Reforming Learning



EDUCATION IN THE ASIA-PACIFIC REGION:
ISSUES, CONCERNS AND PROSPECTS

Volume 5

Series Editors-in-Chief:

Dr Rupert Maclean, UNESCO-UNEVOC International Centre for Education, Bonn; and
Ryo Watanabe, National Institute for Educational Policy Research (NIER) of Japan, Tokyo

Editorial Board

Robyn Baker, New Zealand Council for Educational Research, Wellington, New Zealand

Dr Boediono, National Office for Research and Development, Ministry of National Education,
Indonesia

Professor Yin Cheong Cheng, The Hong Kong Institute of Education, China

Dr Wendy Duncan, Asian Development Bank, Manila, Philippines

Professor John Keeves, Flinders University of South Australia, Adelaide, Australia

Dr Zhou Mansheng, National Centre for Educational Development Research, Ministry of Education,

Beijing, China

Professor Colin Power, Graduate School of Education, University of Queensland, Brisbane, Australia

Professor J. S. Rajput, National Council of Educational Research and Training, New Delhi, India

Professor Konai Helu Thaman, University of the South Pacific, Suva, Fiji

Advisory Board

Professor Mark Bray, UNESCO International Institute for Educational Planning (IIEP), Paris, France;
Dr Agnes Chang, National Institute of Education, Singapore; Dr Nguyen Huu Chau, National Institute
for Educational Sciences, Vietnam; Professor John Fien, RMIT University, Melbourne, Australia;
Professor Leticia Ho, University of the Philippines, Manila, Philippines; Dr Inoira Lilamaniu Ginige,
National Institute of Education, Sri Lanka; Professor Philip Hughes, Australian National University
(ANU), Canberra; Dr Inayatullah, Pakistan Association for Continuing and Adult Education, Karachi,
Pakistan; Dr Rung Kaewdang, Ministry of Education, Bangkok, Thailand; Dr Chong-Jae Lee, Korean
Educational Development Institute, Seoul, Korea; Dr Molly Lee, UNESCO Bangkok, Thailand; Naing
Yee Mar, UNESCO-UNEVOC International Centre, Bonn, Germany, Mausooma Jaleel, Maldives
College of Higher Education, Male, Maldives; Professor Geoff Masters, Australian Council for
Educational Research, Melbourne, Australia; Dr Victor Ordonez, Adjunct Senior Education Fellow,
East-West Center, University of Hawaii, Honolulu, USA; Dr Khamphay Sisavanh, National Research
Institute of Educational Sciences, Ministry of Education, Lao PDR; Dr Max Walsh, Secondary
Education Project, Manila, Philippines

For other titles published in this series, go to
www.springer.com/series/5888



Chi-Hung Ng ¢ Peter D. Renshaw
Editors

Reforming Learning

Concepts, Issues and Practice
in the Asia-Pacific Region

@ Springer



Editors
Chi-hung Ng
School of Education and
Professional Studies (Brisbane, Logan)

Peter D. Renshaw
School of Education
University of Queensland

Griffith University Brisbane

Mt. Gravatt, Queensland Australia
Australia

ISBN 978-1-4020-3002-4 e-ISBN 978-1-4020-3024-6

Library of Congress Control Number: 2008933952

© 2009 Springer Science + Business Media B.V.

No part of this work may be reproduced, stored in a retrieval system, or transmitted in any form or by any
means, electronic, mechanical, photocopying, microfilming, recording or otherwise, without written
permission from the Publisher, with the exception of any material supplied specifically for the purpose
of being entered and executed on a computer system, for exclusive use by the purchaser of the work.

Printed on acid-free paper

springer.com



Introduction

As an increasing number of countries move from the industrial age to the informa-
tion age, and in so doing seek to adjust to the demands of globalisation, the new
information and communications technologies and changing demands in both the
workplace and society, they are exploring ways of reforming their systems of edu-
cation and schooling to best prepare individuals, communities, and society at large
to accommodate such challenges.

As has been argued elsewhere,! there is no lack of attempts to reform educa-
tional systems to address such changes, including those in the workplace and
society. Some reform efforts, however, are based largely on improving existing
practice, on efficiency rather than effectiveness, and are aimed at modifying or
improving the existing paradigm, rather than coming up with a new paradigm.
Thus, for example, some curriculum reforms focus on how to improve the
sequencing of teaching specific subject-matter blocks, rather than on questioning
whether to teach that subject at all or replace it with new learning content.
Another example, this time concerning learning, refers to exploring how to
improve the testing of learners through improved paper-and-pencil tests, rather
than questioning the value and use of such testing in promoting learning, and
exploring the use of collaborative methods of assessment including doing away
with formal examinations and other more traditional ways of assessing learning.

The viewpoint of all the contributors to this book of readings is that the primary
focus in all education endeavours should be on learning and learners: how to best
facilitate learning, in the most effective, enjoyable, relevant and cost-effective
ways, whether the learners be children, youth or adults. The emphasis is on what
reforms are necessary if learning is to be enhanced.

It is not by chance that the emphasis in this volume is on the reform of learning,
rather than teaching. The reason is that the editors and contributors share the view
that the purpose of education is to facilitate learning, and so it is desirable (indeed
essential) to identify and implement innovations and best practices which promote,

! See, e.g., Ordonez and Maclean (2007) ‘Seeking a new education paradigm for learning and
teaching: Achieving education for sustainable development’, in Rupert Maclean (Ed.), Learning
and Teaching for the Twenty-First Century, Springer.



vi Introduction

and result in, improved learning. Although teachers are of central importance with
regard to reforming learning, the emphasis should nevertheless be on learners rather
than teachers.

The authors indicate that in order to be successful in reforming learning there is
a need to examine ways of reforming the numerous variables which influence the
effectiveness of learning and learners, such as teacher behaviour; assessment and
evaluation methods; teaching modalities and pedagogy; curriculum content in
terms of ‘what knowledge is of most worth’, and most effective ways of organising
the curriculum; and how existing and new information and communication tech-
nologies can be most effectively utilised to promote learning. It also requires a
consideration of a variety of ways of promoting learning including approaches
which stress group work and collaborative learning; greater flexibility in how learn-
ing is best promoted; and notions such as lifelong learning. In reforming learning
there is a need to reform the culture of teachers and teaching.

This volume mainly focuses on the reform of learning in the Asia-Pacific region,
with examples being drawn from a wide range of countries including the
Philippines, Australia, New Zealand, Singapore, China (including Hong Kong and
Macao), and Japan. Despite the emphasis on Asia-Pacific examples, the insights
presented are also relevant to many other countries, worldwide.
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Bonn, Germany
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Reforming Learning in the Asia-Pacific Region:
An Introduction

Chi-Hung Ng

Education in the Asia-Pacific region has undergone considerable reform in the past
decade. While such reforms can be discussed from various perspectives, in this
book we focus on learning as the core activity of educational institutions. Research
on learning in the region has expanded rapidly as countries have developed eco-
nomically and have sought to participate more fully in the globalising market for
knowledge-workers. Politicians, business executives, community leaders, as well as
peak academic and professional bodies have positioned learning as a key to the
future prosperity of the region and as vital for sustaining social harmony within and
between the nations of the region (Renshaw, 2002). Engagement in learning activities
is required to identify solutions to both the technical challenges of sustainability,
and to the challenges of developing social institutions that are inclusive and equi-
table for the diversity of peoples in this region. We need to learn — to survive, to
live together in diversity, and to provide a sense of hope for our children and for the
generations that follow.

Workplaces are increasingly represented as dynamic learning organisations
(Senge, 1990) with distinctive cultures and communities of practice (Wenger,
McDermott & Synder, 2002). Used in this context ‘learning’ conveys the sense that
organisations and employees should be flexible, adaptive, and capable of respond-
ing to rapidly changing environments. Employees need to be problem-solvers,
multi-skilled to enable them to work across portfolios, team players, and capable of
learning new skills and strategies as required. The anticipated length of employ-
ment in any organisation is possibly no longer than 5 years or so, before employees
can anticipate entering other learning organisations where new skills, knowledge,
and dispositions may need to be acquired (Abernathy, 1999). So adaptability and
capacities for ongoing learning are essential. James Gee (2000) captured this sense
of ongoing learning when he dubbed the generation of the new millennium the
‘portfolio generation’, because from early childhood everyone is expected to
engage in learning activities.

C.-H. Ng
School of Education and Professional Studies (Brisbane, Logan), Griffith University,
Mt. Gravatt, Queensland, Australia

C.-H. Ng, P.D. Renshaw (eds.), Reforming Learning, 3
© Springer Science +Business Media B.V. 2009
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Success as an employee or student used to be regarded as a function of fixed
personal qualities such as intelligence or acquired knowledge and skills. Now, suc-
cess is related to dynamic dispositions such as knowing how to learn, knowing how
to network with others including experts, and knowing where to seek out informa-
tion, appropriate it, and communicate it effectively to others. So what counts as
worthwhile learning is changing as the social and economic realities of our region
are transformed.

We suggest that learning is concerned both with acquiring technical expertise
and know-how, and developing capacities for making wise value judgements. To
promote learning per se, as an end in itself, is to promote any kind of change as a
valuable goal. Learning is as much about making individual and collective value
judgements and choosing between alternative futures, as it is about technical inno-
vation. By privileging some general notion of learning as a universal good, we
remove our responsibility to make judgements of what is worthwhile learning, and
the kind of future that it is worth ‘learning towards’. To research learning, therefore,
is to enter into critical reflection about what is being learned, by whom, in what
context, and for what purpose, and to reflect on who has the opportunity to learn
what. In this book, therefore, we are advocating a questioning approach to what is
worth learning for a sustainable and socially inclusive future for the region.

The history of research on learning in this region has been largely derivative in
the sense that it has been characterised by the adoption and application of North
American and European models of learning. This trend has been apparent in vari-
ous fields, including cognitive development, learning approaches and styles, learn-
ing environment, problem-solving, motivation, and metacognition (see Part 1,
Section 3: Learning and Human Development, in Keeves & Watanabe, 2003).
Renshaw and Power (2003) anticipated that educational researchers would draw
more from the rich cultural history of the region and develop local models of peda-
gogy and explore local wisdom and practices with regard to socialisation and edu-
cational processes. The chapters in this book can be taken as a collective effort by
researchers across different countries in the region to sustain this pattern of educa-
tional research in light of the current waves of reform. In examining different
reforms from a learning perspective, we can identify and clarify major concepts and
theoretical assumptions in these reforms, evaluate their possible impacts on the
actual learning and teaching processes, and highlight emerging indigenous theories
and models relevant to local educational systems.

In the wake of the 1997 financial crisis, various reformative measures have been
carried out in different countries within the Asia-Pacific region. In Thailand, a new
national educational bill was passed which promotes learner-centredness, lifelong
learning, decentralisation and autonomy in curriculum design. In Hong Kong, a
major overhaul of the whole education system has called for reforms in curriculum,
pedagogy, and assessment strategies. In Australia, the Queensland Education
Department launched the ‘New Basics’ reform based on new curriculum frame-
works, productive pedagogies and rich tasks. In Malaysia, the ‘Vision 2020 policy
promotes democraticisation, privatisation, and decentralisation of the educational
system (Lee, 1999). In Singapore, the ‘Thinking Nation’ reform promotes the
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development of creativity and critical thinking among their students. Aside from
these official reformative policies and plans, there were countless ‘unofficial
reforms’, initiated by reform-minded educators and teachers in their own class-
rooms. All these reformative efforts aim to restructure different aspects of school-
ing in order to promote learning and to prepare students to meet the diverse
challenges in the future. The expected and unexpected effects of these reformative
measures on students’ learning processes outcomes need to be understood.

Paralleling these reforms, a number of progressive theoretical perspectives have
also come into play in the current development of education in the Asia-Pacific
region. The new ‘-isms’ such as constructivism, post-structuralism, and multicul-
turalism, have posed new ideas, motives, and challenges for reforming teaching and
learning in different educational settings. They challenge traditional practices,
established arrangements, and deep-seated assumptions related to different aspects
of schooling and learning. In addition, the advancement of new technologies not
only provides new ways for learning but also changes how learning is conducted as
well as the relation between learners, teachers, and different means of learning.

Exploring educational reforms in the Asia-Pacific region from the perspective of
learning is challenging. It is challenging because the Asia-Pacific region is diverse.
It contains countries of diverse cultural, political, economic, and religious orienta-
tions. To effectively bring about reform, it is necessary to understand the diversity
and complexity present in different countries, and the history of their educational
systems (Keeves & Watanabe, 2003). In addition, the whole region is experiencing
ongoing transformation. Tensions and conflicts abound. Education, and in particu-
lar student learning within schools, is affected in a dynamic and complex manner
by these tensions and changes. For example, the intermittent political disputes
between China, Korea, and Japan over atrocities during the Second World War have
influenced the design of school curricula and in particular the content of history
textbooks in these countries. Major disastrous events such as the Bali bombing in
2002, and Asian Tsunami in 2004, have contributed to a sense of uncertainty and
demanded the development of policies that are proactive, preventive, and forward-
looking. The economic crisis in late 1990s galvanised political leaders and educa-
tional policy-makers to focus on reforming education.

Also, it is challenging because change is being driven by economic and techno-
logical transformations that lie outside the control of both the policy-makers and
the broader community of researchers, teachers, parents, and students. The rational
sequential model of policy suggests that reform policies and plans can be effec-
tively and efficiently implemented to actually change practice and improve out-
comes. What the current discussion on these reforms in the region has failed to
capture is what Ball (1990, p. 9) described as ‘messy realities of influence, pres-
sure, dogma, expediency, conflict, compromise, intransigence, resistance, error,
opposition and pragmatism in the policy process’. In a similar vein, due attention
has not been given to the ‘messy realities’ in daily learning and teaching activities
in school. An agenda for change has been introduced into the educational systems
in the region without a thorough examination as to whether local systems of learn-
ing and teaching at various levels, including national, district, school, classroom,
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and even individual levels, can accommodate or effectively deal with these calls for
changes. We suggest that policies for reform require a more participatory and nego-
tiated approach that involves dialogue among different stakeholders.

The precise genesis of these widespread educational reforms within the region
is closely related to factors such as globalisation, economic transformation, and
technology advancement. Scholars in the region have been conscientious in dis-
cussing how these macro-processes are related to education and concerted efforts
have been expended in documenting the structural changes related to these reforms
(e.g. Cheng, 1999; Cheng & Townsend, 2000; Mok & Welch, 2003; also see Vol.
10 No.1 of School Effectiveness and School Improvement). However, the discus-
sion of globalisation and its impacts on actual learning and teaching processes has
been limited. Our academic imaginations need to be stretched so that we can envi-
sion the link between the daily practice of learning and teaching in classrooms and
reforms such as school-system restructuring, new school-management schemes,
and new systemic goals for education. The authors in this book have taken up this
challenge and explored the link between reform and learning in their own educa-
tional sites. The data, findings, arguments, and discussions in the chapters in this
book collectively invite us to reconsider carefully these reforms and their dynamic
impacts on learning and teaching.

In the next section, we shall focus on discussing various major global forces
driving the current waves of reforms in the region. Our goal in this discussion is to
engage readers in a journey that charts the ‘unfamiliar’, ‘coarse’, and ‘emerging’
link between global forces of change and learning processes in local sites.
The discussion below is therefore bound to be exploratory. In writing this introductory
chapter, we hope to highlight the importance of understanding reforms from
a contextual perspective, emphasising the importance of affordances and con-
straints of local conditions and embedded sociocultural systems of practice.

1 Economic Trigger for Reform

Globalisation refers to the transfer, adaptation, and development of values,
knowledge, technology, and behavioural norms across countries, societies, and
different parts of the world (Water, 1995). There is a convergence of academic
views that globalisation is associated with knowledge-based economies, which
are characterised by networking, information, and innovation. In a knowledge-
based economy, workers are required to be adaptive, flexible, innovative, and
motivated to learn. The main challenge for education is the extent to which a par-
ticular educational system can produce graduates with new skills, knowledge, and
dispositions for the new economy. Such an economic or developmental concern
has been the common focus of educational reforms in countries such as Hong
Kong, Taiwan, Singapore, South Korea, Malaysia, and Australia in the region.
Reforming education in these Asia-Pacific countries is characterised by converg-
ing themes believed to be driven by the requirements of globalisation — promoting
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lifelong learning and education, improving qualities of learning, reorganising
curriculum into key learning areas, developing critical thinking skills, promoting
multiculturalism and global awareness/outlook, and raising level of teacher
professionalism. The excerpts below are some of the examples taken from major
policy statements in various countries in the region, which demonstrate the significant
impact of globalisation on educational reforms.

Schools will need to help students develop the skills and knowledge for the knowledge
economy, lay the foundations for lifelong learning, and ensure that students reach their
optimal potential. Initiative is a critical area of skill for the future (Queensland State
Education, 2001).

Education nurtures talents for the society and promotes its prosperity and progress. In an
ever-changing society, it is imperative that our education system keeps pace with the times
and be responsive to the needs of learners. To design an education system for the future,
we must envision future changes in the society in order to cater for the needs of learners in
the new society and to define the role and functions of education in the new environment
(Hong Kong Education Commission, 2000, p. 27).

Looking beyond the immediate future, we must focus on lifelong learning and employability
for the long-term. Our future prosperity will be built on a knowledge-based economy. That is
why we are revamping our education system to produce thinking students. The future econ-
omy will be driven by information technology, knowledge, and global competition (Goh
Chok Tong, the Prime Minister of Singapore, 1998; cited in Kumar, 2004, p. 561).

At issue in these excerpts is that educational reforms in the region are focus-
ing overtly on economic functions of education — producing required labour
forces to meet the demands in a globalised knowledge-based economy. Sahlberg
(2006) called it the Global Education Reform Movement. It is concerned with
economic competitiveness as the main motive driving changes in every aspect of
a society, including education and educational reforms. Similarly, Cheng (2003a)
called this wave of reform in the region as focusing on ‘future effectiveness’.
The economic depression experienced by most of the countries in the past dec-
ade has heightened the perceived need for a reform. Despite the diversity in the
Asia-Pacific region, most of the countries are united in upholding the impor-
tance of improving educational quality, effectiveness, and relevance in the era of
globalisation (Maclean, 2001).

2 The Focus on Learning

Another striking convergence in the current discourse on educational reforms is the
focus on learning. Cheng (2003a) argued that this new wave of reforms should have
student learning as its primary focus and schooling should be ‘managed in a way
that facilitates transfer and adaptation, drawing on global resources, and exploiting
global networks which will contribute to students’ learning and teachers’ teaching’
(p. 430). Learning has been considered as a universal good or solution for future
challenges (e.g. Kalantzis & Cope, 2001; Hong Kong Education Commission, 2000).
Writers on globalisation (e.g. Daun, 2001; Burbules & Torres, 2000) have argued
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that globalised, knowledge-driven economies call for a paradigm shift in teaching
and learning which involves reforms of goals, content, and practice at all levels
of education.

Nevertheless, learning is a value-laden process. To make a judgement that some-
thing is worthwhile learning is highly contextual. Spinning off from this central
concern about learning are important questions such as: What are we learning for?
What are we learning towards (new identities, new communities, and new ways of
life)? How should we go about learning (new tools and resources)? Who can access
these learning opportunities and who is excluded? Embedded in these questions are
important social and political concerns such as equity, multiculturalism, diversity,
differential funding, and values.

In relation to what we have discussed is the problem about the conceptualisation
of learning in educational reforms. While there is more or less an agreement on the
significance of graduate attributes such as problem-solving, creativity, lifelong
learning, team work, flexibility and interpersonal skills, willingness to take risks,
being innovative, and communication skills, there is no agreed plan as to how these
knowledges and skills can be promoted among school students. The question is not
about choosing between these attributes, or deciding which is more important than
the others. It is more about how we are going to make sure that our students are
scaffolded appropriately in the development of these learning attributes. What
should be done to reform the daily learning and teaching practices in order to
enhance the development of these important attributes?

In response to globalisation, different countries have come up with different
reform programmes. One common theme in these reform efforts is that change in
classroom practice is assumed. For example, in Queensland, Australia, the New
Basics Reform was instituted in 2000. This futuristic reform proposes a
curriculum framework that builds on four basic curriculum organisers, which is
delivered through productive pedagogies and rich tasks. The alignment of
curriculum, pedagogy, and assessment is the main concern in this reform.
In Singapore schools, the focus was on the development of critical thinking and
creativity. The use of project-based learning was called for to promote higher
order engagement for their students. In Hong Kong, a comprehensive reform
changed the school curriculum, academic structure, and assessment system. The
development of a new teaching culture that values mastery over achievement was
considered critical in this reform.

