defined in Bloom’s taxonomy.

6.3.2.3 Learning Essays

Learning essays are weekly submissions in which the students usually review and
explore topics from the lectures in the context of their personal semester goals.
To guide the students, at the end of each lecture, specific guiding questions are
offered to help them to better relate the lecture content to the big picture of the
course. The students also have the freedom to choose other course-related themes
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for their learning essays. A core aspect of the learning essays is that the students
learn how to create new knowledge and enhance their critical thinking skills.
Furthermore students learn how to evaluate their work and document their progress
towards their personal goals from Assignment 0. The structure of a learning essay
involves observation-reflection-articulation.

The students are then requested to evaluate the value of the new knowledge
gained by considering the utility of this knowledge in attaining their individual
learning objectives in relation to the time invested. At the end of the semester, the
students reflect on their learning in the Semester Learning Essay. Here, the students
can show their progression in achieving their personal semester goals outlined in
Assignment 0.

6.3.2.4 Individual and Group Feedback

No grades are given until the end of the semester. Hence, the students concentrate
only on their progress towards achieving their personal semester goals. To ensure
that the students are and remain on the right track, the orchestrators facilitate self-
assessment and provide regular feedback to the individual and the group through
formative assessment of all submissions throughout the semester.

6.3.2.5 Project: Answering the Question for the Semester

The project is an avenue for collaborative learning experience; typically it is done in
groups of two to four students. All students answer the same question for the semes-
ter, although there is considerable flexibility and their answers may differ substan-
tially. In the project, the students are expected to validate a part of their answer to
the Q4S. Validation is an important aspect of the course because it helps students to
learn how to critically evaluate their proposed answer to the Q4S. This relates to the
highest level in the Bloom’s taxonomy and increases the depth of learning through
group learning and discussions.

Learning essays and assignments that have the potential to add value to the learn-
ing of others become “best practices” and are shared with the entire class. Often
“best practices” from former students of the course are also discussed in class or
presented on the course website. This aspect of the presented approach enables col-
lective learning; students learn from and about each other, get inspired and can build
on the work of others to develop new knowledge. A positive side effect is also an
additional incentive to become author of a “best practice” and the experience that an
individual’s work is taken seriously by others.

6.3.2.6 AO0-End of the Semester (A0-EOS) and Self-Grading

At the end of the semester, students are called on to evaluate what each individual
has learned—to what extent has each person achieved the competencies and the
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Table 6.4 Tools of mass customization used to implement this approach (Mistree et al., 2012)

Traditional challenges
in engineering

education Foundations of the approach Tools used in the course
Instructor delivers Shift from instructor to an Assignment 0, question for the
course content orchestrator who creates semester, learning essays,
opportunities to learn project
Students are passive Students are active learners, Assignment 0, question for the
learners i.e., take charge of their semester, learning essays,
own learning project
Learning goals are Learning goals are defined by the ~ Assignment O
fixed by the students in collaboration with
instructor the orchestrator
Focus on lower Focus on higher levels of learning Bloom’s taxonomy
levels of learning
Individual learning Learning communities Learning organizations
Rigid course Embed flexibility in the course Assignment 0, core and optional
structure modules, ability to adapt the
learning tools
Ignore diversity Leverage diversity Best practices, collective learning
Learning process Making students aware of the Observe-reflect-articulate construct
unclear to students learning process Question for the semester (Q4S)

associated learning objectives proposed in A0 and refined through the semester. The
students revisit their submissions, reflect on the feedback and take stock of how
much each of the learning activities throughout the semester have actually helped
them to meet the corresponding learning objectives. To what level of Bloom’s tax-
onomy have they managed to climb and to what degree have they learned how to
learn? In addition to revisiting the questions of A0, the students are called on to
reflect on their learning process. Based upon this self-reflection, the students are
asked to propose a grading scheme for evaluating their own work as well as that of
their peers. This includes developing a comprehensive assessment rubric showing
the categories of work to be assessed along with justifications for the various degrees
of achievement, as well as the articulation of the specific grades they believe they
have earned.

A summary of the way the tools of mass customization are used to implement
our approach is presented in Table 6.4.