The examples above indicate that to meet the challenge in the new economy,
there is a need for new pedagogies or a paradigm shift in teaching and learning.
However, the discussion on what exactly is needed for the development of these
new pedagogies or new learning is limited and there seems to be no agreement.
When discussing the reform of Singapore education, Luke and colleagues (2005, p. 8)
stated that ‘the policy question is about how to take schooling and education in
Singapore to the “next level”’. However, what does the ‘next level’ involve? What
kind of learning and teaching processes should be established in order to take the
achieving Singaporean educational system to the ‘next level’ of performance?
Failing to find a satisfactory model to follow, Luke and colleagues resorted to fuel
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the Singaporean reform by quantitative and qualitative research on classroom
teaching and learning, exploring how the practices are grounded in various cultural,
familial, and institutional contexts as well as how they mediate the effects of these
various contexts and lead to the development of desirable learning outcomes and
attributes. There is a need to look closely at the teaching and learning processes, the
curriculum, learning activities, and experiences students gathered from their
schools. In other words, it is essential to examine the established teaching and
learning practices and explore whether they are capable of or appropriate for the
development of those learning attributes a globalised economy values.

It is often hard for stakeholders to theorise how learning is related to a particular
reform and to analyse how learning should be, or has transformed, during the
reform process. One of the important considerations is that effectiveness of these
reforms should not be judged narrowly on students’ achievement levels. As Luke
has argued, the effectiveness of an educational policy should be grounded ‘in the
power of education in making material and intellectual differences in the pathways
and consequences for students, teachers and their communities’ (2005, p. 12).

In short, economic concerns have triggered the current wave of educational
reforms in different places in the region. Nevertheless, we need to move beyond the
positive sounding rhetoric of educational reforms, by considering the following
features: reforms need to be examined in relation to their cultural and historical
context; in relation to value judgements regarding worthwhile learning; and in rela-
tion to changing economic conditions in different countries and the tensions associ-
ated with these changes for educators and citizens alike.

The immense diversity of the Asia-Pacific countries adds another level of com-
plexity to what we have discussed. It is inappropriate to assume that globalisation
impacts equally and universally on every nation in the region in a similar manner.
Each country can be affected differently by globalisation; some may be driving the
globalisation process, some may be working along with it, while some may be
struggling to catch up or simply being left behind. In this sense, it is inappropriate
to assume that the new economy has already been established universally in every
part of the region. Even for the more advanced countries such as Australia and
Japan, certain forms of the old mode of production are still running parallel with
the post-Fordist mode of production in the new economy. In this case, to argue for
a paradigm shift of learning and teaching universally applied to every part of the
region is not a justifiable position, which may only serve to reveal our lack of
understanding of the diverse cultures of the nations in the region. Different forms
of learning and teaching may be required for students in different societies in the
region given their own specific sociocultural traditions and current concerns
(Kemmis, 1998). Learning, pedagogy, and curriculum privileged in a particular
place cannot be understood thoroughly without referring to its sociocultural context
(Renshaw, 2002). A paradigm shift requires appropriate rules, norms, and values to
legitimise its acceptance and enactment. For example, the inquiry project approach
adopted in Singapore schools may be out of tune with Indonesian students in the
tsunami-affected villages who are still struggling to come to terms with the massive
destruction. In the same vein, the stress on the development of an intellectually
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challenging environment in the Australian state of Queensland, may not work for
students in Hong Kong, South Korea, and Japan who learn within the constraints of
their local exam-oriented systems. Each nation in the region needs to engage in this
challenging process of educational transformation through a close scrutiny of their
own cultural practices in education, building on their past achievements, exploring
various contextual constraints and affordances, and addressing the new conditions
with localised solutions that focus ultimately on improving learning and teaching.

3 Technological Advancement and New Learning

Undoubtedly, the use of information and communication technologies (ICT) is con-
sidered vital in the twenty-first century. ICT is a major force that promotes globalisa-
tionprocesses and quickensthe developmentof aknowledge-based and information-rich
economy. It enables the creation and development of globalised networks of ideas,
finance, commodities, and communities. We can find reforms focusing on incorporat-
ing ICT into classroom learning and teaching, benchmarking teachers’ ICT skills and
knowledge, improving technology infrastructure in schools and communities, for
example, in Singapore, Hong Kong, Taiwan, Australia, and Japan (Cheng, 2003b).
The consistent message in the policy rhetoric is that ICT holds promise for improving
student learning or the development of progressive educational ideas such as collabo-
rative learning, student-centred learning, and problem-based learning.

Nevertheless, the positive impact of ICT does not come automatically. The chal-
lenge to education posed by technological advancement is not just a matter of
installing computers and connecting them with the World Wide Web. We believe
that we still have a long way to go in transforming learning using new technologies
in the globalised, knowledge-driven, and information-rich economies. The shift
from learning about ICT to learning with ICT needs to be maintained. Most of the
countries in the region have clear policy guidelines regarding the former — focusing
on establishing ICT infrastructure, training teachers on essential ICT skills and
applications. To capitalise on the strengths of ICT, however, we need to focus on
the latter, exploring how learning and teaching can be improved through integrating
ICT into the school curriculum as part of the pedagogical content knowledge that
informs the design of the curriculum, pedagogy, and assessment. It is important to
explore how ICT can be incorporated in the new pedagogical or learning models
for different school curriculum, supporting the development of learning and assess-
ment tasks that are authentic, constructive, collaborative, and challenging. For
example, ICT can be integrated into project-based learning as a way to promote
collaboration, learning engagement, the search for relevant information, and crea-
tive report of learning outcomes (cf. Wong et al., 2006).

To learn and to teach with ICT requires the learning of a new set of words, sym-
bols, graphics, images, discourse structures, and practices in the cyberspace. The
new media denotes a new form of literacy for both teachers and students. The
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appropriation of the new tools for teaching and learning also assumes changes in
the roles of both teachers and students, their patterns of interaction, and the design
of learning activities and assessment. Such a change is essential for the develop-
ment of a pedagogy that builds on the strengths of new technologies. Implicated in
this discussion is the fact that learning with ICT will require a discussion of larger
questions such as epistemology, identity formation, classroom dynamics, and
(in)equity of access.

In relation to our discussion on learning with ICT, Kozma (2003) reported some
encouraging results. In a number of countries in the region — Singapore, Hong
Kong, Japan, Taiwan, and China — he found that integrating technology into school
curriculum enhanced collaboration with and between teachers, promoted the design
of constructivist learning activities, increased the use of web resources, email and
multimedia software to communicate. Another key research finding in Komza’s
international study was that the use of ICT in pedagogies that demand research
work and information management from students resulted in more desirable learn-
ing outcomes than did those treating ICT as add-on skills. In other words, it is criti-
cal for us to understand how ICT is actually used in the classroom among teachers
and students.

In light of globalisation, learning with ICT means that there is a need to ‘assess
directly the impact of ICT on student learning, especially those skills such as infor-
mation handling, problem solving, communication, and collaboration that are con-
sidered important for the 21st century’ (Komza, 2003, p. 13). We cannot tell with
confidence at this stage if ICT is effective in promoting the development of these
important skills for different student groups in the region. Specific sociocultural
conditions, such as existing pedagogic practice, social backgrounds, and cultural
beliefs may have a profound impact on the use of ICT. The practice, values, and
group characteristics may either foster or inhibit the use of ICT (cf. chapters by
Goos, and Yuen et al. in this collection). Thomson, Nixon, and Comber (2006)
studied the use of ICT in several schools in the low socio-economic suburbs in
South Australia. Their study found that the use of ICT was limited by the uneven
distribution of the hardware establishments in these schools; their actual use among
students was further constrained by factors such as a lack of technical expertise,
inadequate understanding of home and community ICT practices, and significant
variation of the capacities of schools, and the delayed engagement in examining the
implication for pedagogy and curriculum. In short, it is a daunting task for teachers
to come up with in-time changes in their classroom practices in order to capitalise
on the benefits of ICT.

The digital divide between information-poor and information-rich groups is
increasing. In this case, the ICT reform brings to the fore the problem of equity and
access. The use of ICT needs to be evaluated in light of the developmental condi-
tions within different countries in the region, as well as between them. Countries in
the region are in different stages of development in the use of ICT in education
(cf. Hedberg & Lim, 2004). Information-poor countries such as Vietnam and Laos
risk being left behind in terms of ICT reform. Students in the information-poor
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countries are increasingly crippled by a new form of illiteracy posed by the use of
ICT. The struggle to provide the necessary hardware and equipment is another
round of basic reform that developing countries in the region need to pursue after
the provision of basic education.

Information-rich countries face another form of inequity. The challenge for
developed countries in the region such as Australia and Japan is how to make sure
students from disadvantaged backgrounds or minority groups are not left behind in
the digital development in terms of access, use, and mastery of these technological
tools. Thomson, Nixon, and Comber (2006, p. 477) argued that when equity is
concerned, learning with ICT requires an analysis of the purposes of schooling and
‘such a discussion need to connect with situated analysis of their local populations
and existing understanding about “curriculum justice” and how it might be devel-
oped’. A deterministic approach to the ICT movement, which holds that ICT is
beneficial to every student, should therefore be avoided. Instead, the new learning
called for in the ICT reforms needs to be evaluated from various contextual consid-
erations, including pedagogical practice, curriculum characteristics, school cul-
tures, and student backgrounds.

4 Systemic Effectiveness

International comparison of educational achievement has attracted much attention
from political leaders and educational policy-makers who seek confirmation
regarding the competitiveness of their graduates in knowledge-based economies.
Educational attainment in terms of mathematics, science, and literacy development
is the focal point of interest. In the recent publication of international comparison
tests such as TIMSS and PISA, major Asian nations in the region, including
Singapore, Korea, Taiwan, Hong Kong, and Japan were ranked high in terms of
achievement in mathematics, science, and literacy development. Stakeholders in
education are becoming more aware of educational standards and achievement in
other countries. Seeking similar educational quality or pursuing competitive
achievement has become one of the major concerns for educational policy-makers
and politicians in the region (Riley & Torrance, 2003; Sahlberg, 2006).

Teaching and learning effectiveness cannot be understood clearly without a
situated and sociocultural analysis. In the past, Asian learners have been criticised
for the over-reliance on rote learning, their reluctance to participate in classroom
discussion, and the need for tight teacher control and guidance (mostly from a
Western perspective). These stereotyped images of Asian students have been chal-
lenged (Volet & Renshaw, 1995, 1996; Watkins & Biggs, 1996). The high achieve-
ment of Asian students in international comparison tests has forced researchers to
abandon such a deficit view of Asian learners and to consider the apparent paradox
of Asian teaching/learning strategies and their high level of achievement.
Consequently, what can be learnt from the Asian systems has triggered a new wave
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of research (LeTendre, 1999). In the case of TIMSS, this was achieved through
comparative analyses of a series of video-taped lessons among participating
countries (Stigler & Hiebert, 1999), which explored the notion of national teaching
scripts. Subsequently, the search for and debate on national teaching scripts and
their effects has prompted a closer examination of learning and teaching processes
in different countries (e.g. Clarke et al., 2006; Lopez-Real & Mok, 2002; Stigler
& Hiebert, 1999). For example, Mok (2006), based on data generated from an
international video study of teaching in Shanghai classrooms, argued that teacher-
dominated pedagogy can promote learning and engagement. This research-based
argument warns us against treating teacher dominance as an overtly undesirable
teaching practice based on a Western perspective. To extend Mok’s analysis, the activi-
ties observed in the Shanghai classrooms need to be situated in the sociocultural
conditions that have contributed to the development and effectiveness of particular
teaching and learning arrangements.

Aside from an increased interest in the teaching and learning processes in
Asian classrooms, Asian countries themselves are searching for effective ways
to maintain their current level of achievement in the globalised knowledge-based
economies. For example, Japanese educational researchers are increasingly con-
cerned about the decline of Japanese students’ performance in TIMSS and the
internal gap of achievement among students coming from different socio-economic
backgrounds (LeTrende, 1999; Sato, this volume; Shimizu, 2001). The Hong
Kong government in its current reform has stressed the need to develop a new
form of competition, where no child is being left behind. The Singapore government
promotes critical thinking skills among their students. The policy imperative in
these high-achieving Asian nations is to maintain competitive advantage whilst
adapting to new economic and sociocultural conditions. This has led to increasing
emphasis on accountability and demonstrable evidence of the usefulness and
effectiveness of reforms in order to justify government’s funding support (e.g.
Luke & Hogan, 2006).

To summarise, our discussion pinpoints the need to explore the link between
educational reforms and learning in specific sociocultural contexts in which they
operate. Learning in globalised economies is value-laden. Given the diversity
among the countries in the region, innovative thinking is required to craft reform
agendas and processes that are contextually relevant, culturally appropriate, and
developmentally viable. Policy borrowing from the West does not guarantee results.
Global dissemination of successful programmes in one place to another is always
problematic. The changes in practices are complex, messy, constrained by sociocul-
tural conditions, and can only be partially manipulated by policy mandate. It is
time, therefore, for us to go back to the basics and explore educational reforms in
the light of teaching and learning in their immediate context with a view to develop
indigenous models of learning and teaching that address the current wave of
reforms; because ‘education innovation for first and last is about teachers and stu-
dents where they begin, what they experience, and where they end up’ (Luke et al.,
2005, p. 26).
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5 The Aims of this Book

One of the major aims of this book is to document how learning is being affected
by the current wave of educational reforms in the region. We have defined the term
‘reform’ very broadly so as to include both formal and informal projects. This will
allow readers to understand that reforms in education will not necessarily be con-
fined to policy initiatives or large-scale reform programmes. Collectively, the chap-
ters in this book argue that successful reform is located in a deep understanding of
the local context. We take a sociocultural approach that entails evaluating various
reforms in light of the existing systems of learning and teaching, its constraints and
affordance, and its historical evolution and current form. The contextual lenses we
use in this book are far from static. We discuss reform and learning from past,
present, and future perspectives; it also draws the link across multi-levels, from the
political system in a country, to the social, familial, school, and classroom
operations.

We also hope to start a dialogue among educational researchers within the region
on critical and emerging issues and concepts related to reforming learning within
the Asia-Pacific region. To facilitate the academic dialogue, the chapters in the
book follow a broad structure that requires authors to:

e Situate the reform or change, defined broadly, within the context of student
learning; explain its backgrounds, theoretical concerns, and clarify key concepts
and issues at stake, and discuss how they are related to or may have an impact
on the teaching/learning process

o Consider relevant theories and concepts in the literature

e Explain how learning would be influenced or has been impacted by these
reforms or changes

e Discuss issues related to learning that have arisen, and relate them to different
contexts of schooling in the Asia-Pacific region

6 Chapter Overview

The first chapter in this collection offers a theoretical model based on the Activity
Theory to delineate various possible linkages between reform and learning. One of
the most important challenges to understanding educational reforms in such a vast
region is how to conceptualise reforms and link them up with various aspects of
learning. Activity Theory offers a theoretical framework that can link reform and
learning in diverse sociocultural conditions, and across different relational features
of a system including relations between subjects and objects, rules, communities,
and the division of labour. The chapter ends with a discussion of several critical
lenses that we suggest need to be considered to evaluate reform and learning.

Part II, “Focusing on Tools, Transformation and New Learning”, contains eight
chapters. The theme in this part focuses on the reforms related to the introduction
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of new cultural tools for learning and teaching. These tools include the effective use
of new technology (Bahr & Bahr, Goos, Towndrow et al., and Yuen et al.), the
implementation of a new curriculum (Bernardo et al.), the development of new
policy on the medium of instruction (Poon), and the introduction of a new peda-
gogic model (Cheung, and Yeong & Ng).

Part III, “Focusing on Contradiction, Tension and Systemic Change”, presents
six chapters. The first four chapters discuss various forms of contradictions and
tensions associated with the introduction of a new reform. These contradictions and
tensions originated from the changes in the norms and goals for learning (Sato and
Ng), the needs and characteristics of different student groups (Archer), and views
among different stakeholders in education (Liberty). The final two chapters discuss
systemic change in education; issues related to transferability and sustainability
(Law), and an innovative model for professional development (Timperley et al.).

6.1 Focusing on Tools, Transformation and New Learning

The crucial question addressed here is how this new set of cultural tools will trans-
form learning or lead to the development of new forms of learning. In answering
this question, authors in this section focus on the sociocultural context for the
development of these new tools (Goos, and Yuen et al.), as well as understanding
various micro-level factors that may affect students’ engagement in using them
(Bahr & Bahr, and Towndrow et al.).

Goos’ chapter explores the impact of these technology-related reforms on math-
ematics learning and teaching in the Australian context by analysing examples of
classroom practice and teacher learning drawn from a series of socioculturally ori-
ented research studies. The chapter offers a framework for theorising relationships
between pedagogical beliefs, school structures, and other factors that might influ-
ence technology use by teachers and students in mathematics classrooms. It extends
Vygotsky’s concept of the Zone of Proximal Development to incorporate
affordances and constraints of the learning environment (Zone of Free Movement)
and the nature of the specific activities designed to promote new skills and under-
standing (Zone of Promoted Action). It also develops a series of metaphors (tech-
nology as master, servant, partner, extension of self) to describe ways in which
teachers and students appropriate technology as a cultural tool. Implications are
discussed for technology-related reform of mathematics education in Hong Kong
and Singapore.

Yuen and colleagues draw our focus onto the integration of technology into the
science curriculum in Hong Kong. It is a government policy in Hong Kong that
teachers are expected to incorporate ICT into school curriculum and classroom
teaching. This chapter explores the students’ and teachers’ authentic experiences in
a science curriculum innovation, in which students and teachers from five primary
schools in Hong Kong engaged in online collaborative knowledge building. Thirty
fifth-grade students and eleven teachers from five primary schools were interviewed
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on their concepts of learning and knowledge building, as well as their personal
accounts of this unique pedagogical experience. The results indicate that it is
important to understand students’ and teachers’ conceptions of the new experiences
in using the innovative technologies, which to a certain extent, is constrained by
various contextual factors. One of the interesting findings derived from the inter-
view data was students’ negative responses to the use of internet technology may
be related to the exam-oriented learning environment in Hong Kong.

Bahr and Bahr focused on exploring how the design of classroom activities can
promote learning with information technology. In Queensland, there have been
significant initiatives in the past decade to support the integration of technology
in classrooms and to set the conditions for the enhancement of teaching and
learning with technology. Recent research and theory into cognitive load, sug-
gests that complex information environments may well impose a barrier on stu-
dent learning. Further, teachers have the capacity to mitigate the cognitive load
through the way they prepare and support students engaging with complex infor-
mation environments. Bahr and Bahr compared student learning at different lev-
els of cognitive load to show that learning is enhanced when integrating
pedagogies are employed to mitigate the high-load information environments.
This suggests that a mature policy framework for ICTs in education needs to
consider carefully the development of professional capacities to effectively
design and integrate technologies for learning.

In Singapore, change is sought urgently in the field of literacy pedagogy where
the presence of digital technologies has spawned a vibrant and challenging interest
in how teachers and pupils can prepare for the creation and interpretation of multi-
modal representations of knowledge. Drawing on data from a larger study investi-
gating the use of ICT in contemporary school learning in Singapore, Towndrow and
colleagues presented two case studies that illustrate the manner in which pupils
engaged in the process of crafting representational artefacts in learning tasks in two
lower secondary science classrooms. The discussion that follows includes views on
the successes and difficulties faced by the study participants in their work with
multimodalities. Some suggestions are also made concerning how these difficulties
could be overcome.

Aside from the introduction of new technology, the reforms of new tools also
include the development of innovative pedagogical model, change in curriculum,
and medium of instruction. Since 1997, the Ministry of Education in Singapore has
launched a series of educational initiatives to revise and update the national educa-
tion system in order to meet the new epistemological challenges of the twenty-
first-century global economy. Yeong and Ng in their chapter examined Project
Work, one of the educational initiatives introduced under the Singapore govern-
ment’s Thinking Schools, Learning Nation vision. This chapter takes a look at
the theoretical foundations on which Project Work is based as well as the design of
the initiative itself. An analysis of the challenges facing the successful implementation
of Project Work is also offered. The authors argue that the most pertinent challenge
faced by Singapore’s education reform is the deeply ingrained mindsets of the various
stakeholders, including students, teachers, school leaders, and parents, regarding the
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goals of education. These mindsets pose a challenge not only to the Project Work
initiative but also to the wider education reform in Singapore. Several fundamental
changes in epistemological presuppositions, both within and outside of the class-
room, are needed in order for Project Work to fulfil its educational objectives.

Macao is a Special Administrative Region of China where schools enjoy a high
degree of autonomy and undertake school-based educational reforms. After the
1999 sovereignty transition, many kindergartens, primary, and secondary schools,
as well as special schools attempted to apply Gardner’s MI Theory to reform teach-
ing and learning in order to implement an individually configured educational
experience for students. Cheung discusses individually configured education in the
postmodern era, and proposes a school-based MI-inspired action research paradigm
for undertaking reform in instructional design, assessment practices, and the school
curriculum. Based on the MI-inspired action research paradigm, research-based
examples are presented to showcase how Macao schools are making use of MI
Theory to reform schooling towards learning with understanding and liberation of
students’ potentials and abilities. Cheung ends the chapter with a discussion of how
MI as a theory is related to the traditional Confucian ideas of teaching and learning
in the Chinese culture.

One of the important elements of the current wave of educational reforms in the
region is the restructuring of the school curriculum. Bernado and colleagues dis-
cuss the key features of a curriculum reform initiative in Philippine basic educa-
tion that aims to improve student learning to meet the increasingly complex
demands of Philippine society amidst globalisation. These features and goals are
crystallised in a new integrated learning area called Makabayan, which integrates
the curricular content of several previously existing subjects in order to have more
coherent focus on the goal of developing Filipino students’ personal and national
identity. The chapter discusses the difficulties that related to building consensus
among the crucial implementers of the reform (i.e. the teachers) regarding the
appropriate curriculum elements that would have realised the improved learning
goals. It asserts that a fundamental problem was that although there were well-
defined articulations of the improved learning goals of the curriculum, there was
a weak conceptualisation of how to reform the various elements of the educational
process to improve the learning processes, particularly in a large, resource-limited,
and highly centralised educational bureaucracy. However, the chapter ends some-
what optimistically as it suggests that the key learning concepts introduced in the
reform initiative come to be appropriated by various stakeholders for their other
efforts to reform student learning.

An important tool for learning is the medium of instruction. The policy on
medium of instruction is important for nation states such as Malaysia, Singapore,
and Hong Kong during the colonial and post-colonial periods. In Hong Kong, the
compulsory Chinese-medium teaching policy has been in place in Hong Kong since
September 1998, one year after the handover of sovereignty from the UK to China.
Though educationally desirable, the use of Chinese as a medium of instruction in
Hong Kong has been controversial. To date very few studies have investigated the
impact of the compulsory Chinese-medium teaching policy on learning. The public
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perception is that the English standards of students have further declined. As for the
results of content-based subjects, some subjects have improved while others have
maintained the same level. In this chapter, Poon examines the reform on medium
of instruction and investigated the impact of Chinese-medium teaching policy on
learning generally, and specifically on students’ attitude and motivation on learning
at Chinese-medium schools, on the processes of learning content-based subjects
through the mother tongue, on the examination results, and on students’ medium of
instruction preference. Ten schools have been surveyed. The theoretical underpin-
ning of this article is Cummins’ bilingual theories. Poon’s chapter explains how the
policy on medium of instruction is the result of negation processes embedded in
political, cultural, and economic contexts.

6.2 Focusing on Contradictions, Tensions and Systemic Change

Educational reforms inevitably bring contradictions and tensions into educational
sites. Different perspectives, views, and theoretical favours abound in relation to
issues such as goals, strategies, and content of education. The first four papers in
this section discuss these contradictions and tensions in Japan, Hong Kong,
Australia, and New Zealand.

Japan has an excellent track record when it comes to international testings in
important academic areas like mathematics and science. However, discontent with
the drop of achievement levels in the current round of assessment by TIMSS and
PISA testings was on the boil in various educational communities in Japan. Sato in
his chapter discusses the debate triggered by the concerns of the decline in the aca-
demic performance in these international tests. Different strategies have been put
forward to rectify the worsening performance, two most important ones being the
time on learning and motivational pattern of students. Sato argues in favour of the
latter and he ends his chapter with a discussion on how motivated learning can be
promoted in some reformative programmes designed from a Vygotskian approach
to learning.

Hong Kong students have done well in the international tests. However, the past
achievement record of the Hong Kong students was considered not enough to fuel the
continuing development of the achieving economy in light of globalisation. One of
the main concerns in the current reform in Hong Kong is how to develop a new teach-
ing and learning culture that focuses on construction and mastery of essential knowl-
edge and skills. Ng argues in his chapter that this proposed pedagogical change has
not taken into adequate consideration of teachers’ and students’ striving for perform-
ance and its derived pedagogical arrangements. Ng explained the development of this
achievement orientation in terms of the evolving political, cultural, and educational
contexts in Hong Kong. It is argued that to reform successfully, there is a need to
incorporate this orientation with students’ other goals for learning.

Students often come to school with different systems of beliefs, values, and
goals. Archer draws our attention to the need to examine a reform in light of goals
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held by different groups of students. The Quality Teaching Model has been
designed to improve teachers’ pedagogical skills in the Australian State of New
South Wales. Archer discusses the motivation implications of this reformative ped-
agogic model. The model is examined from the perspective of achievement goal
theory. Archer argues that the intention of the authors of the model is that its imple-
mentation will encourage students’ adoption of a mastery achievement goal.
However, there is a danger that the model may be less successful with those stu-
dents who have not been specifically targeted by the authors of the model, namely,
under-achieving students from traditionally disadvantaged groups. The model does
not take into sufficient account the way in which students’ social goals, or even a
less conscious need to feel related to others, can work simultaneously with aca-
demic goals. Archer ends her discussion highlighting the differential role of social
goals operating in the Asian context.

Different stakeholders in education will have different views on students’ needs
and how to meet them effectively. Hence, disagreement, contradictions, and ten-
sions are inevitable on important educational policies that target on specific groups
of students. In New Zealand, children with learning differences had been often
excluded from school or educated separately from children seen as typical learners,
and have been streamed into different educational paths. New Zealand embarked on
a comprehensive revision of the schooling strategy for children with learning dif-
ferences from 1989. The changes involved radical reform of legislation, the imple-
mentation of parent-trustees in partnership with principals and teachers for local
school management, parent-choice of schools for their own children, resourcing of
children with learning differences at the school level, and a mandate for inclusion
of children with learning differences in state school classrooms. By 2006, New
Zealand was working towards full inclusion with increasing support from school
principals and parents of children with learning differences. The development,
implementation, and evaluation of this radial reform of learning is described and
critiqued. In her discussion, Liberty highlights the changing roles of parents and
how their views, once devalued, have become more salient in the current debates
on policies related to the education for students with special needs.

The final two chapters in this section focus on systemic change. A major chal-
lenge in education is how to sustain and scale up innovations. Law draws on the
case studies of innovative pedagogical practices using technology collected in the
Second Information Technology in Education Study Module 2 (SITES M2) to
explore whether technology-supported pedagogical innovations pose similar or dif-
ferent challenges to the problems of sustainability or transferability. In particular, it
examines the relationship, if any, between the extent of pedagogical innovation and
scalability (i.e. sustainability and transferability), as well as contextual and policy
impacts on scalability.

Sustainability was found to be more difficult when the extent of innovation was
higher and related significantly with leadership style. Sustainability was enhanced in
situations where mechanisms were set up to establish a community of practice for
teachers as they experimented in bridging the learning gap between established prac-
tice and the innovation. Transferability, on the other hand, appeared to be influenced
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by factors different from those affecting sustainability. First, the extent of innovation
had no statistically significant relationship with transferability and appeared to be
facilitated by the use of more sophisticated technology. Transferability was also found
to be significantly influenced by two contextual factors, the ICT policy at school level
and the educational policy at the systems level. Educational policies which encour-
aged and supported the establishment of multi-site, multiparty collaborative networks
for the conceptualisation and implementation of innovations were found to stand a
much better chance of transfer.

Undoubtedly, innovations that have a proven record of effectiveness will have a
high chance of being transferred. Timperley and colleagues discuss different
approaches to innovations in New Zealand. Improving student achievement through
school-based innovations has been as challenging for New Zealand as many other
countries in the Asia-Pacific region. There are few options for state imposition
within the self-managing-schools framework of New Zealand’s education adminis-
trative structure. After a period of attempting different approaches with limited
success, one approach that is described in their chapter has proved highly promis-
ing. They call the approach ‘evidence-informed collaborative inquiry’. Rather than
persuading or requiring target schools to adopt innovative programmes that have
been developed by external experts, the approach involves those experts collaborat-
ing with teachers to develop their expertise to diagnose student achievement prob-
lems in their schools and to develop solutions to address those problems. Three case
studies are described where this approach has been successful in significantly rais-
ing student achievement.

Reforming learning within the Asia-Pacific region is an important emerging
theme on the education horizon. It is our hope that the collection in this book will
attract interest in this topic and draw the attention of policy-makers, educational
reformists, and researchers to the need to evaluate reform policies and measures in
light of ingrained sociocultural traditions, schooling processes, curriculum change,
and evolving classroom practice. This book represents an initial effort in examin-
ing educational reforms from this contextual perspective. Chapters in this collec-
tion cover important aspects of current reforms in the region from seven nation
states in the region, including Australia, New Zealand, Japan, Hong Kong,
Singapore, Macau, and the Philippines. There is certainly a need to extend this
academic endeavour to discuss educational reforms and learning in other parts of
the region.'

"'We would like to thank the authors of this book who have responded to our call and taken on this
academic challenge to examine their research from the focus we proposed — reforming learning.
We appreciated their initiative, participation, and above all their willingness to revise repeatedly
their chapters with a view to clarifying important issues, adding vital information, and sharpening
the arguments. We would also like to express our gratitude to the editor of the book series, Rupert
Maclean, for his positive response to our proposal and his steadfast support throughout the proc-
ess. Due gratitude should also be extended to the anonymous reviewers for their favourable com-
ments and to the publisher for publishing this book.
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Exploring the Linkage Between Reforms
and Learning in the Asia-Pacific Region:
An Activity Theory Perspective

Chi-Hung Ng

Abstract This chapter offers a theoretical discussion of the relationship between
educational reforms and learning in the Asia-Pacific region. Several reasons are
discussed explaining why it is difficult to ascertain the linkage between educational
reforms and learning. A consistent theoretical framework is needed to guide the
discussion. The chapter argues that Activity Theory is a potential candidate. We
discuss how educational reforms are understood from this specific perspective. Two
conceptual linkages between educational reforms and learning are discussed. The
chapter ends with a discussion of four critical lenses integral to an activity theory
perspective that help exploring the linkage between reform and learning.

1 Introduction

In the previous chapter, we described how globalization, economic growth and
technological development contributed to the direction and shape of educational
reforms in the Asia-Pacific region (e.g. Law, 2004; Lee, 1999; Green, 1999). While
the major trends have been mapped (Cheng, 2003; Cheng & Townsend, 2000),
there is a dearth of literature exploring the relationship between educational reforms
and student learning. The authors in this volume have taken up this challenge and
dealt with the linkage between reforms and learning in their own educational sites.
Collectively they provide us with rich examples, relevant data and insightful analy-
sis that extend our understanding of reforms and student learning in the Asia-
Pacific region.

In this chapter, we offer a theoretical discussion of the complex linkage between
reform and learning from an Activity Theory perspective. The use of the term,
‘learning’, in this chapter also implicates the supporting processes of teaching
and curriculum design. We suggest that Activity Theory provides a framework for
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researching and understanding how educational reforms can be related to these
processes of curriculum design, teaching and learning. This theoretical perspective
draws our attention to processes and aspects of reforms that can be overlooked
if school effectiveness or linear cause—effect models of educational improvement
are adopted.

From the Activity Theory perspective, educational reforms are framed as planned
actions that necessarily have system-wide effects on human relationships, everyday
educational practices and outcomes. The reform process itself is described in terms
such as: the introduction of new cultural tools and artefacts; the establishment of new
rules and norms; the inclusion of new members in the relevant communities; changes
in participants’ roles; and most importantly, the complex dynamic interaction of these
components within an activity system and its neighbouring systems. In this sense,
educational reforms are no longer merely understood as policy initiatives designed
by policy-makers and subsequently carried out in schools by faithful teachers and
school administrators. Instead, they are characterized as interactive and uncertain
ventures between participants whose actions are mediated according to rules, norms,
roles, tools and artefacts made available to them within the immediate community.
Using this specific theoretical lens, educational reforms inherently evoke contradic-
tions and tensions, which nonetheless can be seen as positive forces driving the
transformation in the existing system through the development of new practices and
redefinition of the objects of activity.

Below we explain the advantages of adopting Activity Theory over other
approaches and then we outline how educational reforms are conceptualized from
this particular perspective. The linkage between educational reforms and learning
is discussed in terms of contradictions within an activity system and across interact-
ing systems. Finally, we highlight four critical lenses we need to focus on when
exploring the linkage between educational reforms and learning.

2 The Relationsip Between Reform and Learning

The relationship between educational reforms and learning is a significant issue
given that there is a lack of research exploring how learning is being affected by
various educational reforms carried out in the Asia-Pacific region in the past
decade. Learning and teaching, being the core activities of education should
assume a more central role in the design, implementation and evaluation of edu-
cational reforms. The difficulties in ascertaining the relationship between
reforms and learning can be attributed to the diversity and complexity of reform
efforts and the elusiveness of capturing the direct and indirect effects of reforms
on student learning.

‘Reform’ is a rhetorical device deployed by a government to justify various
agendas for changing the education system from the top. This model of reform
implies that certain aspects of the current system have been diagnosed as inade-
quate and that a better alternative has been designed and is ready for implementation
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and dissemination across the system. As Cheng (2003) and others have noted,
educational systems in the Asian-Pacific region have embarked on large-scale
top-down reforms associated with almost every aspect of education — the funda-
mental aims of education, curriculum frameworks and restructuring, school man-
agement and improvement, teachers’ professional development, innovative
pedagogical models and new technologies for learning (cf. Cheng, 2003; Cheng,
Chow & Tsui, 2001; Luke & Hogan, 2006; Maclean, 2002; Cheng & Townsend
2000; and chapters in this volume).

Below, the major trends and directions in educational reforms in the Asia-Pacific
region are specified (see Cheng, 2003):

e Towards re-establishing new national visions and educational aims

o Towards restructuring educational system at different levels

o Towards marketization, privatization and diversifying educational choice

e Towards parental choice and community involvement in education

o Towards ensuring education quality, standards and accountability

e Towards decentralization and school-based management

e Towards enhancement of teacher quality and continuous lifelong professional
development of teachers and principals

e Towards using IT and new technologies in education

e Towards paradigm shift in teaching, learning and assessment

This list is not random. It reveals the influence of the neo-liberal paradigm that has
shaped the reform of social institutions since the 1980s. The key elements of that
agenda can be seen in the trends towards privatization, individual choice, account-
ability at the local level but strong central control of educational aims linked to
national policies and economic imperatives. The effects of these reforms are medi-
ated by how the reforms are appropriated, resisted and transformed in various
ways by actors at different levels of an educational system. Thus, we agree with
Elmore (1995); when concluding his discussion of the relationship between struc-
tural reforms in school and their connection with teaching and learning, he warned
researchers of the danger of oversimplifying the relationship between reforming
school structure and student outcomes. He suggested that ‘researchers should
probe underneath the structures to discover, both conceptually and empirically,
what changes in teaching practice and student learning are actually entailed in
them and what evidence one would accept that changes in structure were actually
related to changes in practice and learning’ (Elmore, 1995, p. 26). In other words,
we need to theorize and research the connection between reforms and learning to
take account of complex interactions and unforeseen effects and outcomes.
Different paths of direct and indirect influences on learning must be conceptualized
and investigated in relation to how a particular educational reform is understood and
implemented at a local site.

A general framework is required to guide this complex exploration. One
approach to researching educational reforms that came to prominence in the 1980s
was based on studies of school effectiveness. Such research suggested that empiri-
cal documentation of ‘best practice’ could provide the basis for developing general
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principles and guidelines for policy initiatives in curriculum and pedagogy (e.g.
Harker & Tymms, 2004; Lo, 1999; Creemers & van der Werf, 2000). In reflecting
on this approach, Teddlie Stringfield and Reynolds (2000) noted that context had
been ignored in much of the effectiveness research. Their review of effectiveness
research included contextual variables (such as SES, community-type, grade level
and governance structure), and they found complex first-order and second-order
interactions between contextual factors. This suggests that effectiveness research
will not yield clear and consistent principles applicable across diverse contexts.
Rather, more multi-layered mediated models of teaching and learning appear to be
necessary to account for endemic and interacting contextual effects. Similar
research on educational implementation sought to identify the generalized princi-
ples for effective implementation (e.g. Morris & Scott, 2003; Yu, 2005). Another
group of researchers adopted a broader agenda of investigating educational change
and focused more on social and political issues that influence policy development
and construction (e.g. Law, 2003; Lee, 1999; Tan & Ng, 2007). All in all, these dif-
ferent lines of educational research offer us a better understanding of the processes
involved in any educational reform and alert us to the significance of local contex-
tual variables that will facilitate or hinder their implementation. However, we sug-
gest that the major drawback of the extant literature on educational effectiveness,
reform and change is the failure to conceptualize the relationship between the proc-
esses of change and student learning.

It is a challenge to theorize and research the relationship between educational
reforms and learning. This challenge is further complicated when the Asia-Pacific
context is being taken into consideration. The Asia-Pacific region includes coun-
tries of diverse cultures, religious beliefs, political orientations and peoples. It
contains countries that are situated in both ends of the economic spectrum; it con-
tains the richest and poorest countries measured in terms of GDP per capita.
Educational systems in countries such as Singapore, Hong Kong, Australia, New
Zealand and Japan are considered as more advanced and their students fare well in
international tests. In contrast, some of the less developed countries in the region,
such as China, are still struggling with the provision of basic education to their
children. The marked disparities and diversities of the nation states in the region
caution against seeking a one-model solution to educational problems. The mean-
ing of an educational reform hinges on the cultural, economic and political charac-
teristics of the society in which it is being carried out. The differences and diversity
in the region make it problematic to directly transfer a reform from one place to
another. There is certainly a need for us to examine diverse contextual factors
related to reforming learning in different countries within the region (Hallinger &
Kantanmara, 2001). At the crux of these complex considerations is how learning
and educational reforms should be related in a coherent conceptual manner. The
problem is that educational reforms are often seen as structural changes at different
levels within an educational system and therefore have seldom been related to indi-
vidual actions in the classroom. Embedded in this understanding of educational
reforms and learning is the conceptual difficulties involved in explaining how social
and individual planes are related.
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We propose, therefore, that the requirements of an adequate framework for link-
ing education reform and learning should include the following characteristics:

e It should focus primarily on learning outcomes for both students and their
teachers.

e It should assess how various educational reforms at different levels in the system
are related to everyday practices, in this case, learning and teaching activities in
the classroom.

e [t should analyse particular educational practices in relation to sociocultural and
contextual factors.

We argue that Activity Theory, developed from cultural-historical psychology, fits
these requirements. Activity Theory provides conceptual and analytical tools that
can be deployed to foreground linkages between educational reforms and learning
in the Asia-Pacific context.

3 Activity Theory as a Framework

Activity Theory has its roots in cultural-historical psychology proposed by Vygotsky
(1978) and Leont’ve (1978), and subsequently elaborated by European and North
American scholars and encapsulated now as Cultural-Historical Activity Theory or
CHAT (Wells & Claxton, 2002; Cole Engestrom & Vasquez, 1997). According to
Engestrom (2000), Activity Theory is a multi-disciplinary theory offering a frame-
work for understanding human activities in their context and provides a set of per-
spectives for linking social and individual planes, and therefore, it can ‘overcome the
aged dichotomies between macro and micro, mental and material, quantitative and
qualitative, observation and intervention’ (Engestrém, 2000, p. 961). In recent years,
it has been deployed in research on various kinds of socially embedded practices
such as the use of technology in higher education (Issroff & Scanlon, 2002), the for-
mation of identities (Roth, 2004), the design of online activities (Barab, Schatz &
Scheckler, 2004) and the provision of services for adolescents with emotional and
behavioural difficulties (Daniels & Cole, 2002). Limited efforts, however, have been
expended by Asia-Pacific researchers in applying the Activity Theory to the study
of educational reforms and their impact on learning.

Vygotsky’s contribution to the theory was primarily to explicate the social basis
of human consciousness. His work demonstrated that cultural tools such as lan-
guage, sign systems and speech genres (e.g. everyday versus scientific genres)
mediate human development and learning. The use of cultural tools is shaped by
relevant cultural contexts, which in turn, shape the development of the members in
a particular culture. Vygotsky did not show clearly before he died in 1934, how
social institutions and the engagement in different activities influence human learn-
ing and development. It was his colleague, A.N. Leont’ev, who drew our attention
to the close relationship between sociocultural activities and the development of
human consciousness.
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Leont’ve (1978) distinguished between operation, action and activity, as three
different levels of human practice. Operations are routine or automatized acts and
practices that we enact without paying much conscious attention. Actions are goal-
directed tasks that we engage in more consciously and intentionally. An activity is
a broader sociocultural frame within which actions and operations are nested.
Activities are systems of interrelated motives and social practices that become
institutionalized over time. Individual operations and actions are subordinate to an
activity and related by the same objects and motives. For example, the activity of
schooling is more than the acts of individual teachers and students in their class-
rooms. To understand schooling as an activity, we need to research the overarching
sociocultural motives that give meaning and direction to specific local practices.
Similarly, the reformative actions of individual teachers need to be understood in
relation to the immediate classroom context as well as the wider sociocultural and
historical milieu.