6.4 Implementation of the Approach in Different Settings

During the past decade, these foundations and techniques have been used in a
number of graduate-level engineering design courses (Mistree et al., 2012; Schaefer,
Panchal, Thames, Haroon, & Mistree, 2012; Williams & Mistree, 2000); typically
these courses were taught to 10-25 graduate engineering students. Although most
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students were students of mechanical engineering, also biomedical engineers, busi-
ness majors, and civil engineers have found this a useful course. In this section an
overview of the implementation of the course in three settings is presented: (a) mass
customization of content within a single course, (b) mass collaboration of students
in distributed settings, and (c) courses jointly offered across universities with dis-
tance learning students. ME6102: Designing Open Engineering Systems was offered
at Georgia Institute of Technology and is an example of mass customization of
content within a single course. This course is further described by Williams and
Mistree (2006). This course provides a baseline model on which to explore the use
of technology in collaborative design.

While answering the question for the semester, the students work in a mass-
collaborative manner which gives them the opportunity to create new knowledge by
combining the diverse knowledge from the personalized section of the course. The
key for providing personalized learning experience in a group setting is an intensive
two-way communication between students and the orchestrators and also among
students.

6.4.1 Technology Enhances Mass Collaboration of Students
in Distributed Settings

The approach has been extended using emerging methods for collaboration.
In Rippel, Schaefer, Mistree, and Panchal (2009), an implementation of the approach
to create a mass-collaborative learning environment between students within the
classroom and distance learning students through the use of Web 2.0 technologies is
presented. Web 2.0 presents a significant potential to support the mass customiza-
tion paradigm of education. It offers users and providers a platform to gather, share,
and enrich knowledge. It promotes the transformation of learning experiences into
personally usable, practical knowledge and helps learners to present results of this
transformation to others. Web 2.0 applications support the ubiquity of communica-
tion and knowledge production, qualities that are essential for globally distributed
education for the twenty-first century (Harkins & Moravec, 2008). Well-known
examples of Web 2.0 technologies that can be used to generate and distribute knowl-
edge include wikis, repositories, blogs, social networking tools, shared workspaces,
and podcasts.

This approach is presented in the context of a graduate-level course ME 6102—
Designing Open Engineering Systems offered by the authors at Georgia Institute of
Technology in 2008. ME6102 was taken by students at different Georgia Tech
campuses—Atlanta, Savannah, and Lorraine (France)— and also by distance learn-
ing students who were located all over the world. The course was orchestrated by a
team of two faculty members, one located in Atlanta and the other faculty member
in Savannah. Each lecture was given by one of the faculty members—either in
Atlanta or Savannah. To reach all students, synchronous and asynchronous
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education techniques were incorporated. Atlanta- and Savannah-based students
attended the in-class lectures via videoconferencing; if the lecture was given in
Atlanta, the students in Savannah connected through a videoconference technology
and vice versa. The lectures were recorded and uploaded to an online content man-
agement system so that all students could access them online at any time. Besides
in-class interactions, the students were encouraged to communicate with the course
orchestrators via e-mail, telephone, videoconference, or on an online forum on the
course website which also enabled communication analogous to social networking
websites such as Facebook and LinkedIn.

The question for the semester assigned to the students in spring semester
2008 was:

Imagine that you are operating a product creation enterprise in the era of Globalization 3.0
(Friedman, 2006). Your task is to define your company and develop a business plan. This
includes answering the following key questions:

* How do you envision the world of 2020 in such an environment?

* How do you see yourself and your company operating in this world of 2020? Please take into
account your engineering expertise and your passions.

e What are the competencies that you would require to be successful in such an environment?
Please identify the drivers and metrics for success.

* What would your strategy for product development be in the world of 2020? What kind of
products/processes do you plan to offer? How would you structure your design and manufac-
turing process? What kind of collaborations with other companies do you envision? What
kind of supply chains do you envision your company to be involved in? How would you
utilize the intellectual capital available throughout the world?

e What would the IT framework for collaborative product realization in 2020 look like?

e What kind of a product realization method is necessary for your world of 2020? Please
provide phases and steps.