So how does Activity Theory frame the relationship between educational
reform and learning? We deploy Engestrom’s triangular representation of the tool-
mediated relationship between a subject and an object, situated in a system that
contains ‘rules’, ‘community’ and ‘division of labour’. ‘Rules’ are principles, val-
ues or norms that govern the structure of interaction and mediation. ‘Community’
refers to the collection of participants who share a common interest on the same
object or are involved in the subject—tool-object relationship. ‘Division of labour’
refers to how different roles, tasks and actions are being shared among members
within an activity system. Using this triangular representation, Engestrom shows
that tools, rules, community and division of labour are different focal points that
mediate the relation between different subjects and objects. Consequently, the
activity system is ‘the minimal meaningful context’ for understanding human
actions and development (Kuutti, 1996, p. 28). In other words, the basic unit of
analysis is expanded from a narrow focus on human action to encompass analysis
of interactions within the whole activity system.

Engestrom emphasizes that the interaction between various constituent compo-
nents in an activity system should be understood as involving contradiction, nego-
tiation and interpretation. The active engagement of community members and their
different initiatives in taking up and resisting specific practices, discourses and
reforms need to be foregrounded. This situates human agency within various con-
straints and affordances of communities, their practices and their tools.

4 Educational Reforms from Activity Theory Perspective

In this section, our aim is to delineate the conception of educational reforms
using Activity Theory. In order to do this effectively, we compare and contrast
the conception of educational reforms using Engestrom’s model of activity sys-
tem with that derived from a stage conception frequently used among policy-
makers and reformers.
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In the literature of policy analysis, educational reforms are often conceptualized as
involving different stages (e.g. Fullan, 1991; Levin, 2001). The relationship between
policy-makers, school administrators and teachers in a stage model of reform can be
likened to the operation of a factory production with policy-makers being responsible
wholly for the design process, school administrators overseeing the implementation at
the operation level, and teachers working faithfully at the chalk face to carry out the
reform. The designer—administrator—worker metaphor suggests a power relationship
biased towards the policy-makers. School administrators and teachers who hold other
views about a reform are often taken as a barrier to successful implementation. The
materials used in educational reforms, such as curriculum documents, are often under-
stood as instructions or prescriptions that teachers need to follow. The room for negotia-
tion is limited. As Timperley (this volume) highlights in her chapter, this approach to
reform is ineffective and does not ensure either transferability or sustainability of
reforms (see Law in this volume). In fact, Fullan (1991) has argued that stage-like
reforms often operate as rhetorical devices or public relations campaigns that have little
impact on how schools and classrooms are organized. The logic of the reform is also
challenged during implementation when the direction and the extent of change are
unpredictable or opposed to the intentions of the policy-makers (e.g. Morris, 2002).
There is always a pronounced gap between what the educational reformers intended and
how it is received and may have impacted on school and classroom practice.

From an Activity Theory perspective, the forms of exchange between policy-
makers, school administrators and teachers involve collaboration, negotiation, ten-
sions and conflicts. Similarly, students are not just receivers of the reform but also
negotiators of their interests during the reformative process (cf. Corbett & Wilson,
1995). Resistance to the reform within an activity system is assumed and is treated
as a positive force for driving changes. The materials used in a reform are often
treated as cultural tools to be appropriated. In other words, the implementation of
educational reforms is a negotiated process, mediated by various forms of tools,
rules and roles among members.

Educational reforms may address existing contradictions. However, they them-
selves are inherently a source of disturbance that stirs up contradictions and ten-
sions, rendering instability in an activity system. The traditional views consider
contradiction or resistance as a barrier to reform, which should be evaded. From an
Activity Theory perspective, contradictions are a driving force for change, which
should be approached in a positive manner. We have much to learn from Engestrom’s
research, which shows how contradictions can be located through talks, negotiation
and collaboration among participants of an activity system. It is through engaging
with contradictions that expansive transformation is possible; or to use the notion
of the zone of proximal development, it is working with contradiction that partici-
pants within an activity system can begin to forge new relationships and practices.

Examining educational reforms in this manner allows us to see educational
reforms not just as isolated plans of action or policy documents for solving a par-
ticular educational problem, but attempts to transform actions, scripts and prac-
tice of a stable system of collective activities as well as the rules, norms and
values governing them.
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Table 1 Conceptual comparison using stage model and Activity Theory

Stage Model

Activity Theory

Education reform is
defined as...

Teachers...
Students are...
Reformative materials

Systematic programmes of change
that involve several stages like
policy formulation, implemen-
tation and evaluation

Implementers of reforms

Receivers of reforms

To be acted upon (seldom discuss
the anticipated or required
changes in relationship and

Planned actions for transforming
existing stable practice that
inevitably lead to contradic-
tions, tensions, and calls for
new forms of interaction

Participants and actors

Participants and actors

As a mediation tool — instil new
forms of interaction and rela-
tionship

interaction among stakeholders)

Resistance Being taken as a barrier to reform  Being taken as positive forces
driving changes
Historicity Education reforms are discrete Educational reforms are part of

actions, solving immediate
problems or providing new
directions

Controlling the reforms

the historical development
of an activity system

One of the members in the
community sharing the
same object; members from
another neighbouring activity
system negotiating the object

Focusing on historical analyses
of reformative ideas and con-
textualizing changes.

Policy-makers

Research focus Implementation research and

evaluation studies

5 Linking Reforms and Learning: Two Levels
of Conceptualization

Following Engestrom (2000), the linkage between educational reforms and learning
can be conceptualized in two different levels — operating within the same activity
system and operating as separate but related neighbouring systems. The difference
between these levels of conceptualization lies in the understanding of the object of
the system. In the first level of linkage both reform and learning share the same
object while the second level of linkage involves a redefinition of the object.

The first level of conceptualization has both educational reforms and learning
actions classified as components operating within the same activity system. The
reformative action can be taken as congruent to the operation of an existing activ-
ity system in that it shares with learning and teaching activities the same set of
rules, community and division of labour in its operation. The most important con-
sideration in determining whether a particular reform should be classified as oper-
ating in the same activity system is basically determined by the extent to which a
particular reformative action and learning engagement share the same object and
work towards the shared outcome. In other words, only those reforms aimed
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directly at changing learning and teaching activities will be qualified for this clas-
sification. The introduction of a new curriculum, the use of new technology in
learning and teaching and the trial of an innovative pedagogical model are exam-
ples of this kind of reformative actions.

To understand the linkage between this type of reform and learning, we need to
explore the various forms of contradictions that a particular reformative action will
stir up in the activity system and to understand how its construction, development
and implementation are mediated through existing rules, and different roles of partici-
pation among members in the community. The focus, therefore, is on how students
and teachers appropriate the new tools made possible by the reform and to understand
the affordances and constraints originating from various nodal components of the
existing activity system in promoting or resisting the uptake of the reformative
ideas and actions. One point we need to stress is that while both reform and learning
share the object and outcome in an existing activity system, the reformative action
will inevitably lead to changes in the rules, norms and membership, and their role
definitions in the system.

To illustrate the linkage between a reform and learning within the same activity
system, we discuss the introduction of life-wide learning strategy in Hong Kong.
The educational reform in Hong Kong (Education Commission, 2000) has identi-
fied life-wide learning as a guiding principle and pedagogic strategy to promote
lifelong learning and whole person development. Life-wide learning is defined as
learning in real-life and authentic settings. The main purpose of this pedagogic
strategy is to provide enriched learning experiences related to the school curriculum
and to extend learning beyond the confines of classroom through tapping the
resources in the community. In response to the calls for change, schools began to
organize outside-classroom learning activities such as museum visits, trips to the
mainland and elsewhere, and participating in international competition.

The extent to which this new pedagogic idea can be implemented effectively
depends not just on the goodwill of reform-minded teachers. From an activity per-
spective, the injection of this innovative pedagogic idea to the existing Hong Kong
classrooms requires changes in the norms governing the understanding of effective
teaching and learning; the inclusion of new partners; and the role definitions of
teachers, students and community partners in the process of schooling. This innova-
tive pedagogic strategy relies much on students’ active participation, the resources
for learning, and careful planning from teachers and community partners. These
requirements are incongruent with the existing pedagogical arrangement com-
monly found in Hong Kong schools, which are characterized by teacher-centred
classrooms, tight curriculum control and textbook-based learning. Without appro-
priate changes in these aspects of the system, life-wide learning will be reduced
to another form of extra-curricular activity or simply a change in the locale of learn-
ing without significant impact on students’ knowledge acquisition and personal
development.

Another concern of this form of pedagogic strategy is to evaluate it from the per-
spectives of different student groups. To the extent that some of the life-wide learn-
ing activities will incur extra costs for parents, students coming from disadvantaged
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backgrounds may not be able to participate in this reform process. Life-wide learn-
ing, which is supposed to provide students with life enrichment experiences, may
unintentionally foreground the plight of the disadvantaged groups.

The second conceptualization takes education reforms and learning as two sepa-
rate but related activity systems within the collective activity of schooling. The
linkage between this kind of educational reforms and learning will take the form of
indirect disturbance through redefining the object and outcome, and subsequently
new requirements or considerations passed over to various nodal components
within the learning/teaching activity system from the activity system in which the
reformative action originates.

The introduction of new professional standards for teachers in the Australian
state of Queensland is a good example of how learning is linked with reformative
actions operating in a separate but related activity system. The Queensland College
of Teachers published a new set of professional standards in 2007, which spelt out
10 important attributes teachers need to develop in order to gain entry to the teach-
ing profession and maintain their continuing registration (Queensland College of
Teachers, 2006). The 10 professional standards are clustered in three areas — teach-
ing and learning, building relationships, and professional reflection and renewal.

These professional standards suggest a vision of learning and teaching that overtly
focuses on: (i) creating a challenging learning environment that values diversity; and
(ii) effectively developing and assessing students’ literacy and numeracy skills. The
professional standards also spell out a vision for a school community that builds on
the collaboration between professional teachers and the support of families and com-
munities in order to maintain a safe and caring learning environment for students. The
commitment to continuous professional reflection and renewal is vital for maintain-
ing these standards, and therefore has been identified as the final standard in the list.

The design, development and implementation of these professional standards
involved consultation with representatives from the government, Catholic and
independent schools, employing authorities, universities, teacher unions, Queensland
Studies Authority and the Board of the Queensland College of Teachers. The profes-
sional standards were articulated within the context of the future needs of students in
midst of the rapid social, economic, technological and cultural changes. Another
consideration was the call for the establishment of explicit standards governing the
entry to and continuation of membership in the teaching profession (Queensland
College of Teachers, 2006).

It is apparent from what we have described above that these professional standards
need to be conceptualized as a distinct activity system in education, which involves a
different set of rules or concerns that governs its development, the membership of
stakeholders and the construction of their roles. The subject in this activity system is
the Queensland College of Teachers and the object is the population of teachers in
Queensland and their professional attributes. This system should be distinguished
from the activity systems that govern the daily learning and teaching activities in
Queensland schools. Nevertheless, these two systems are related, and according to
Engestrom (2000), the overlap occurs in the definition of teachers’ standards and their
implications for what counts as effective learning and teaching in Queensland schools.
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It is through redefining the object and outcome that these separate activity systems
come to share a communal motive that provides ‘continuity, coherence and meaning’
for reform actions as well as for daily engagement in teaching/learning activities in
classroom. The process of redefining the object and outcomes needs to be understood
in light of respective rules, participants, role specifications and their complex dynamic
interaction in these two overlapping activity systems.

Common to both conceptualizations of the linkage between reform and learning
is the notion that the linkage between reformative actions and learning needs to be
assessed within the context of either the immediate activity system or overlapping
systems. The influence on learning is understood as contradiction and disturbance
either from within an activity system or brought across from an interacting activity
system. The conceptualization of these two forms of contradictions is in line with
a Vygotskian understanding of the relationship between social and individual
psychological planes, and the mediated processes that link them together.

6 Four Critical Lenses for Research

To explore effectively the conceptual linkage between reforms and learning that were
discussed in the previous section, there is a need to direct our discussion using several
critical lenses central to Activity Theory. In the following section, we discuss four
lenses that educational researchers should consider when exploring the relationship
between educational reforms and learning. These lenses are consistent with the five
principles on researching activity systems that Engestrom proposed: activity system
as a unit of analysis, multivoicedness, historicity, contradiction and expansive trans-
formation (Engestrom, 1999, 2001). They are also in tune with major theoretical ten-
ets of sociocultural theories (e.g. Cole, 1998). The four critical lenses are:

1. Educational reforms are reformative actions introduced into an activity system.
Their influence on learning and teaching needs to be assessed using both indi-
vidual and interacting activity systems as a basic unit of analysis.

2. Educational reforms deal with stable cultural practice in the schooling activity
that has developed over an extended period of history. To understand how learn-
ing and teaching will be affected or how they should relate to a specific reforma-
tive action, a historical analysis is required of the continuity of existing practices
and the possible assimilation of the new actions into the existing system.

3. Members within an activity system will hold diverse views of a reformative
action. An understanding of diverse perspectives held by members within a par-
ticular activity system is essential for the design, promotion and implementation
of an educational reform.

4. Educational reforms means disturbance to existing practice. Contradictions and
tensions will be aroused because of the introduction of an educational reform.
Contradiction is seen as a driving force in the successful implementation of an
educational reform.
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In the section below, we elaborate further on these important lenses. Examples in this
volume will be quoted to illustrate the points we have made in the discussion below.

6.1 Lens 1: Basic Unit of Analysis

We need to place a particular reform in the context of either an activity system or
interacting systems. This act of contextualizing will lead us to consider a reforma-
tive action in light of:

1. The mediated action between subject and object

2. Affordances and constraints originated from the rules, communities and division
of labour

3. Contradiction aroused from the redefinition of object between interacting
activity systems

We illustrate our discussion of these three forms of contextualized analyses using
the reform of ICT in Asia-Pacific context. The use of information technology in
education has been one of the most widely pursued areas of educational reform in
the Asia-Pacific region. Countries such as Hong Kong, Singapore, Taiwan,
Australia and New Zealand have established policies and clear guidelines for inte-
grating ICT into classroom.

To incorporate ICT into classroom learning and teaching means that both teach-
ers and students are able to deploy these tools in their activities and interaction with
each other. Micro-analyses need to focus on factors such as students’ and teachers’
perceptions about ICT and their readiness to adopt it, the effective use of ICT in
specific classroom activities, and the interactive skills and strategies ICT requires.
For example, Lim and Chai (2004) demonstrated that it is important for teachers to
plan and put in place orienting activities such as organizing introductory sessions
to ICT tools in order to support students’ autonomy in using the new technology.
Bahr and Babhr (this volume) provided empirical results to support their claim that
the appropriation of informative skills will hinge on the design of learning task.
More specifically, their studies showed that cognitive load will be an important
factor for teachers to consider when incorporating ICT into their classrooms.
In other words, to understand whether the introduction of this new technology will
affect learning and teaching, we need to understand different factors that affect its
appropriation. Goos (this volume), based on sociocultural perspective, discussed
how a sociocultural frame of reference can be used to assess teachers’ use of
graphic calculators in Australian schools. Such an analytical tool will definitely
help improve our understanding of how the use of ICT mediates the relationship
between teachers (subject) and students (object).

To place the mediated relationships associated with ICTs in a wider context,
various constraints and affordances may originate from different constituent com-
ponents of an activity system. One of the most important considerations is the
rules or norms governing the notion of effective learning and teaching in different
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places within the region. If the introduction of the new technology does not fit
well with existing norms governing how learning or teaching should be delivered
in an educational site, contradictions can be expected. For example, Goos (this
volume) attributed the failure of a pre-service teacher experimenting with the use
of graphic calculators during her practicum to the incongruence between the
established model of teaching and learning and that required by the new tools.
Goos explained that the prevailing teacher-centred transmissive approach to
teaching in the school community was not in tune with some of the requirements
for effective use of graphic calculators such as student-centredness and problem-
based approach to learning. In addition, Goos pointed out that students were
unmotivated to spend time on the new tools because they were more concerned
about passing assessment tasks and meeting the requirements of the curriculum.
A similar result was reported in Yuen (this volume). Based on interview data,
Yuen argued that the demand for achievement and the focus on learning products
among Hong Kong students explained why some students were unmotivated to
learn with the online platform for science.

The implementation of ICT in the Asia-Pacific region may not be as smooth
as originally intended. The technology reform brings to the fore important con-
siderations such as access, availability and capability. Goos discussed important
factors such as the training of teachers and institutional characteristics in the
implementation of new technology. This discussion suggested the need to evalu-
ate the implementation of the new tool in light of separate but related activity
systems, such as those governing the professional development of teachers and
the development of school culture. For example, teachers’ effectiveness in incor-
porating the new technology in their classroom depends on the extent to which
they are confident and fluent in using it.

6.2 Lens 2: Historicity and Continuity

To widen our discussion of the unit of analysis, we need to acknowledge that all
activity systems, including their constituent elements, evolve over an extended
period and will probably continue their development into the future. In this sense,
it is important to ground the analysis of a particular educational reform in an
activity system in different temporal moments — historic, current and future.
Activity Theory focuses our understanding on the various mechanisms that sus-
tain the continuity of a specific collective activity and its associated cultural and
social practices. From this perspective, various forms of changes can be consid-
ered as inherent parts of an evolving activity system. Educational reforms look
backward to deal with something that requires modification in the historical
development of a practice; they can also be taken as attempts to modify the exist-
ing practice in order to deal with emerging challenges in the future. In other
words, historicity and continuity are also important considerations for educa-
tional reforms using the notion of activity system.
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Every reform deals with a problem or an issue that has its own evolution
within the context of its own education system. Any reformative action designed
without a careful consideration of the evolution of an activity system and its
likely future development may end up with rejection. Bernardo and Mendoza
(this volume) discussed the current curriculum reform in the Philippines. They
pointed out that the lack of consideration on the historical development of the
curriculum and teachers’ established perceptions about it had caused enormous
resistance in the implementation.

Poon’s discussion of the medium of instruction policy in Hong Kong is
another example that shows the importance of the notion of historicity and con-
tinuity. A medium of instruction can be understood as an ideational artefact (in
this case the use of English as the medium of instruction in a Chinese society)
developed in the cultural past, carrying its meaning across time and influencing
the present and the future development of the policy on medium of instruction.
Her proposal for a bilingual education can be taken as a way to acknowledge the
historical significance of English in Hong Kong, the current renewed interest in
Chinese after the political handover and the importance of English as an inter-
national language for Hong Kong.

6.3 Lens 3: Multivoicedness

Activity systems are goal-directed. These goals are taken as shared motives within
an activity system, which can be represented differently at individual levels.
Through interaction enabled by various forms of tools and mediated relationships,
human participants in an activity system will develop their skills, knowledge,
understanding and identities, as well as redevelop those of others. Strategies for
achieving or promoting the shared motive can also vary. If members within an
activity system hold different perspectives, beliefs and understanding of the object,
then pathways for its promotion may differ. It is critical, therefore, for us to adopt
the lens of multivoicedness in our analysis of the linkage between reform and
learning.

The notion of multivoicedness involves not only different perspectives but also
power and control. One of the important considerations is whose voice is being
represented in a particular reform and it is critical for us to understand the various
events or factors that have contributed to its dominance. The current educational
reforms in most of the nation states in the Asia-Pacific region privileged the
economic voice. The notion of ‘future effectiveness’ (Cheng, 2003) has steered the
development of these reforms. This is understandable because these reforms were
formulated in the wake of the Asian economic crisis in late 1990s. Promoting learn-
ing has been taken as the prime solution for the future economic challenges. The
Singaporean government packaged their response through the Thinking Nation
reform. The development of creativity and thinking skills was called for as a strat-
egy for promoting future effectiveness. Yeong and Ng (this volume) warned us that
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we need to take heed to the voices of Singaporean teachers, parents and students in
order to implement the reform effectively.

The inclusion experience in New Zealand provides us with another example as
to why it is so critical to consider multiple perspectives. Liberty (this volume)
described how special education in New Zealand had moved from one based on a
deficit-medical model of exclusion to a needs-based model of inclusion. This radi-
cal shift in the special education activity system involves a fundamental change in
‘the rules’ governing the provision of educational services for students with learn-
ing differences. Liberty documented resistance from school teachers and principals,
parental distress and choice. These different voices were heard and adjustments
were made to the reform. Her chapter clearly demonstrated how parents’ choice has
become more central in the process of reforming the learning of students with spe-
cial needs in New Zealand. It also revealed in a rather subtle manner that some par-
ents crafted an identity that they too should be accorded an ‘expert’ status when
making decisions about the education of their children with special needs.

6.4 Lens 4: Contradiction and Transformation

Multivoicedness inevitably begets contradictions and tensions. From an Activity
Theory perspective, contradictions are important dynamic forces driving the con-
tinuous development of an activity system. To instil change through reform actions,
contradictions and tensions should not be considered as opposite or negative
responses but be seen as inherently positive impulse for change. At the action level,
individuals can challenge the system and the tensions aroused between individuals’
preferences or intentions and the socially and culturally mediated object of activity
may become starting points of change and transformation.

The work of Archer (this volume) highlighted the importance of contradiction
when the goals for learning of different groups of students are taking into consider-
ation. In particular, Archer argued that the innovative pedagogical model designed
for promoting learning and engagement for students in New South Wales will meet
with less success among students coming from traditionally disadvantaged back-
grounds. To the extent that students’ goals for learning in school contradict or are
incongruent with the intended goals specified in the innovative pedagogic model,
the journey for this change may be less smooth.

The most apparent contradiction happens when different but related activity
systems meet or cross over each other. Engestrom (2000) demonstrated this form
of interaction in his studies of medical organizations in Finland. He explained that
this form of contradiction is ‘dangerous’ but is a potential force for expansive learn-
ing and transformation and development of new or reformed practice. This argu-
ment applies well to educational reforms, especially for those reforms that we
thought may have more indirect impact on teaching and learning. For example,
Timperley and colleagues (this volume) explained in their chapter how a new form
of professional development was developed in New Zealand. The new model of
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professional development is based on professional collaboration involving both
teachers and university experts working on significant issues in the school.
Timperley argued that this form of collaboration based on equitable interaction,
sharing and empirical evidence collected on the site by both parties had been well
received in the teaching community in New Zealand. This renewed practice was
developed in order to replace the old model in which educational researchers posi-
tioned themselves as experts in a teachers’ own professional territory— the class-
room. Though they did not discuss the conflicts or contradictions between local
teachers and university researchers explicitly, some tensions and perhaps conflicts
can be assumed. The teachers who worked in their own learning-teaching systems
could claim intimate knowledge regarding their students, curriculum in action and
school environment. The researchers on the other hand would draw upon their
expertise from their own system through access to research and information and
theoretical knowledge on curriculum. Working with the shared object for improv-
ing learning and teaching, these two groups of ‘experts’ might have approached
their task differently. The renewed practice Timperley described and implemented
represents a new approach to teacher development evolved out of the past practice
and can be considered as a product of contradiction prompted solution. Future
efforts are needed to document the change processes and the contradictions involved
in the development of this renewed practice.

7 Conclusion

Recent reforms in Asia-Pacific region have sought to answer educational problems
using the development of new technology, formal testings, curriculum change,
academic restructuring and new management practice. These strategies are thought
to be responsive to future challenges posed by globalization. Nevertheless, educa-
tional researchers in the pursuit of responsiveness to future challenges may have
overlooked cultural-historical embeddedness of educational practice, resulting in
the injection of reform actions without thoughtful consideration of the importance
of continuity and contextual considerations In this chapter, we have shown that
Activity Theory can be used as a framework for conducting a cultural-historical
analysis of the reforms and their possible links with learning.

In conclusion, it is our hope that the design and evaluation of educational
reforms in the Asia-Pacific region, will draw upon Activity Theory more frequently
to enable analysis of specific aspects of the whole system, taking into account
continuity, dialogicality and multivoicedness. Activity Theory takes into account
the changing context that gives meaning to individual or collective reformative
actions, to the construction of outcomes or the definition of new object, and to the
development and appropriation of new tools that mediate the actions and collaborative
processes among individual members. The introduction of a reform action that
attempts to change existing practice or various social structures that support it
needs to be evaluated and analysed within the historic development of associated
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tools, artefacts, norms, rules, and roles among participants. While the current trend
of educational reforms in most of the places within the Asia-Pacific region has been
triggered by common forces such as globalization, technological development and
economic transformation, we remind our readers that tremendous diversity and dif-
ference exist among educational systems within the region. This consideration cau-
tions against the borrowing of reformative ideas from another educational system
without analysing the existing cultural systems in which learning activities take
place and the dynamic processes that substantiate them.
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Reforming Mathematics Education: Theorising
Teachers’ and Students’ Use of Technology

Merrilyn Goos

Abstract For some time, education researchers and curriculum policy-makers in
Australia and elsewhere have recognised the potential for mathematics learning to
be transformed by technologies such as computers and graphics calculators, and
every Australian State and Territory has now developed mathematics syllabuses
that mandate the use of these resources in high stakes assessment at the end of sec-
ondary school. This chapter explores the impact of these technology-related
reforms on mathematics learning and teaching in the Australian context by analys-
ing examples of classroom practice and teacher learning, and development drawn
from a series of socioculturally oriented research studies. Its purpose is to interro-
gate assumptions about relationships between access to technology, its use by
teachers, and the nature of students’ technology-aided learning.

1 Introduction

Mathematics, science, and technology education in Australia is currently experi-
encing major impetus for innovation and reform. The Australian Government’s
policy statement on educational innovation (Commonwealth of Australia, 2001)
and its recent inquiry into the quality of the teaching profession (Commonwealth
of Australia, 2003) emphasise that Australia’s future lies in its potential as a knowl-
edge-based society built on the intellectual capabilities and creativity of its people.
Teachers and students are expected to become partners in a learning society under-
pinned by science and mathematics, and successful schools are portrayed as those
that draw on the resources of technology to facilitate learning.

Throughout Australia there are moves to encourage — and in some cases mandate
— the integration of information and communication technologies (ICTs) into school
education through curriculum initiatives, funding for infrastructure, and the develop-
ment of professional standards for teachers. Facility with ICTs is regarded by most
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State and Territory education authorities as one of the essential capabilities that
young people should acquire in order to participate successfully in contemporary
social, economic, and cultural life (e.g., Department of Education and the Arts,
Queensland, 2004; Freebody, 2005; Victorian Curriculum and Assessment Authority,
2004). Frameworks for professional teaching standards that describe what teachers
need to know, understand, and be able to do also refer to integration of ICTs as an
essential aspect of teachers’ professional knowledge and practice (e.g., see the stand-
ards frameworks developed by the New South Wales Institute of Teachers, 2005, and
the Department of Education and the Arts, Queensland, 2003). Significant funding
has also been committed to providing better network infrastructure and access to
improve teachers’ capacity to manage the curriculum through ICTs (e.g., the Smart
Classrooms initiative of the Department of Education and the Arts, Queensland,
2005). In the current context of educational policy-making it seems to be assumed
that supplying schools with hardware and software will increase teachers’ use of
technology and encourage more innovative teaching approaches that produce
improved learning outcomes for students. Yet internationally there is research evi-
dence that improving teachers’ access to educational technologies has not, in gen-
eral, led to increased use or to movement towards more learner-centred teaching
practices (Cuban, Kirkpatrick & Peck, 2001; Wallace, 2004).

Windschitl and Sahl (2002) have identified two factors that appear to be crucial
to the ways in which teachers might embrace, ignore, or resist technology. First,
teachers’ use of technology is mediated by their beliefs about learners, about what
counts as good teaching in their institutional culture, and about the role of technol-
ogy in learning. Second, school structures — especially those related to the organisa-
tion of time and resources — often make it difficult for teachers to adopt
technology-related innovations. Clearly then, there is a need to interrogate assump-
tions about relationships between access to technology, its use by teachers, and the
nature of students’ technology-aided learning. The chapter addresses this task by
offering a framework for theorising interactions between pedagogical beliefs,
school structures, and other factors that might influence technology use by teachers
and students in mathematics classrooms together with analyses of several examples
of classroom practice and teacher learning and development drawn from a series of
socioculturally oriented research studies carried out in Australian schools.

2 Theoretical Framework

2.1 The Mathematics Classroom as a Site for Technology
Integration

For some time education researchers have recognised the potential for mathematics
learning to be transformed by the availability of technology resources such as com-
puters, graphics calculators, and the internet (see Arnold, 2004; Forster et al. 2004;
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Goos & Cretchley, 2004 for recent reviews of Australasian research). These tech-
nologies offer new opportunities for students to communicate and analyse their
mathematical thinking by enabling fast, accurate computation, collection and analy-
sis of data, and exploration of the links between numerical, symbolic, and graphical
representations (Hennessy, Fung & Scanlon, 2001). In Australia and internationally,
teacher organisations recommend giving priority to the use of technologies as natu-
ral media for mathematics learning, while recognising that effective support for
teachers is a key ingredient in exploiting technology to enhance learning (Morony &
Stephens, 2000; National Council of Teachers of Mathematics, 2000).

Although every Australian State and Territory has now developed mathemat-
ics syllabuses and assessment regimes that mandate the use of technology (e.g.,
Queensland Studies Authority, 2008), the support that teachers need for mean-
ingful technology integration is often lacking. A recent survey of Queensland
secondary mathematics teachers (Goos & Bennison, 2004) found that while
most were convinced of the advantages of technology in performing calculations
more quickly and easily, many were unsure whether technology really helped
students to understand mathematical concepts or explore unfamiliar problems.
This uncertainty was reflected in their expressed desire for professional develop-
ment on how to plan activities that combine technology with mathematical
concepts in order to meaningfully incorporate technology into lessons. One
respondent commented that professional development should involve ‘more of
why and less of how’ to use technology in mathematics teaching. These findings
highlight the need for frameworks to describe, theorise, and interpret the ways
that teachers and students engage in technology-enriched learning activities.

2.2 Theorising Technology-Enriched Mathematics Teaching
and Learning

Early research in this area examined the effects of technology use on students’
mathematical achievements and attitudes and their understanding of mathematical
concepts, often using quasi-experimental designs that compared technology and
non-technology users (see Penglase & Arnold, 1996, for a review of ‘first wave’
research on graphics calculators). However these studies were based on the assump-
tion that the same instructional objectives and methods are valid for both pen and
paper and technology-enriched tasks, and they did not distinguish between the use
of technology and the context of that use. In fact, few studies have investigated how
students use technology to learn mathematics in specific classroom contexts, and
how their teachers learn to integrate technology into their classroom practice. Those
studies that have focused on students’ learning have taken contrasting approaches,
for example, analysing technology use from a mathematical standpoint (Doerr &
Zangor, 2000), in terms of profiles of student behaviour (Guin & Trouche, 1999),
or from the perspective of classroom interactions (Farrell, 1996). Little attention
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has been given to issues of pedagogy and the nature of tfeachers’ professional learn-
ing within and beyond the school environment (Windschitl & Sahl, 2002).

To address some of the issues raised above, my colleagues and I have carried out
over several years a series of studies informed by sociocultural theories of learning
and involving teachers and students in Australian secondary school mathematics
classrooms (see Galbraith & Goos, 2003; Goos, 2005; Goos et al., 2000, 2003).
Sociocultural theories view learning as the product of interactions with other people
and with material and representational tools offered by the learning environment.
Because it acknowledges the complex, dynamic, and contextualised nature of learn-
ing in social situations, this perspective can offer rich insights into conditions
affecting innovative use of technology in school mathematics.

In our research programme Valsiner’s (1997) zone theory, originally designed as
an explanatory structure in the field of child development, was adapted to apply to
interactions between teachers, students, technology, and the teaching-learning envi-
ronment. This framework extends Vygotsky’s concept of the Zone of Proximal
Development (ZPD) — often defined as the gap between a learner’s present capabili-
ties and the higher level of performance that could be achieved with appropriate
assistance — to incorporate the social setting and the goals and actions of partici-
pants. Valsiner describes two additional zones: the Zone of Free Movement (ZFM)
and Zone of Promoted Action (ZPA). The ZFM structures an individual’s access to
different areas of the environment, the availability of different objects within an
accessible area, and the ways the individual is permitted or enabled to act with
accessible objects in accessible areas. The ZPA represents the efforts of a more
experienced or knowledgeable person to promote the development of new skills.
For learning to be possible the ZPA must be consistent with the individual’s poten-
tial (ZPD) and must promote actions that are feasible within a given ZFM.

In the case of student learning the ZFM is fashioned by environmental con-
straints such as the particular learning experiences provided and the types of
resources these incorporate, and the ‘rules’ by which the classroom is run. The ZPA
is designed by the teacher to provide access to sets of activities, objects, or areas in
the environment in respect of which students’ learning is being promoted. When we
consider feachers’ professional learning, the ZFM can be interpreted as constraints
within the school environment, such as students (their behaviour, motivation, per-
ceived abilities), access to resources and teaching materials, and curriculum and
assessment requirements, while the ZPA represents opportunities to learn from pre-
service teacher education, colleagues in the school setting, and professional
development.

Previous research on technology use by mathematics teachers has identified a
range of factors influencing uptake and implementation. These include: skill and
previous experience in using technology; time and opportunities to learn (pre-service
education, professional development); access to hardware and software; availability
of appropriate teaching materials; technical support; institutional culture; knowledge
of how to integrate technology into mathematics teaching; and beliefs about math-
ematics and how it is learned (Fine & Fleener, 1994; Manoucherhri, 1999; Simonsen
& Dick, 1997; Walen, Williams & Garner, 2003). In terms of the theoretical framework
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outlined above, these different types of knowledge and experience represent elements
of a teacher’s ZPD, ZFM, and ZPA, as shown in Table 1. However, in simply listing
these factors, previous research has not necessarily considered possible relationships
between the teacher’s setting, actions, and beliefs, and how these might change over
time or across school contexts. Zone theory provides a framework for analysing these
dynamic relationships.

From a sociocultural perspective, technologies such as computers and graphics
calculators are cultural tools that not only reorganise the way that students think but
also transform classroom social practices (Berger, 1998). Our previous research
(Goos et al., 2003) developed metaphors to describe various modes of working with
technology. Teachers and students can see technology as a master if their knowledge
and competence are limited to a narrow range of operations. In the case of students,
subservience may become dependence if lack of mathematical understanding pre-
vents them from evaluating the accuracy of the output generated by the calculator or
computer. For teachers, lack of knowledge and experience can make them reluctant
to allow students to use technology to explore new mathematical concepts.

Technology is a servant if used by students or teachers only as a fast, reliable
replacement for pen-and-paper calculations. That is, technology is a supplementary
tool that amplifies cognitive processes but is not used in creative ways to change the
nature of activities. However, when teachers develop an affinity for technology as a
partner, there is potential for increasing the power that students exercise over their
learning by providing access to new kinds of tasks or new ways of approaching exist-
ing tasks. For students, this cognitive reorganisation effect may involve using technol-
ogy to facilitate understanding, explore different perspectives, or mediate mathematical
discussion in the classroom. Technology becomes an extension of self when seam-
lessly incorporated into the user’s pedagogical or mathematical repertoire, such as
through the integration of a variety of technology resources into course planning and
the everyday practices of the mathematics classroom. These metaphors can be used
to gauge the effectiveness of technology integration within mathematics classrooms
in terms of qualitative differences in the nature of students’ technology-mediated
learning experiences and in the pedagogical approaches taken by their teachers.

Table 1 Factors affecting technology usage

Valsiner’s Zones Elements of the Zones

Zone of Proximal Development  Skill/experience in working with technology
Pedagogical knowledge (technology integration)
General pedagogical beliefs

Zone of Free Movement Access to hardware, software, teaching materials
Support from colleagues (including technical support)
Curriculum and assessment requirements
Students (perceived abilities, motivation, behaviour)

Zone of Promoted Action Pre-service education (university programme)
Practicum and beginning teaching experience
Professional development
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3 The Research Programme

The research programme referred to above has investigated relationships
between factors influencing how teachers use technology in the mathematics
classroom, and relationships between teacher use of, and student learning with,
technology. Examples from three separate studies are analysed later in the
chapter. An outline of the research design and methods for each study is pro-
vided below.

3.1 Study A: Technology, Pedagogy, and Student Learning

This study examined how technology enters into the mathematical and pedagogical
practices of students and teachers (Goos et al., 2000, 2003). Data collection over 3
years from 1998 to 2000 involved five senior secondary mathematics classrooms
from three schools in a large Australian city. Students participating in the study
were in either Grade 11 or Grade 12, the final 2 years of secondary schooling, and
were 15-17 years old. While at the time of the study the approved mathematics
syllabuses did not yet mandate the use of graphics calculators and computers,
teachers were strongly encouraged to make use of these technologies wherever
appropriate. All classes had ready access to graphics calculators as well as desktop
or laptop computers equipped with generic and mathematical software.

Since the aim of the study was to investigate students’ and teachers’ use of technology
in specific classroom environments, research methods drew on ethnographic techniques
such as participant observation, interviews, survey instruments, and collection of video-
and audio-taped records. At least one lesson every week was video-taped and observed
for each participating classroom, and selected segments of the tapes were transcribed for
later analysis. Field notes of each lesson were also kept to record details of classroom
tasks, teacher actions, and student actions involving technology usage. Audio-taped
interviews were conducted with individuals and groups of students to examine the extent
to which they thought technology contributed to their understanding of mathematics, and
their perceptions of how technology changed the teacher’s role in the classroom. At the
beginning and end of Grade 11 and the end of Grade 12 students also completed a ques-
tionnaire on their attitudes towards technology and its role in learning mathematics (see
Geiger, 2005, for details of questionnaire instruments and findings).

As we intended to inductively derive theory from data, classroom observation
was initially exploratory in nature but became increasingly focused and selective as
patterns emerged in the data. A consequence of this process was the testing and pro-
gressive refinement of the categories used to interpret the data in the light of further
observations, interviews, and students’ questionnaire responses. From this process
emerged the four metaphors of technology as master, servant, partner, and extension
of self that were used to frame analysis of classroom interactions. Following the
adaptation of Valsiner’s zone theory for use in the later studies described below,
some of this classroom data were re-analysed using zone concepts.
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3.2  Study B: Technology-Focused Professional Development

The second study, conducted in 2001, aimed to analyse processes through which
mathematics teachers learned to use technology as an educational resource (Galbraith
& Goos, 2003). Participants were a group of ten experienced teachers who volun-
teered for a training programme that prepared them to deliver professional develop-
ment workshops on the use of graphics calculators. The training programme,
conducted intensively over a single weekend, drew on the findings of Study A in
emphasising teaching roles that treated technology as a partner that facilitates class-
room discussion rather than a servant that simply replaces pen-and-paper calcula-
tions. These sessions engaged participants as learners in technology-rich activities
that could be used in secondary school classrooms, and in discussion of associated
teaching and learning issues. Many of these activities had been observed in the class-
rooms participating in Study A, and one of the teachers in this earlier study helped to
present the training programme. All sessions were recorded on video-tape.

During the year we then followed the progress of three of the teachers who subse-
quently delivered professional development workshops at conferences or in their own
schools, and interviewed them on how their views about technology had been affected
by the training programme. In December 2001, we observed several sessions of a two
day technology workshop organised and presented by one of these teachers in her role
as Mathematics Head of Department for the benefit of mathematics teaching staff in
her school. We interpreted this teacher’s professional learning experiences using
Valsiner’s zone concepts as well as the technology metaphors developed in Study A.

3.3 Study C: Technology and Beginning Teachers

The main aims of the third study were to identify factors that influence how begin-
ning teachers integrate computers and graphics calculators into their mathematics
teaching practice, and to identify the modes of working with technology they adopt
(Goos, 2005). The longitudinal design followed successive cohorts of pre-service
students into their first years of teaching from 2000 to 2004. Participants in each
year comprised the full cohort of Bachelor of Education students specialising in
secondary mathematics education at a university in a large Australian city (typically
n = 20 students per year). A feature of this course is the regular and intensive use
of the internet, graphics calculators, and computer software, and exploration of the
possibilities offered by these technologies for mathematics teaching.

The research design had two components: a cohort study of the group as a
whole; and individual case studies of selected participants. In the cohort study all
participants completed (a) a survey of their practicum schools to record information
on the availability of technology resources, how often these were used in mathe-
matics lessons, and for what purposes; and (b) a questionnaire administered at the
start and end of the course that investigated their beliefs about the nature of mathe-
matics, mathematics teaching, and mathematics learning.
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Case studies captured developmental snapshots of experience during the final
practice teaching session and towards the end of the first and second years of full-
time teaching. Four to six cases were selected from the new pre-service cohort each
year to sample practicum school settings that differed in terms of the ZFM (institu-
tional context) and ZPA (supervising teacher approaches) they offered. These par-
ticipants were also chosen because of the interest and skills they demonstrated in
using technology and the beliefs they expressed about student-centred, inquiry-
based approaches to teaching mathematics (ZPD). It was anticipated that their expe-
riences in schools could provide insights into how they dealt with obstacles or took
advantage of opportunities in incorporating technology into their pedagogical reper-
toire. They were visited in their schools at the times described for lesson observa-
tions, collection of teaching materials, and audio-taped interviews. Interviews had
both a specific focus on the pedagogical beliefs that influenced the goals and meth-
ods of the observed lessons, and a more general focus on the opportunities partici-
pants had to use technology in mathematics lessons, their perceptions of constraints
and opportunities affecting their use of technology, and their views on the influence
of technology on mathematics curricula, learning, teaching, and assessment.

Analysis of classroom observations and teaching materials was guided by the mas-
ter, servant, partner, and extension of self metaphors to describe modes of working with
technology, while responses to surveys, questionnaires, and interviews were categorised
as representing elements of participants’ ZPDs, ZFMs, and ZPAs. This approach ena-
bled exploration of how personal, contextual, and instructional factors came together to
shape novice teachers’ pedagogical identities as users of technology.

4 Selected Findings: Technology Access, Teacher Use,
and Student Learning

4.1 How Is Teachers’ Use of Technology Related to Students’
Learning?

Study A provided contrasting examples of how teachers used technology in mathe-
matics classrooms and the implications this has for students’ learning. Valsiner’s
zone theory and metaphors for modes of working with technology were applied to
interpret these relationships.