The answer to the Q4S was developed collaboratively by all students by combin-
ing and refining their individual answers. Without a collaborative part, earlier
efforts on infusing mass customization in courses such as the one presented in
(Williams & Mistree, 2006) resulted in a set of diverse work from the students. A
wiki-style homepage was provided for the students to work together on the collab-
orative answer to the Q4S. All were encouraged to contribute with their individual
competencies and knowledge to generate a detailed and comprehensive answer to
the Q4S. In this exercise, the students had the opportunity to learn several things.
First, they learned from each other’s knowledge. Second, they learned with each
other by collaborating on the overall fit and consistency of the document. Third,
they learned about mass collaboration; they have the chance to experience the
opportunities and the challenges of mass collaboration. Although students have the
possibility to learn from the work of others, they are responsible for their own learn-
ing and contribution.

Students also worked on their personal semester goals and concentrated on dif-
ferent topics. However, the integration of diverse expertise was missing. The diver-
sity of the knowledge created in the customized part of the course was not used for
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collective learning. In order to innovate and to create breakthrough designs, future
engineers must take one further step and analyze a variety of results in order to
synthesize them and thus derive new knowledge.

The implementation was further updated in 2009 by asking the students to
identify and analyze existing Web 2.0 technologies with regard to their appropri-
ateness for professional mass-collaborative work. In an assignment, the students
were to look into mass collaboration for product development. This included an
analysis with regard to the following phases: (1) idea generation, (2) idea screen-
ing, (3) concept development and testing, (4) business analysis, (5) beta testing
and market testing, (6) technical implementation, and (7) commercialization. The
students were asked to think about using mass collaboration in virtual product
realization environments and the utilization of simulation-based design and they
were also asked to collaboratively write a complete book in which each chapter
was dedicated to one of the assignments. The difficult task here was to tie every-
thing together to create a coherent train of thought. Technological advances in the
future could focus on tools that help collaborators develop a single coherent prod-
uct built on extensive diverse input.

6.4.2 Courses Jointly Offered Across Universities
with Distance Learning Students

During fall 2011, the preceding methods were used in a graduate-level course jointly
offered at the University of Oklahoma, Norman, and Washington State University,
Pullman. The details of the course, AMES740 Designing for Open Innovation/
MES5O03 Systems Design Approaches for Sustainability, are presented by Hawthorne
and coauthors (Hawthorne et al., 2012; Siddique et al., 2012). The Q4S was a two-
part question and was stated as follows:

Bridging fuels: What are the technology, policy, and communication dilemmas associated with
utilizing natural gas as bridging fuel for the next 25 years, while minimizing the adverse
impact on quality of life?

Policies for distributed generation technologies: What are the technology, policy, and communi-
cation dilemmas associated with implementing the feed-in-tariff (FIT) policy while maximiz-
ing the adoption of distributed generation technologies? (Couture, Cory, Kreycik, &
Williams, 2010)

6.4.2.1 Scaffolding the Team Using Individual, Group,
and Team Assignments

The uniqueness of this course was the collaborative structure in which students
worked in group settings in order to answer the Q4S. This class contained four
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assignments in addition to the Assignment 0. These assignments built on one
another and integrated the collective approach of this course. Each assignment had
an element that was designed to help answer the question for the semester. Although
Assignment 0 and Assignment 1 were completed individually, these assignments
ensured that students had determined what competencies and learning objectives
they wished to develop individually. Assignment 2 introduced the concept of col-
laborative learning by having students form groups within each university to com-
plete this assignment. Assignment 3 was unique because it started as an individual
assignment and then had students combine this assignment in their university groups
which were already formed. Based on the submissions of this combined work,
groups were paired with groups from the opposing university. Each AMES5740/
ME503 team then had the task of combining the two groups’ assignments before
submission. After submitting Assignment 3, the AMES5740/MES503 teams were to
work collaboratively on Assignment 4. This allowed each member to give their
input directly as opposed to the scaffolding technique introduced in Assignment 3.
To ensure that each member of the group contributed equally, group contracts were
introduced. The assignments were as follows:

Assignment 0—Self-evaluation: The first step was to let the students identify their
personal goals for the semester, as discussed in Sect. 6.3.2.