4.1.1 Teacher Use of Technology Constrains Student Learning

Jack was Head of the Mathematics Department in a large suburban secondary school
participating in Study A. He was active in organising professional development semi-
nars for his staff and teachers from neighbouring schools, and had equipped his own
department with a range of technology resources including computers, software,
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and graphics calculators. However, he admitted limited expertise in using technology
himself for teaching mathematics. He often countered his own lack of confidence by
calling on a recognised student ‘expert’ to demonstrate graphics calculator proce-
dures via the overhead projection unit. While the teacher lacked personal autonomy
in the use of technology (suggesting that technology had the role of master), he
nevertheless retained tight control of the lesson through the medium of the student
presenter (thus technology was used as a servant) — often to the extent of providing
the mathematical commentary and explanations accompanying the student’s silent
display. Even when the student instructed the class on calculator keystrokes, Jack’s
voice could still be heard in the student’s articulation of carefully controlled, step-by-
step procedures consistent with his preferred methods. Ultimate authority rested with
the teacher, who remained reluctant to allow students to use technology to explore
mathematical territory that was unfamiliar or outside the immediate lesson topic.
The edited excerpt below illustrates how Jack introduced his students to the use
of graphics calculators in order to learn about some features of quadratic functions.
Figure 1 provides sample screen pictures from the graphics calculator display.

Jack: Do not turn on the calculator until directed to do so and do only what
I ask you to. If you get lost following the OHP demonstration unit raise your
hand immediately.

(Demonstrates procedure for clearing calculator screen)

Jack: Is your screen the same as mine? Hands up, ‘yes’. (Students raise hands)
Hands up, ‘no’. (Students raise hands) Hands up, ‘I haven’t done it yet’?
(Demonstrates successive keystrokes needed to draw the graph of y = x?
which students copy. There is some discussion of outcome.)

Student: Yeah, but you can zoom in ... and find stuff (referring to calculator
Zoom function that allows inspection of different parts of the graph).

Jack: But to zoom in wasn’t part of what we were supposed to be doing.

Effectively the ZPA that Jack designed has caused him to constrain the scope of the
students’ ZFM by demanding that they reproduce the demonstrated keystrokes.
Forbidding them to explore the Zoom function of their graphics calculators thus
restricted students’ capacity to address the mathematical topic. It is arguable that
the students’ ZPDs in this classroom were not fully exploited, and students itching
to explore were precluded from doing so.
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Fig. 1 Sample calculator screens for graphing y = x?
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4.1.2 Teacher Use of Technology Facilitates Student Learning

In another school participating in Study A, Steve was Head of the Mathematics
Department and an expert and innovative user of technology. He wanted to foster
similar expertise in his students — not through detailed instruction on keystrokes,
but by providing tasks that required students to use technology as an intelligent
partner. A brief vignette involving graphics calculator programming illustrates
this point.

The students were asked to program their calculators to find the angle between

f

a d
two three-dimensional vectors r, = [b] and r, = [e] , which is given by the formula
C

ﬂ:co§1315)=co§l ad +be+cf
|r1||r2| \/az+b2+cz\/dz+e2+f2

The teacher provided only minimal instruction in basic programming techniques,
and expected individual students to consult more knowledgeable peers for assist-
ance. Volunteers then demonstrated their programs via the overhead projection unit,
and examined the wide variation in command lines that peers had produced (see
Fig. 2 for examples).

This public inspection of student work also revealed programming errors that
were subsequently corrected by other members of the class. For example, the class
disputed the answer obtained by executing the programme shown in the first screen
of Fig. 3.

Following the instructions of fellow students, the presenter scrolled down through
the programme and replaced the plus sign with a multiplication sign between the two
bracketed terms in the denominator (Fig. 3, second screen). The output of this
amended programme was again challenged by his audience, one of whom located
the offending element of the programme where multiplication instead of addition
signs had been entered in the second term of the denominator. The presenter made
this correction (Fig. 3, third screen) and executed the programme once more, with
the appearance of the correct answer being greeted with cheers and applause from
his classmates. When interviewed after the lesson, students commented that pro-
gramming not only saved time with calculations (technology as servant), but also
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Fig. 2 Different student programmes for finding angle between vectors
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Fig. 3 Correcting errors in a student programme

helped develop a more thorough understanding of the underlying mathematical
concepts, especially when there were opportunities to compare the efficacy of pro-
grammes written by different people (technology as partner).

In this classroom students were free to collaborate with peers in pursuit of solu-
tions to problems for which technology was of material assistance in the mathemat-
ical processing required. A more public forum for interaction occurred when
students were invited to present their calculator work to the whole class via the
overhead projection unit. Thus the ZPA was designed by the teacher to engage with
students’ ZPDs by enabling them to form and defend mathematical conjectures.
This ZPA is also consistent with the ZFM representing the classroom learning envi-
ronment in the sense that there were no restrictions on the technology resources
available, or on students’ access to the knowledge resources of their peers.

4.2 What Factors Interact to Influence Teachers’ Use
of Technology?

The classroom examples presented above demonstrate that teachers’ approaches to
using technology for mathematics education are not dependent on ‘access’ in any
simple or straightforward way. Jack and Steve had easy access to technology
resources; yet technology-aided teaching and learning were enacted quite differently
in their respective classrooms. Further examples from Studies B and C involving
experienced and novice teachers illustrate multifaceted relationships between teach-
ers’ access to technology and other factors influencing use. How they learn to integrate
technology into their practice can be conceptualised in terms of changing relation-
ships between their ZPDs, ZFMs, and ZPAs, while their learning trajectories can be
traced by identifying changing modes of technology usage.

4.2.1 Case Study of a Novice Teacher

Sandra was one of the pre-service participants in Study C selected for individual case
study. Her practicum placement was in a large school in the State capital city. At this
time the mathematics syllabuses merely encouraged teachers to use computers and
graphics calculators, although new syllabuses to be introduced the following year
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would make technology use mandatory. The school was well equipped with computer
laboratories and had recently purchased its first class set of graphics calculators.
However, none of the teachers had yet found time to learn how to use the calculators.
Sandra was very familiar with computer applications such as Excel and regularly
searched the internet for teaching ideas and resources. She used both these technology
resources in her mathematics teaching during her practice teaching sessions, although
she had not observed other teachers in the school use any kind of technology with their
classes. Before starting the pre-service course Sandra had no experience with graphics
calculators but she was now keen to explore the possibilities this technology might
offer for developing students’ understanding of mathematical concepts.

Sandra was teaching linear programming, a topic that deals with the kind of opti-
misation problems commonly encountered in engineering and economics. A typical
example would be maximising the profit in a factory that manufactures a number of
different products from the same raw materials using the same resources. As graphi-
cal methods are usually used to solve linear programming problems in secondary
school treatments of this topic, Sandra decided this presented an ideal opportunity
for students to use the graphics calculators instead of drawing graphs by hand. Here
she envisaged using technology as a servant to save time and improve the accuracy
of solutions. She adapted an activity from the internet that asked students to work
out the optimal quantities to be produced of two different kinds of pasta, using three
different varieties of cheeses, so as to ensure maximum profit for the manufacturer.
Part of the graphical solution is shown in Fig. 4. (The enclosed region contains val-
ues for the number of batches of each type of pasta that can be made from the
amount of cheeses in stock. The profit function, represented by equation Y4, has its
maximum value at a vertex of this region.) Because the students had never used
graphics calculators before, she also devised a worksheet with keystroke instructions
and encouraged students to work and help each other in groups.

Unexpectedly, Sandra encountered strong resistance from the students, which
seemed to stem from their previous experiences of mathematics lessons. Other
mathematics teachers in the school tended to take a very transmissive approach and
focused on covering the content in preparation for pen-and-paper tests, so the stu-
dents were not interested in learning how to use technology if this would be disal-
lowed in assessment situations. According to Sandra, the students’ attitudes could
be summed up as: ‘Just give me enough to pass ... I don’t want to know how to do
group work, I don’t want to know how to use technology.’
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Fig. 4 Calculator screens for graphical solution of a linear programming problem
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In theoretical terms, the ZPA offered by the teachers in the school was not a good
match with the ZPD defined by Sandra’s pedagogical beliefs and her knowledge and
skills in using technology to teach mathematics. Neither did her supervising teacher’s
ZPA provide a pedagogical model consistent with the technology emphasis of the
pre-service course. Some elements of Sandra’s ZFM, such as her easy access to cal-
culators that no other teacher knew how to use, presented favourable opportunities to
use technology. However, most other aspects of her ZFM — students’ attitudes and
lack of motivation, curriculum and assessment requirements that excluded technology
— represented constraints. Yet Sandra was not discouraged by this experience and
remained committed to enacting her pedagogical beliefs about using technology.

After graduation Sandra moved from the city to a smaller rural school that was
much better resourced with respect to graphics calculators but lacking in experi-
enced teachers who knew how to use them effectively. All Grade 11 and 12 mathe-
matics students had continuous personal access to graphics calculators via a hiring
scheme operated by the school, and there were two additional class sets available
for teachers to use with other classes — although Sandra was the only teacher to use
these with younger students. She was also beginning to incorporate into her teach-
ing data-logging equipment such as temperature probes and motion detectors which
could be used in conjunction with graphics calculators to collect and analyse data
from experiments. This equipment gives students access to new kinds of tasks that
develop deeper understanding of mathematical concepts, suggesting a shift on
Sandra’s part towards viewing technology as a partner.

Compared with her practicum experience, Sandra’s first year of teaching offered
a more expansive ZFM: motivated and cooperative students, good access to tech-
nology resources, and new syllabuses that mandated use of computers and graphics
calculators in Grades 11 and 12. Yet there was no ZPA within her school environ-
ment, and geographical isolation, compounded by a very slow internet connection,
made it difficult for her to access professional development and teaching materials
(an external ZPA). While she was still able to draw on the knowledge gained during
her university programme (the pre-service ZPA), Sandra recognised her need to
gain new ideas via collaboration with other more experienced teachers beyond the
school in order to further develop her identity as a teacher for whom technology
was an important pedagogical resource.

4.2.2 Case Study of an Experienced Teacher

Teachers who completed their pre-service education before computers and graphics
calculators were introduced into school classrooms rely on formal or informal pro-
fessional development to learn how to use technology. By comparison with Sandra,
Lisa was an experienced teacher but a relative novice in the use of technology when
she participated in the graphics calculator training programme described in Study
B. When reflecting on her initial professional development experiences in this field,
her comments suggest that, for her, technology was her master, since she ‘got lost
in the first ten seconds, and was really turned off so didn’t touch them again for
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a while’. After several more workshops she felt confident enough to use graphics
calculators in her teaching, but only in servant mode:

I was [using graphics calculators], but not confidently and not proficiently. Not really real-
ising how much they improved the thinking. More just as a tool to do graphs and things.

The training programme offered as part of this research study proved to be a turning
point for Lisa as it emphasised the impact of technology as a partner in pedagogy
rather than focusing on ‘pushing buttons’. In the interview excerpt below she refers
to an activity that investigated the periodic, oscillating motion of an object sus-
pended from a spring. A data-logging instrument was used to record the motion of
the object. This information was downloaded to graphics calculators and a plot
produced of the object’s vertical distance from the ground against time (as in Fig.
5). Participants then had to fit a mathematical function to the data and present their
work to the group using the overhead projection unit.

It was out of that week-end that I really understood the impact that [graphics calculators]
had on the pedagogy. Up to then I saw it as a tool to draw graphs and analyse statistics. But
at that workshop, just one little thing from that workshop, how we were working in groups,
and they explained to use how kids start trying to help. So when we were doing that we
were grabbing somebody else’s calculator and sharing our data, so it made the group work
thing a whole lot better. And I really valued the part where we, as groups, we went out and
used the overhead projector and we presented our information back to the group. So I just,
I really started to see different ways of using it that I hadn’t thought of before. So it really
enhanced group work, it really showed me that you could do a lot more hands on stuff, the
practical activity with the motion detectors. That graphics calculators are good for inspiring
all those other good things in teaching, like the hands on, the group work, and really start-
ing to think when we were fitting functions to the data. Really having to think and under-
stand what the intercept and the gradient mean. We weren’t just doing, we were really
understanding at a higher level. I found that really powerful. Because I had thought that all
they do is save you that boring part of maths.

Environmental constraints and affordances (ZFM) seemed to play little part in
Lisa’s learning, possibly because as Head of her school’s Mathematics Department
she had considerable autonomy in obtaining desired resources and in managing
curriculum and assessment programmes. Instead, the reconstruction of her identity
as a teacher can be understood in terms of the changing relationship between her
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Fig. 5 Graphics calculator graph of object suspended from a spring (vertical distance from
ground vs time)
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goals and interests (ZPD) and the ZPAs offered by the professional development
and training she experienced. The early workshops she attended were described as
‘off-putting’, because the emphasis was on procedural aspects of operating the cal-
culators and the mathematics presented was too difficult for participants to engage
meaningfully with the technology. She contrasted this with the approach taken in
the week-end workshops offered as part of this research project:

I didn’t really feel super confident until I went to the workshop (...) And I think it was then,
understanding the bigger concepts, rather than just pushing buttons. Because at the pushing
buttons level you never really understand how they operate. And after that I was just so
inspired. It was just tremendous to meet teachers that came from all over the State to share
with them, and the fact that (...) the real gurus of technology and maths were there, pre-
pared to give up their week-end ... it was just the way we were treated ... It was just that
whole valuing and that sharing and learning from each other, and just to realise that other
people are out there. So that was really the turning point for me to say that this is really
exciting stuff.

Thus Lisa seemed to find a professional development ZPA that matched her need to
focus on pedagogical, rather than procedural, aspects of using technology, and acknowl-
edged the potential for experienced teachers to teach and learn from each other.

5 Implications for Technology-Enriched Reform
of Mathematics Learning and Teaching

This chapter has considered key questions in analysing relationships between math-
ematics teachers’ access to technology resources, the ways in which they incorpo-
rate these resources into their pedagogical practices, and the nature of student
learning that results. In doing so it has examined assumptions that appear to under-
pin current education policies concerning integration of ICTs into curricula and
teaching (Fig. 6). Evidence from research studies carried out in Australian class-
rooms suggests that simple notions of ‘access’ and ‘use’ are inadequate for under-
standing the roles that technology plays in mathematics teaching and learning. The
case studies of Sandra and Lisa showed that teachers interpret access to technology
in relation to what they believe is beneficial for students and feasible in the light of
their own expertise and institutional context. Teachers can also use technology in
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Fig. 6 Questioning assumptions about technology access, use, and learning
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ways that either hinder or facilitate students’ mathematics learning, as illustrated by
episodes from the classrooms of Jack and Steve.

Early recommendations about preparation for teaching with technology assumed
that teachers needed only general technological literacy. It is now recognised that
knowing how to use computers and other forms of technology is not the same as
knowing how to teach effectively with technology (Wallace, 2004), since pedagogi-
cal content knowledge (Shulman, 1987) is required to integrate technology into the
curriculum in specific subject domains. Pedagogical content knowledge, which
enables teachers to create mathematical representations that connect students with
the subject matter, is at the heart of teaching effectively with technology and is
embodied in the metaphors for technology as master, servant, partner, and exten-
sion of self described in this chapter.

The opportunities that teachers provide for technology-enriched student learning
are also affected by ways in which they interpret and analyse problems of practice.
How do teachers justify and enact decisions about using technology in their class-
rooms? How do they negotiate potential contradictions between their own knowl-
edge and beliefs about the role of technology in mathematics education and the
knowledge and beliefs of their colleagues? How do they interpret aspects of their
teaching environments that support or inhibit their use of technology? These ques-
tions, when framed within a sociocultural perspective, allow us to systematically
investigate conditions affecting teachers’ and students’ use of technology in math-
ematics classrooms through the application of Valsiner’s zone theory — where the
ZPD represents an individual’s potential for learning, the ZFM environmental con-
straints, and the ZPA the nature of the specific activities designed to promote new
skills and understanding.

Different ZPD/ZFM/ZPA configurations produce quite different learning oppor-
tunities for students, and for teachers. Consider first the implications for students’
learning. While teachers construct activities (ZPAs) consistent with their pedagogical
beliefs and learning goals for students, these planned activities may or may not be
consistent with the learning resources accessible to students (ZFMs). For example,
students may lack access to technology resources, the range of such resources may
be restricted, or ways in which students are permitted to exploit the potential of
available resources may be curtailed. The episode from Jack’s classroom under-
lined the frustration experienced by students who wanted to use a graphics calcula-
tor function (zooming) that was outside the teacher’s prescription. The teacher
imposed actions (restricted the ZFM) to conform to a limited ZPA that excluded
other calculator functions and other students. By contrast, Steve’s pedagogical
approach (ZPA) of encouraging students to propose conjectures, defend solutions,
and suggest alternatives was consistent with a classroom ZFM that gave unre-
stricted access to various types of technology and permitted students to share mate-
rial and intellectual resources.

Teachers’ learning can also be conceptualised in terms of ZPD/ZFM/ZPA rela-
tionships, and this provides a useful way of analysing teachers’ responses to reform
and the extent to which they adopt innovative practices involving technology. For
teachers, the ZFM can be interpreted as their institutional context, the ZPA represents
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their experiences in learning about teaching with technology, and the ZPD is influ-
enced by their knowledge of how to integrate technology into their teaching and
their pedagogical beliefs. As with students, learning is only possible if the ZPA is
consistent with the individual’s need and potential (ZPD) and promotes teaching
actions believed to be feasible, that is, within the effective ZFM. The case study of
Lisa illuminated issues facing experienced teachers who are unfamiliar with new
technologies such as graphics calculators. While her ZFM presented few con-
straints, she had to search for professional development (ZPA) that would extend,
rather than only accommodate, her existing ideas about teaching with technology
(her ZPD). On the other hand, teachers like Sandra who are knowledgeable and
enthusiastic about using technology may encounter obstacles in their professional
environment (ZFM) that hinder implementation of preferred teaching approaches.

6 Implications for Reforming Learning Within
the Asia-Pacific Region

Although the arguments presented in this chapter are based on research carried out
in Australian classrooms, many other countries in the Asia-Pacific region are grap-
pling with similar issues concerning integration of ICTs into mathematics teaching
and learning. For example, commentaries by researchers in Hong Kong and
Singapore highlight discrepancies between the potential value of ICTs and their
limited use in secondary school mathematics classrooms, despite generous govern-
ment resourcing of schools and extensive teacher professional development pro-
grammes (Jones, Ng, & Tang, 2006; A. Leung, 2006; F. Leung, 2006). They
suggest that teacher knowledge and beliefs, curriculum and assessment policies,
and local cultural values are the key factors influencing technology integration in
these countries. This final section of the chapter applies the theoretical frameworks
developed earlier to discuss implications of technology-based reform of mathemat-
ics education in the light of local conditions in Hong Kong and Singapore.

6.1 Technology-Related Mathematics Education Reform
in Hong Kong

The former British colony of Hong Kong returned to the People’s Republic of
China in 1997 under a ‘one country, two systems’ governing structure. One of the
aims of the newly established government of the Hong Kong Special Administrative
Region (SAR) was to transform schools into technology-rich educational environ-
ments to meet the needs of a rapidly changing society. In 1998, the government
announced an ICT education strategy, with a 5-year target for teaching in at least
25% of the curriculum to be supported through ICTs (Education and Manpower
Bureau, The Government of the Hong Kong SAR, 1998). The government committed
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extensive resources to meeting this target and now claims that most schools are well
equipped with computer laboratories, data projectors, intranet and internet access
(A. Leung, 2006). Specific support for integrating technology into mathematics
education is provided by the government, professional associations, and textbook
publishers in the form of exemplary teaching materials and professional develop-
ment seminars (e.g., Education and Manpower Bureau, The Government of the
Hong Kong SAR, 2002, 2006).

While this brief summary suggests that mathematics teachers in Hong Kong
should enjoy a ZFM with few constraints in terms of access to resources, local cur-
riculum and assessment requirements are the significant elements of the ZFM that
work against technology integration in mathematics classrooms. The TIMSS 2003
study (Mullis et al., 2004) reported that the Hong Kong national curriculum does
not contain a statement supporting the use of calculators or computers. In contrast
to the optimistic picture presented by the government policy initiatives outlined
above, Hong Kong teachers participating in the TIMSS study stated that computers
were not available for 61% of their Grade 8 mathematics students (compared with
46% of Australian Grade 8 students of teachers in the same study), and that com-
puter use as often as in half of Grade 8 mathematics lessons was almost non-exist-
ent (similar to the Australian TIMSS findings). In addition, the high stakes public
examination in mathematics at the end of secondary school does not permit stu-
dents to use graphics calculators. Not surprisingly in the light of these conditions,
local mathematics education researchers report negligible use of graphics calcula-
tors in secondary schools (Jones, Ng & Tang, 2006).

Analysis of the Hong Kong context in terms of contradictions between the ZFM
and ZPA demonstrates that no amount of resourcing and professional development
will persuade large numbers of teachers to embrace technology if the curriculum
and assessment regime do not require it. Another contradiction emerges from
research that has studied Hong Kong teachers’ pedagogical strategies when
introducing technology into the mathematics classroom. In one of the few studies
of this kind, Mok and colleagues (2000) carried out a teaching intervention in a
Hong Kong classroom where 15-year-old students used graphics calculators to
study algebra and functions. The intervention drew on research from Western coun-
tries linking effective technology integration with student-centred teaching
approaches and exploratory or investigative tasks (technology as partner or exten-
sion of self). However, implementation of this approach created difficulties for the
teacher because it did not fit with the procedural emphasis of the existing Hong
Kong mathematics curriculum and the traditional expository style of teaching com-
mon to most Hong Kong mathematics classrooms (favouring use of technology as
servant). While the tensions experienced by the teacher could be conceptualised as
a mismatch between the efforts of the researchers to develop new teaching actions
(ZPA) and the teacher’s pedagogical knowledge and beliefs (Zone of Proximal
Development), Mok and colleagues, and other Hong Kong researchers (e.g., F. Leung,
2006) additionally invoke the mediating influence of local cultural values on
teacher beliefs and practices. Within Confucian Heritage Cultures (CHC) — such as
in Hong Kong and Singapore — the teacher is regarded as the respected source of
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knowledge and there is a commitment to helping students master fundamental
techniques and knowledge as a strong foundation for further conceptual develop-
ment. To an uninformed Western observer, teaching in CHC classrooms appears to
emphasise memorisation of content and repeated practice of skills; nevertheless,
teaching and learning interactions in such classrooms are founded on a deep cul-
tural belief that skilfulness (knowing and doing something well) can bring about
cleverness and creativity (Watkins & Biggs, 1996). Perhaps, in these circumstances,
there needs to be a re-conceptualisation of role of technology as a cultural tool that
transforms the nature of mathematics and how it is taught and learned, and further
investigation of ‘culture’ as bridge between teachers’ personal knowledge and
beliefs (ZPD), and the contexts in which they practise (ZFM).

6.2 Technology-Related Mathematics Education Reform
in Singapore

As in Hong Kong, the government of Singapore has developed policies supporting
use of ICTs in school education (Ministry of Education, Singapore, 2002).
According to the TIMSS 2003 study (Mullis et al., 2004), the Singapore national
curriculum does embody a policy regarding use of computers in mathematics, and
Singapore teachers participating in this study stated that computers were unavaila-
ble for only 33% of their Grade 8 mathematics students. The percentage of Grade
8 students whose teachers reported using computers in at least half of Grade 8
mathematics lessons was still very low (3—4%), but above the international average
(2%) and higher than that reported in Australia and Hong Kong. Of more interest
from the perspective of mathematics education is the move to mandate use of
graphics calculators in the senior secondary years (Ministry of Education,
Singapore, 2005). Since 2002, the small group of mathematically able students tak-
ing advanced mathematics in senior secondary school has been permitted to use
graphics calculators in the public examination, but the examination questions were
written in ‘calculator neutral’ form so as not to disadvantage those students who did
not use them. The new advanced mathematics curriculum implemented in 2006
assumes all students will have access to graphics calculators when sitting the public
examination from 2007, and development of ‘calculator active’ examination ques-
tions is now a priority (Ng, 2006). For this reason, teachers are most interested in
how graphics calculators will affect their assessment practices, and little attention
seems to have been given to the potential for this new technology to change the
nature of the school mathematics curriculum and how mathematics is taught.
Integration of calculators is supported by extensive professional development
programmes (e.g., Ministry of Education, Singapore, 2006), and students gener-
ally have continuous personal access to a graphics calculator via ownership or hire
schemes. In terms of Valsiner’s zone theory, there is a degree of consistency
between the ZFM (professional environment: access to graphics calculators, cur-
riculum, and assessment requirements) and the ZPA (professional development)
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30399 Use of Graphing Calculators in the Learning of Mathematics (Sec)
Design and develop learning activities using Graphing Calculators to handle
mechanical computation efficiently, thus allowing students to focus on the concepts
and problem-solving skills.

Duration: 9 hours

Target Audience: Sec Teachers

Workshop Dates: 18 Apr, 25 Apr & 2 May 2007

Fig.7 Synopsis of a professional development workshop on graphics calculators offered by the
Singapore Ministry of Education (Source: http://www.moe.gov.sg/edumall/pro_develop/maths.
htm)

that is lacking in Hong Kong. However, the tenor of at least some professional
development workshops offered by the Singapore Ministry of Education suggests
that technology is viewed only as a servant for relieving computational burden
(see Fig. 7).

The current situation in Singapore has some parallels with the introduction of
graphics calculators in the Australian state of Victoria in the late 1990s. A recent
study comparing Singapore and Victorian secondary mathematics teachers’ use of
and beliefs about graphics calculators is illuminating in this regard (Tan & Forgasz,
2006). Conducted before the implementation of the new Singapore advanced math-
ematics curriculum, the study found that Singapore teachers, compared with their
Victorian counterparts, were less experienced and less proficient in using the calcu-
lators, and less certain that they helped students to understand mathematics better.
These findings highlight the need to address teachers’ knowledge and beliefs about
the role of technology in learning mathematics (their ZPD) as part of any ICT
related reform initiative.

7 Conclusion

Researchers and policy-makers in Hong Kong and Singapore have looked to
Western countries for models of curriculum and pedagogical reform to guide inte-
gration of technology into mathematics education. However, there are risks in sim-
ply transplanting models from one country and culture to another, and the lessons
learned from the West need to be re-evaluated in local contexts through local, class-
room-based research. The theoretical approach outlined in this chapter provides a
way of interpreting teachers’ and students’ actions in mathematics classrooms that
goes beyond comparisons of ‘with-technology’ and ‘without-technology’ lessons
or simple assumptions that ‘access’ to technology will guarantee use and improve
student learning. It may also generate informed discussion about conditions that
support or inhibit teachers’ learning and adoption of new technologies across dif-
ferent cultures.
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Reforming Learning and Teaching Through
Online Collaborative Knowledge Building

Allan H.K. Yuen, Nicol H.C. Pan, and Chi-Hung Ng

Abstract In the past decade, educational innovations using information and
communication technologies have been increasingly embedded within a broader
framework of educational reforms in different parts of the world. It is within such
a reform context that this chapter explores students’ and teachers’ authentic experi-
ences in a science curriculum innovation, in which students and teachers from five
primary schools in Hong Kong engaged in online collaborative knowledge building.
Thirty students and eleven teachers from five primary schools were interviewed.
Their conceptions of the new experiences were built on cross-case analyses of their
personal accounts of this unique pedagogical experience. A total of six student
categories of descriptions and six teacher categories of descriptions emerged out of
their views and experiences of using the new technologies for learning and teach-
ing science. The findings alert us to the importance of understanding students’ and
teachers’ conceptions of experiences in integrating ICTs in the school curriculum.

1 Introduction

The call for integrating information and communication technologies (ICTs) in edu-
cation coincides with the emergence of globalised knowledge-based economies that
require their knowledge workers to develop critical attributes such as lifelong learn-
ing, sustained motivation and autonomy (Drucker, 1999). Sharing this frame of
mind, some researchers have argued that it is critical for our school systems to pro-
duce graduates capable of creating new knowledge and knowing how to gain advan-
tages from learning, using and reflecting on it (Bereiter, 2002). ICTs are among the
essential knowledge and skills privileged in a globalised economy. It is therefore
unsurprising that educational reforms in many countries have adopted the integration
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of ICTs in education as a way to promote learning (Anderson, 2003; Pelgrum &
Anderson, 1999). For example, the Singapore Government announced a master plan
for the development of ICTs in 1997 (Ministry of Education, Singapore, 1997). Like
its Asia-Pacific partners, Hong Kong has put in place policy initiatives regarding the
use of ICTs in education. Following the 1997 Policy Address by the former Chief
Executive Tung Chee Wah, the Hong Kong Government published its policy state-
ment on ICTs in education in the Information Technology for Learning in New Era
— Five Year Strategy (Education & Manpower Bureau, Hong Kong, 1998). This pol-
icy statement promoted the use of ICTs across the school curriculum and highlighted
the significance of abilities to seek, evaluate and organise information using new
technologies. To integrate ICTs into the school curriculum effectively, this policy
envisioned significant pedagogic change in schools.

To respond to these new requirements, our school education needs to see a paradigm
shift—from a largely textbook-based teacher centred approach to a more interactive and
learner-centred approach. (Education & Manpower Bureau, Hong Kong, 1998, p. 1)

Enormous resources have been devoted to the school system in Hong Kong to inte-
grate ICTs into the teaching and learning processes. Nevertheless, the major
progress in the use of new technologies for teaching and learning in the local
schools has been largely confined to the development of infrastructure and treating
ICTs as add-on resources. Thus far, limited evidence on how the use of ICTs has
contributed to reforming learning and teaching in Hong Kong classroom has been
reported (e.g. see Lee, 2005, 2006). This lack of development in terms of change in
pedagogy, curriculum and learning associated with the use of ICTs, however, is not
confined to Hong Kong. Other places in the world have also experienced problems
associated with sustaining changes in classroom teaching and learning practice.
Richards (2006) pointed out that ‘yet too often in practice the actual use of ICTs
reflects the very “transmission” and reproduction’ paradigms of teacher-centered
face-to-face learning (rather than) the new theories of pedagogy which emphasize
the learner-centered implications of new learning technologies’ (p. 240).

In this chapter, we argue that changes associated with the integration of ICTs
into the school curriculum have to be evaluated in terms of students’ and teachers’
conceptions of their experiences in using the new technologies, which in turn are
constrained by various contextual considerations. The research on conceptions of
learning provides theoretical support for our current study. Saljo, Marton and col-
leagues (Saljo, 1979; Marton, 1994; Marton & Booth, 1997; Marton, Dall’ Alba &
Beaty, 1993) maintain that there is a need to understand how individuals experience
learning, and hence develop different conceptions of learning. Students will
respond to learning using different approaches or strategies depending on their own
conceptions. In addition, their perceptions and attitudes towards the learning activi-
ties will also be affected by their conceptions of learning. It is argued, therefore,
that an understanding of students’ and teachers’ conceptions of their experiences in
using the new technologies may help us understand how pedagogic reform should
be arranged to promote the use of ICTs in our school curriculum. In this chapter,
we report qualitative findings derived from a study on the implementation of an ICT
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innovation, called Knowledge Building (KB) project, in the primary science cur-
riculum in Hong Kong. The chapter ends with a discussion on the implications of
the findings on promoting science education within the Asia-Pacific region.

2 Knowledge Building Project

The online Knowledge Building (KB) project described in this chapter is an exam-
ple of an innovation capitalising on the use of ICTs. Knowledge Forum (KF), a
second generation product of the Computer-Supported Intentional Learning
Environment (CSILE) project, is an online discussion platform designed to facili-
tate collaborative and progressive knowledge building (Scardamalia & Bereiter,
1991, 1996). The basic idea of knowledge building in the KF environment is that
knowledge is brought into the online platform through students’ contributions of
ideas, and as students work collaboratively on improving ideas and putting their
knowledge together, new knowledge can be generated to benefit the whole com-
munity (Scardamalia & Bereiter, 2002). This technology-based pedagogic innova-
tion is in line with the comprehensive education reform currently underway in
Hong Kong (Education Commission, 2000), which emphasises on the importance
of learning how to learn.

About 700 fifth-grade students and 20 teachers from 5 primary schools in Hong
Kong participated in this online collaborative knowledge building project within
the science curriculum. All the students and teachers were new to the KF platform
and also new to this form of inter-school collaborative discussion. Knowledge
Forum Client version 3.4 was used throughout the project implementation. The
central learning activity required students to contribute to group-threaded discus-
sions on three assigned topics: (1) energy form in a well-planned city, (2) environ-
ment in a well-planned city, and (3) traffic in a well-planned city. Students from
individual schools were divided into groups according to the topics assigned.
Groups from various schools sharing the same topic collaborated with each other
through online discussion. Students’ contributions to the Knowledge Forum can
take the following forms: (1) individual notes by which students put forward ideas,
information or questions; (2) build-on, which allows students to reply to others’
messages; and (3) rise-above, which allows students to summarise and synthesise a
group of related notes. Figure 1 shows the online discussion platform. The little
squares represent the KF ‘notes’ contributed by the participants.

From a theoretical perspective, learning in the KF environment is designed to
promote a progressive view on learning that focuses on student-centredness and
community involvement (Scardamalia & Bereiter, 1999; Rose & Winterfeldt, 1998;
Glaser & Poole, 1999; Howard & England-Kennedy, 2001; Caverly & MacDonald,
2002; Yuen, 2003). In particular, the use of Internet technologies has revolutionised
the teaching and learning processes (Jonassen, Peck & Wilson, 1999), and one of
the most promising applications of the Internet is the creation of powerful online
learning communities (Bielaczyc & Collins, 1999; Brown, 1999). However, we
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Fig. 1 An example of KF threaded discussion

cannot assume that ICT applications are wizards that can bring instant change to
learning and teaching, especially when specific contextual considerations, such as
indigenous beliefs about teaching and learning, are taken into account.

Saljo (1979) argued that ‘learning [or teaching] does not exist as general phe-
nomenon. To learn [or to teach] is to act within man-made institutions and to adapt
to the particular definitions of learning [or teaching] that are valid in the education
environment in which one finds oneself” (p. 106). The KB online learning environ-
ment is a specific ‘man-made institution’ within which teachers and students are
expected to act significantly different to those confined to a physical face-to-face
classroom setting. Given that students and teachers in Hong Kong are predomi-
nantly operating in a learning environment that is teacher-centred, textbook-based
and classroom-confined, it is not known how students and teachers would experi-
ence the new technologies which promote student-centred collaboration and
exploratory learning in a virtual environment.

3 Method

Thirty students and eleven teachers from the five schools were selected for semi-
structured group interviews after the completion of the project. Students selected
for the interview were both active and less active participants in the online discus-
sion. The 11 teachers had varied experiences in teaching the science curriculum.
The interviewees were encouraged to speak freely about their new experiences
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involving the use of online technologies. In terms of the number of participants in
the group interviews, student groups normally consisted of 5-6 whilst teacher
groups were made up of 2-3 teachers.

The analytical processes involved several rounds of reading and coding of the
transcripts. During the analytical processes, we focused on understanding inter-
viewees’ perceptions of their new learning and teaching experiences in using KF.
The aim of this study was to unfold students’ and teachers’ experiences, and there-
fore we focused on searching for analytical categories representing their unique
understanding and experiences in using the new technologies in their classroom.
This involved a constant comparison process in order to establish meaningful cross-
case analytical categories. In the following section, we describe these findings.

4 Results and Analysis

A quick scan of the interview data showed that both students and teachers discussed vari-
ous kinds of benefits arising from participating in the online Knowledge Forum. The
major benefits include the development of deep understanding of the topics, collabora-
tion with students from other schools, and autonomy. Nevertheless, they also mentioned
various challenges and problems they encountered. In particular, the interviewees dis-
cussed the extra time they needed to spend on acquiring essential skills such as ICT skills
and other researching skills. Some of them highlighted problems associated with the
quality of discussion. It is not appropriate, therefore, for us to jump to the conclusion that
KF is overtly beneficial to learning and teaching the primary science curriculum. To
understand students’ and teachers’ unique experiences in using the new technologies, we
took a cross-case analytical approach and sorted their responses into different categories.
The focus of this analytical process was not on the views of individual interviewees but
on checking if a substantive category of descriptions of their experiences in learning or
teaching with the new technologies in the science curriculum could be established.

Through constant comparison, we grouped and regrouped the responses until we
were satisfied that the resulting categories of description were mutually exclusive, that
is, no regrouping was required. In describing these categories, we labelled each with a
descriptive statement in order to highlight their main concerns. These analytical cate-
gories should not be read as representing any individuals. In fact, individuals may hold
conflicting views on their own experiences or hold more than one type of conceptions
we described below. These categories of description were higher-order analytical
dimensions representing several major types of learning/teaching experiences we iden-
tified from the responses of these students and teachers during the interviews.

4.1 Students’ Categories of Descriptions

Six categories of descriptions were identified according to the students’ personal
accounts of their online learning experiences. The researchers’ comments under
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each category explicate the characteristics of each category. Note that ‘I” represents
interviewer, ‘S’ represents student, and ‘T° represents teacher in the sample
excerpts reported below.

4.1.1 Showing Indifference Towards the New Experience

The first category of learning experiences in using KF identified from the interview
data embodies an ‘indifferent attitude’. Some students showed limited interest in talk-
ing about their online learning experiences. They often remained silent and were
reluctant or slow to respond to a question or others’ comments during the group dis-
cussion. When they responded, their answers were often short and seldom revealed
their personal experiences or views about online collaborative learning. The follow-
ing excerpt is an example of this form of indifferent attitude towards the innovation:

I: Someone said that we didn’t need to type everything; we could just copy and
paste. What about you, any comment?

S: No comments.

I: Other than the point that we don’t need to type every word, why are we doing
this?

S: No use, it’s a waste of time.

I: What you meant was we could put our views in the ‘Notes’, is that what you
mean, Sam? What about Jason? Why don’t you tell me?

S: (Silence)

I: What I mean is do we have to be really good at computers to play with KF?

S: Know how to type.

I: Second question, what’s good about KF?

S: Could use computers.

As shown in the interview excerpt above, this particular student was reluctant to
respond to the interviewer; s/he spoke very little, answered in incomplete sen-
tences, and showed no particular interest in the discussion. Some of her/his
responses, like ‘it’s a waste of time’, imply a negative attitude towards the use of
online technologies in the science curriculum. Judging from the responses grouped
in this category, it can be interpreted that the introduction of new learning tools and
pedagogy might have minimal or almost no effect on the learning of students who
held this type of conception.

4.1.2 Feeling the Loss of the Teacher in Online Learning

Most of the students we interviewed showed a great interest in various forms of col-
laborative activities such as playing games, chats and storytelling. They valued
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having a teacher who could teach in a playful manner and mix with them in interest-
ing activities.

I: We talked about the issue of teacher earlier. Is teacher important in terms of
teaching and learning?

S1: Yes.

S2: Especially teacher Wung, he’s very important.

I: What about him?

S1: We can totally disagree with him.

I: So that’s good.

S1: He can really make you laugh.

S2: Even though he can be nuts sometimes, like pulling at my shirt, but he

doesn’t hurt you really.
S3: He can really let go like when he’s having fun.

I: But in KF, I'm all alone, learning in front of the computer screen, is the two
... (intercepted by the student).

S1: Isn’t that boring?

S2: Yeah.

I: You think it’s boring?

S2: It’s like you just sit there while others do all the talking.

This conception of learning experiences places the teacher at the centre. Students
holding this conception consider that it is the teachers’ responsibility to stimulate stu-
dents to learn and make learning fun. Students found the online experiences ‘boring’
because this particular computer program lacked the essential elements that they con-
sidered important, i.e. a likeable teacher interacting with them in interesting activities.

I: What I meant was what if we used KF on all subjects, and worked without the
teachers. What do you think?

S: That’s not good.

I: Why is it not good?

S: At least the teacher will make sure you learn something, right?

I: Does that mean you’d prefer traditional teaching? How about Ricky?

S2: It’d be so boring.

I: You mean traditional teaching is boring? How about the new one?

S2: No, I mean traditional teaching is very good.

I: Why?

S2: Someone teaches you.

I: So you don’t have to think for yourself?

S1: Yeah, that’s it.

S2: Teacher will make you laugh.

In the excerpt above, students relied on their teachers to teach them. Their nega-
tive responses to the use of the new technologies were related to the fear of losing
the teacher.
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4.1.3 Seeing the New Experience as an Obstacle for Learning

The third category of conception derived from the interview data views the use of
the new technologies as an obstacle to effective learning. This conception was often
held by students who were concerned more about their learning outcomes measured
in terms of the grades they achieved.

S: If we use KF all the time, and it takes months, it’s a bit waste of time and we
learn less.

I: Does it slow down your learning?

S: Yeah.

I: But other student said that KF broadened the learning spectrum, that learning
was not limited to what normal school taught you. Do you agree?

S: No, I don’t agree.

I: Why

S: It is because we focus on only one topic at a time instead of a variety of
topics.

In the excerpt, this student doubted the effectiveness of using KF for learning. He
or she considered that using KF to learn required more time spent on one topic
and was therefore less effective than traditional face-to-face classroom learning,
which can cover more topics in a quick manner. When prompted to comment if
the use of KF broadened their learning experiences, this respondent interpreted it
in terms of the number of topics that could be covered, and therefore disagreed
that his/her learning experience was broadened. This instrumental view on the use
of KF focuses mainly on the quantity aspect of learning and tends to downplay
other benefits of using this new innovation, such as promoting collaboration and
creativity.

4.1.4 Seeing the Online Technologies as a Tool

The fourth category of conception takes KF as a tool for learning. It focuses on one
of the basic functions of KF — communicating with others. The student in the fol-
lowing excerpt explained how KF can be used as a communication tool during the
learning processes.

S: So constructing knowledge is like, urhmm ... knowledge construction is like
... I don’t have any comments cos I don’t know what it is.