Assignment 1—Define the world of 2030 through deep reading, ORA, and critical
thinking: This assignment was completed individually. In this assignment, the stu-
dents were asked to deep read and critically evaluate two articles from Friedman
(2005, 2008). Some of the questions that the students were asked to answer after
reading the articles were the following: (1) What are the key issues facing the world
of 2030 as highlighted by the author? (2) How are these issues related to the three
aspects of sustainability (social, economic, and environmental)? (3) What are the
interdependencies between the issues identified by the author? and (4) What are the
relationships between globalization and the issues identified above? The students
were also asked to take a first step towards identifying the dilemmas associated with
energy policy. The expected outcomes of this assignment were (1) having the stu-
dents focus on a vision for the engineering world of 2030 and (2) having them focus
on a vision of the energy infrastructure in the world of 2030 and (3) refined student
competencies and learning objectives in the context of the world of 2030.

Assignment 2—Collaborative and collective learning: This assignment was com-
pleted collaboratively within the students’ own universities and had two primary
objectives: The first objective was to experience using a virtual environment to col-
laborate in a globalized mass-collaborative environment. The second objective was
to gain an understanding of the efficacy and limitations inherent in Senge’s learning
organization, Sect. 6.3.1. As a part of the team vision, the students are asked to
identify (1) the goals they would like to achieve as a team, (2) the tasks that the team
needs to carry out, and (3) the assignment of responsibilities for completing the
tasks. At the end of this assignment, the students develop a team contract that out-
lines the tasks, responsibilities, and overall team outcomes.
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Assignment 3—Dilemmas in energy policy design: This assignment had three parts:
First, the assignment was completed individually. Second, the assignment was com-
piled together in groups formed within each university. Lastly, the assignment was
compiled collaboratively from groups at both universities. The objective in this assign-
ment was to understand how to analyze the impacts of different energy policies from
a sustainability standpoint (engineering, environmental, economic, and social objec-
tives). The outcomes of this assignment included the following: (1) an understating of
the different types of policy tools used for increasing the adoption of renewable energy
technologies; (2) an appreciation of the scope, benefits, and challenges associated
with designing energy policy; and (3) an understanding of the dilemmas associated
with the analysis of FIT policy and energy policy in general. This assignment also
helped the students understand the benefits and disadvantages of collaboration.

Assignment 4—Dilemmas in bridging fuels: This assignment was completed col-
laboratively with groups from both universities. The objective was to understand
how to determine the suitability of bridging fuels from a sustainability standpoint
(engineering, environmental, economic, and social objectives). The outcomes of
this assignment included (1) an understating of the requirements and dilemmas
associated with the choice of the bridging fuels and (2) an understanding of the suit-
ability of natural gas and/or other fuels as sustainable bridging fuels.

6.4.2.2 End-of-Semester Deliverables

At the end of the semester there were three deliverables that each student had to
submit to the instructors. These included the answer to the Q4S and the Assignment
0-End of Semester (EOS).

Answer to the Question for the Semester: Assignments 3 and 4 were completed col-
lectively with AMES740/MES03 teams. The compilation of these two assignments
was used to answer the Q4S. This required AMES5740/MES503 teams to work
together one last time in order to combine these documents and make a final sub-
mission of their work.

Assignment 0-End of Semester (EOS): At the end of the semester, the students were
required to revisit their submissions, reflect on the feedback provided, and take stock
of how much each of the learning activities throughout the semester had actually
helped them to attain the desired competencies and meet the corresponding learning
objectives. To what level of Bloom’s taxonomy had they managed to climb and to
what degree have they learned how to learn? This process of reflective practice is pre-
sented to the students by means of AO-EOS, an extended end-of-semester version of
the original Assignment 0. A fragment of the AO-EOS is presented in Table 6.5.

Following the AO-EOS, the students reflected on their learning process, the qual-
ity of their contributions to the various assignments, the value gained with respect
to attaining their individual learning objectives and competencies, and the value
added to the learning organization. Finally, based upon this self-reflection, the stu-
dents were asked to grade themselves.
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