I: Then what is ‘Knowledge Forum’?

S: KF? KF is only something we use to communicate, first of all, communica-
tion, and secondly, we can learn something from it because you can learn some-
thing by asking a question and getting an answer. For example, when you ask a
question, and someone answers you, and you go, ‘So this is how it works!” then you
know something.
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S: KF is more important. After all, KF is about communication. For example,
when you are in a foreign country, and you don’t know how to communicate, to
share the information, it’s like when you have a new invention, really high tech
stuff, and if you don’t know how to explain it to the world, then all the efforts will
go to waste.

4.1.5 Enjoying New Learning that Online Experience Provides

The fifth conception takes the online technologies as a means for promoting learn-
ing through collaboration, dialogue and discussion among the participants. What is
important for this conception is that learning is no longer conceptualised as being
led by a teacher. The student in the excerpt below challenged the common belief
that teachers are always correct. He or she realised that a piece of knowledge can
be challenged no matter how plausible it looks.

S: The teacher generally thinks he/she is right about certain things ...

S: The teacher said it should be this or that. And we would have to disprove
him/her by showing stuff we found on the Internet. ...

S: It’s like what the teacher tells us is always right, whereas you can talk about
your own ideas in KF.

I: How do you know if the things you said are correct?

S: Let the others prove you wrong.

In the following excerpt, students demonstrated their sophisticated understanding of
their new learning experiences using the new innovation. Embedded in their responses
are important ideas related to the design of the Knowledge Forum, which include
collaboration, self-pacing, and active construction in the learning processes.

S1: I think Knowledge Construction is like when you put many people’s ideas
together and form a more complicated thing.

S2: I think it is to learn on your own, it’s like you figure it out piece by piece,
slowly.

S3: It’s like everyone is telling their ideas, and we collect these ideas, and we try
to figure out what it is, and then something comes out of it.

S1: Knowledge Construction is like putting up a building on your own. We have
to look for the materials, and then start constructing. In other words, to make
you really understand how it works.

4.1.6 Seeing Computer as Complementary to the Teacher’s Role

The sixth conception holds that the use of the new innovation is complementary to
teacher-led learning in classroom. This view considers the benefits of using both
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online and face-to-face modes of learning together. In the excerpt below, the student
was aware of the constraints of conventional classroom-based learning and found
that the use of KF could overcome some of these constraints. He/she also discussed
the changing role of the teacher in using the new innovation.

S: With KF, we can learn from many schools, across the world. Whereas in a
school, we can’t afford to ask too many questions because that will interfere with
the normal teaching, you know? Sometimes we ask questions in the class, but we
have more space for questions and answers in KF.

S: I think both are good. There are advantages learning with teachers, and there
are advantages learning with computers.

: So we should include both kinds of learning?

: Yeah. It’s like combing the two. It’s best if we combine the two.

: How do we do that?

: Well, it’s like some people think computers are better, and some think teach-
ers are better, so we’ll have to combine the two. It’s like the teachers will have
to watch over us when we learn with computers, and tell us if we did some-
thing wrong.

I: Like a judge?

S: With more freedom. And give us room to think what we did wrong. The

teacher is like a team leader. Like a person who leads a team.

4.2 Teachers’ Categories of Descriptions

Using the same analytical approach, teachers’ responses were organised into six
meaningful categories. The results reported here represent analytical categories of
experiences using the new technologies and therefore should not be taken as repre-
senting experiences of individual teachers.

4.2.1 ‘Change Is Irreversible, and I Don’t Have a Choice’

The first category of experiences describes a conception that considers the use of
the new technologies an imposition. Teachers’ responses in this category often dis-
cussed external constraints on teaching. These teachers reluctantly accepted the
change and rarely took the initiative to implement the new technologies. Though
they were able to see some changes in the way students learn after using the new
technologies, they did not see the need for change in their own practices.

T: Of course, there are existing constraints. Generally speaking, we have too many
students, with limited facilities, and a very tight curriculum. I’ve thought about
it over and over, and there seems to be one problem which is there’s simply not
enough room and time for student based inquiry. For example, we are now
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using KF in general education subjects, and it is actually an additional thing we
have to do on top of the existing curriculum, so we have even less time.

T: We let the kids do the experiments once in a while. It’s of course doable, I
mean within the limits of classroom setting. In other words, we do what the
circumstances would allow.

T: No problem, I’m the oldest here. It’s not a problem at all, change is absolute,
no doubt about it. But I would never deny the role of a teacher. Teacher is not
someone up there, but teachers undeniably play a strong part in all this.
Imagine, without the teachers guidance, and students are free to do anything,
it would be a mess.

4.2.2 ‘I’m Only Starting, Give me Some More Time’

This category of experiences represents teachers who are at the beginning stage
learning how to use the new technologies in their teaching. What they thought
important was for them to have some more time and exposure in using the new
technologies.

T: After all, there are differences. When we were young, we learnt by rote. Now
they want you to do a bit more thinking. But I agree with John that it’s usually half
and half. Memorization is necessary because you have to learn the basic concepts
at first.

T: Maybe it’s because there are so many new practices. For example, today you
have KF, and tomorrow there’s something else. Like John said earlier, it’s difficult
for us to adjust to something that’s ever changing ... perhaps.

The teacher in the excerpt above was in his first year of his teaching career. He was
rather reserved in expressing his views but tended to agree with another more expe-
rienced teacher. In general, the teacher in the above excerpt is an example repre-
senting those who still need more exposure to the use of KF before they can form
their views.

4.23 ‘Give Me Some Good Reasons Why We Are Doing This’

The third category represents teachers who hold a sceptical view on the use of the
new technologies in the science curriculum. Teachers often doubted if there were
adequate and observable benefits derived from using the new technologies in their
classroom. They tended to focus on the problems and difficulties related to the use
of these new technologies, such as the problems associated with assessing students’
learning online.

T: The marking process is very subjective. Teachers can be subjective too. Like
what counts as good and what doesn’t. What are the criteria? For example, if
I'logon to KF for a hundred times, but all I give is yes and no answers. What
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if the student comes up with a fabulous insight or suddenly comes up with
this really wonderful new idea, how am I going to grade them? It is actually
very difficult.

T: Personally, I think we have to keep the old theories, to force the students to
memorize, and to recite the material. After all, it is still part of the teaching,
I would say half of it. It is because you have to learn the basic stuff. For
example, if you compare students now with students twenty years ago, you
can see a huge difference in terms of academic achievements resulting from
all the reforms, educational reforms and all. And you should know that the
old ideas and practices are there for a reason. Besides that, there are simply
too many things that we are trying, and the teachers don’t know which one to
follow. Today you may have KF, and then you have something else, I have no
idea, I really don’t know all these things. All I know is that there are so many
theories, and I have trouble figuring out which one to follow.

The following excerpt shows that the teacher had a problem reconciling his or her
role as a teacher in using the new technologies. He or she clung onto a transmission
mode of teaching and therefore considered the use of KP might marginalise or trivi-
alise the role of a teacher.

T: Teachers will certainly have less work to do if KF becomes the common
practice. It is because teacher is no longer required to provide answers, but to
raise questions, and let the students think for themselves. Teachers will take
up the role of a helper. We may help the students with technical problems,
and perhaps be a living dictionary when students can’t spell a word right.

I: So the role of a teacher will become relatively unimportant?

T: Yes.

4.2.4 ‘This Is Something Worth Trying, and I’ll Do What I Think
Is Suitable’

This category of description generally treats the new technologies positively.
Teachers’ responses in this category showed that teachers often consciously evalu-
ated the new experiences against their own teaching practice and flexibly incorpo-
rated them into their own practice.

T: Now I would give the kids more chance to look for the answers instead of me
providing the answers. Now, when I teach science, I would ask a few more
questions and ask them to think for themselves, and come up with an answer.

I: What about before this, was the process more important than the result, in
terms of the way you teach?

T: Personally, when I teach the language subjects, I place more importance on
the learning outcomes.

T: For general education subjects, it’s half and half.

T: In terms of language, it depends on the proficiency level. For example, it is
slightly more difficult for primary school students which depend on how well
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they can master the language. Whereas for the senior classes, we have litera-
ture studies and appreciation.

The teacher in the excerpt above was able to recognise the benefits of using KF and
made some changes in his or her own pedagogical practice accordingly. However,
he/she did not think that a general shift to a new practice was warranted for all the
subjects or could be applied to all levels of schooling. This rational view shows that
this teacher had given careful consideration to applying the new technologies and
did not feel obliged to change for the sake of change.

4.2.5 ‘I Love My Students, and I’ll Do What’s Good for Them’

The fifth category of description sees the use of new technologies as embedded in
the caring relationship between the teacher and student. Teachers in this category
valued a warm and supportive teacher—student relationship. Therefore, they would
try their best to help students cope with new experiences of using KF, and derive sat-
isfaction from seeing their students learn and grow using the new technologies. The
teacher in the excerpt below described his close relationship with the students and
explained how the use of the new technologies had become a routine in his/her class.

T: We get along very well. It’s like being a big sister who is followed by a bunch
of younger siblings.

I: Why do the two of you feel that you are being a big sister instead of someone
more senior?

T: I think it’s mainly because the kids feel comfortable talking to us about any-
thing, including school and life in general.

T: First thing in the morning, before I even set foot on the campus, little Allan
would come to me and help me to carry the stuff back to the classroom so that
I can go and sign the roaster. And then, there were times when they reported
to me about what was happening on KF such as what they saw and read, like
some of the rude things that kids from another school had said on KF.

4.2.6 ‘A New Method Is Provided, and We Can All Try Harder
to Make It Work’

The final category of description embraces the use of the new technologies.
Teachers valued the new technologies and expected appropriate changes in existing
practice eventually if teachers could ‘work together’. They also asserted their sig-
nificant role in driving pedagogical change using the new technologies.

T: My evaluation would be, ‘we need to work harder still’. The project is a rather
new experience for all of us. For such a new thing, we’d certainly encounter lots of
difficulties and problems, but I think we can over come that if we work together.
Well, students need the stimulation and excitement from a new learning experience,
and if you always do the same old stuff, they’ll become bored, and lose interest.
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This is a new methodology, and it’s stimulating for the students. I think it’d be able
to help them learn not only from books, but things beyond the textbooks.
T: In terms of the change in teacher’s role, I think it’s more like we are teaching at
a higher level. It’s like traditionally, you tell the students straight whatever you
want them to know. But with the new model, you need to think of ways, perhaps
asking the questions more skilfully, such as how to ask a question so that you can
guide the students to work at a problem. So, I think it’s not that teacher’s role has
become less important, but rather teachers are doing things at a higher level.

5 Discussion

Our analyses of the interview data produced a total of 12 categories of descriptions
from students and teachers who used an online collaboration platform in their sci-
ence curriculum. These categories represent students’ and teachers’ varied learning
and teaching experiences in using the new technologies. According to Marton
(1994), these categories can be taken as ‘outcome space’ and logical relations can
be found between them.

A notable relation between the students’ categories of descriptions is that they
can be collapsed into two global views —positive and negative conceptions of expe-
riences (see Table 1). SCD1, 2 and 3 contain students’ interview responses that are
inimical to the integration of ICTs in the science curriculum. Students in these cat-
egories showed limited interest in using the new technologies, felt uncomfortable
with the physical absence of the teacher in the online platform and considered ICTs
as less effective in achieving desirable learning outcomes. In contrast, SCD4, 5 and
6 are congenial to the use of new technologies for learning. Students’ responses
grouped in these three categories discussed the benefits in using the new technolo-
gies and how ICTs can complement classroom learning. The question is then why
some students embraced the new technologies while others might have developed
a sceptical view about it.

A close examination of the student categories has drawn our attention to two
important antecedent considerations which may have affected students’ learning

Table 1 Student categories of descriptions

Six student categories

Code of descriptions Nature
SCD1 Showing indifference towards the new experience Negative
SCD2 Feeling the loss of the teacher in online learning Negative
SCD3 Seeing the new experience as an obstacle to learning Negative
SCD4 Seeing computer as a communication tool Positive
SCD5 Enjoying new learning that new opportunities provide Positive
SCD6 Seeing online collaboration as complementary to teacher-led Positive

classroom learning
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experiences in KF — teacher dependence and goal orientation. How students respond
to the use of the new technologies or make sense of their new learning experiences
is to a great extent a function of their conceptions of the teachers’ role (and hence,
their role as a learner) and their achievement (versus learning) orientation.

Students’ learning experience in SCD2 can be described as ‘teacher-depend-
ent’. In other words, the effectiveness of their learning is dependent on the physi-
cal presence of a teacher. In an extreme case, as demonstrated in the sample
excerpt, students holding this conception of their new experience will lose interest
in learning altogether when the physical presence of a teacher is missing or is kept
at a minimum level. The importance of teacher dependence can also be found in
SD6 but it was displayed in a rather reflective and flexible manner. These students
have begun to see how both online learning and traditional teacher-led learning
can complement each other. In other words, they have negotiated successfully
among themselves and integrated the new experience into their teacher-dependent
conception of learning.

The notion of teacher dependence may, to a large extent, be related to the tradi-
tional Chinese cultural practice of learning and teaching. Students are taught to
show respect for their teachers and to complete the tasks their teachers have
assigned them diligently. In other words, Chinese students have been socialised to
develop obedience, diligence and respect for authority (Salili, 1997). The KF learn-
ing experiences to a certain extent has physically removed the teacher from the
learning scene. Therefore, the Chinese students will definitely need some time to
adjust to the change before they can appreciate the benefits of shifting from a
teacher-led classroom to a student-centred learning arrangement. To facilitate such
a change, the design of the KF platform should consider retaining a ‘teacher ele-
ment’, for example, by creating a teacher’s chat room where students can take their
ideas to their teachers for advice.

Another priori factor we identified from students’ categories of description is
students’ goal orientation on learning. Students holding different goal orientations
may approach their learning differently (Ng & Renshaw, 2003). Students’ responses
in SCD4 can be taken as a representation of achievement-oriented learning, which
involves the setting of an achievement target or grade. The new learning experience
was taken rather negatively because it was considered as a threat or challenge to the
attainment of students’ achievement targets. In contrast, SCD5 shows an orientation
focusing on learning, understanding and development. The use of KP was consid-
ered favourably for it provides students a chance to explore ideas collaboratively,
develop them and to verify them. In other words, to those holding views like SCD5
or holding a learning orientation, the use of new technologies is seen as an oppor-
tunity for realising his/her learning goals. Further research is needed to verify our
observation regarding students’ goal orientations and their differential learning pat-
terns in the technology-rich environment.

The achievement orientation as shown in SCD4 may be to a certain extent
related to the competition, demand for achievement and examination pressure
which characterise the Hong Kong education system. To compete for high achieve-
ment and to gain entry to the next level of education are always the main concerns
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shared among all the stakeholders in Hong Kong. To cater for students oriented
towards high achievement, some efforts are needed to help students and teachers to
understand how the use of the new technologies promotes learning that results in
high achievement. Without such an understanding, seeing online discussion as ‘a
waste of time’ is no doubt a legitimate response among students who compete to
survive the pressure for achievement in the Hong Kong school system. Equally sig-
nificant is for us to understand why some students focus overtly on learning and
understanding in using the new technologies despite the competitive nature of
schooling in Hong Kong.

As for the teachers’ outcome space, we noticed that their conceptions of learning
showed varying degrees of focus from being self-aware in terms of their own teach-
ing practices, to being object-aware in terms of student’s learning. As shown in
Table 2, TCDI1, 2, and 3 focus more on problems and difficulties associated with
teaching whilst TCD4, 5, 6 take the new technologies as opening up new opportuni-
ties for promoting learning among their students.

Teachers’ interview responses in TCD1, 2 and 3 revealed teachers’ reluctance,
uncertainty and scepticism about the use of ICTs in their science curriculum. In
particular, teachers felt that they were forced to implement the ICTs and did not
have sufficient training and exposure in using the new technologies. They were also
confused about their role in the online discussion platform. These conceptions are
consistent with the findings derived from a research assessing the level of use of
ICTs in Hong Kong schools (Education & Manpower Bureau, 2005). In particular,
over 85% of teachers reported that they had experienced restriction in the use of
ICTs as a result of heavy workload, resource limitation and examination pressure.
This may have been the case for many teachers who have experienced ‘burn out’ in
the past decade adapting to successive waves of educational reforms in Hong Kong.
Our data caution us to rethink if teachers are ready to take in yet another piece of
innovation (cf. Fullan, 1991).

Table 2 Teacher categories of descriptions

Six teacher categories

Code of descriptions Focus
TCD1 ‘Change is irreversible, and I don’t have many Problems and difficulties
choices’ (teaching)
TCD2 ‘I’'m only starting, give me some more time’ Problems and difficulties
(teaching)
TCD3 ‘Give me some good reasons why we are doing this’ Problems and difficulties
(teaching)
TCD4 “This is something worth trying, and I'll do what I Opportunities (promoting
think is suitable’ learning)
TCDS5 ‘I love my students, and I’ll do what’s good for them’ Opportunities (promoting
learning)
TCD6 ‘A new method is provided, and we can all try Opportunities (promoting

harder to make it work’ learning)
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In contrast, teachers who were aware of student’s learning in addition to their
own teaching, or focused on promoting learning generally, expressed greater confi-
dence and ease of manner, when they talked about their experiences in the new situ-
ation. For example, in the case of TCDS5, the goal for teaching is the development
of a moral responsibility for the well-being of one’s students. This consideration
has led these teachers to take the new technologies favourably as a chance to main-
tain the relationship and to further this moral goal of teaching. This conception can
be related to the emphasis on teachers’ moral responsibility within the Chinese
culture. More research is needed to explore how teaching is moulded by Chinese
traditional values. Teachers’ responses grouped in TCD4 demonstrated a subject-
based view on effective learning. In other words, the successful use of new tech-
nologies needs to take into consideration the nature of knowledge in different
school disciplines. The development of this elaborated view will certainly require
teachers’ professional reflection.

Our data did not provide clear indication as to why some teachers focused more
on problems and difficulties in using ICTs while others embraced the opportunities
provided by these new technologies to promote student learning. Nevertheless,
teachers’ differential focuses on ‘teaching’ versus ‘learning’ may provide some
clues as to how ICTs should be integrated effectively into our school curriculum.
Future research needs to explore further the effects of differential conceptions.

To conclude, the use of ICTs cannot be seen as a panacea to educational challenges
posed by globalisation. The implementation of new technologies in classroom does
not guarantee automatic change in learning and teaching. Our findings show that stu-
dents’ and teachers’ conceptions of experiences to a certain extent influence the effec-
tive integration of these new technologies in the primary science classrooms.

6 Implication for Reforming Science Learning
in the Asia-Pacific Region

The current effort in reforming science education in many parts of the world includ-
ing the Asia-Pacific region has increasingly focused on the importance of knowledge
construction. For example, Lunetta and Lederman (1998) portrayed science educa-
tion reform in Taiwan using contemporary pedagogical ideas like constructivism,
interdisciplinary integration, collaborative inquiry and problem-solving, critical
thinking and authentic assessment. Conventional science instructional activities dis-
courage the sharing of knowledge, and the goal is to transmit the textbook’s or
teacher’s knowledge to students (Bielaczyc & Collins, 1999). In contrast is the
notion of learning communities and knowledge construction that seems to challenge
such assumptions. The knowledge-building discourse suggests that learning science
is to develop bases for shared understanding (Bereiter, Cassells & Hewitt, 1997), and
that the practices of the learning community and processes of knowledge building help
students to deal with new situations and to think critically (Curriculum Development
Council, 2001; NSES, 1996). Integrating ICTs in the science curriculum can be an
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effective way for promoting collaborative and constructive forms of learning and
teaching in science education.

It is evident in this chapter that KF can help establish a collaborative learning
network to construct knowledge in science education. In general, ICT tools can
help achieve the work of community and facilitate communication (Gilbert &
Driscoll, 2002). The KF is not only an ICT tool fostering communication and com-
munity building, but used effectively, it can shift the focus of classroom instruction
to a communal approach and create an environment to engage students in collabo-
rative knowledge building. Nevertheless, the integration of ICTs into existing
pedagogic practice of science teaching and learning does not come automatically.
Lee and colleagues (2000) reported a survey of 348 teachers in 36 Singapore ele-
mentary schools to examine the science teachers’ views about their use of peda-
gogical techniques. The pedagogical activities most emphasised by teachers were
completion of science workbooks, teachers’ explanation of concepts, and hands-
on activities. The least emphasised activities were computer-based learning and
activities beyond the textbook and workbook (also see Law in this book). Our
findings in this exploratory study draw our attention to the need to evaluate stu-
dents’ and teachers’ conceptions of experiences in the adoption and use of new
technologies in the science curriculum and how these conceptions may affect the
processes of reforming learning and teaching in science education. The pedagogi-
cal challenge is to enable teachers and students to become aware of their deep-
seated and unchallenged beliefs and to see the need for change. It is suggested that
the implementation of reforming learning in science curriculum needs further
attention from policy-makers, and informed by critical research (Aoki, 2005) of
students’ and teachers’ experiences.
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