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From the Editor-in-Chief

OPEN ACCESS PUBLISHING AS AN INCORPORATOR
OF RESEARCH AND INNOVATION CYCLE

Pertti Saariluoma,
Cognitive Science, Department of Computer Science and Information Systems,
University of Jyviskyld, Finland

Even though basic research doesn’t often result in immediately usable products, it plays an
essential role in technological innovations, as it has formed the basis for many ground-
breaking advances in product development over the decades. For instance, Maxwell’s 19™
century research into electricity and magnetic fields (Copeland, 2000) has resulted in a vast
array of products that many of us take for granted in modern daily life. And Turing’s intuitive
consideration of the way mathematicians think paved the way for the development of
computers (Friedel, 2002) and eventually to many digital technologies. A multitude of similar
examples that demonstrate the connection between ideas emerging from basic research to
product development abound.

On the other hand, it is also common that product design processes provoke new
directions and developments in basic research. In the 1860s, Pasteur investigated why some
local vintners’ wines were spoiling and opened a new frontier on the understanding of how
microbes caused disease (de Kruif, 1926/2002) and, more importantly, on the development of
treatments. Practical needs also led to the invention of logarithms that have become a vital
element of contemporary mathematical thinking.

This reciprocal connection between new ideas in basic research and product
development can be called an innovation cycle, expressing the existent and constant
interaction. New ideas in one area generate more or different ideas not just on that topic or in
that area but also more widely. The expression of new needs or solutions set challenges for
active thinkers, who then take the insights and potentialities from one sector of society or
business to another.

The innovation cycle is an important phenomenon in modern society. Many innovations
quickly find their way into practical life. In reality, however, the innovation cycle doesn’t
always move very fast. The Arpanet (the forerunner of today’s Internet) was introduced in
1969 (Zakon, 2005), but it didn’t become an essential tool for worldwide business,
communication, and entertainment for another 25-30 years. Indeed, many ideas that were
relevant to the development of the Internet were surfaced decades before the global system
became commonplace (Zakon, 2005). Yet, once the structure became known and accepted, it

© 2005 Pertti Saariluoma and the Agora Center, University of Jyvéskyld
URN:NBN:fi;jyu-2005353

109



Saariluoma

provoked a wide variety of forms of usage, products, and services. This example perhaps
points to a modern reality: The faster new ideas find their routes into everyday life, the
broader and deeper their impact on, for instance, social development can be.

In our knowledge society, the advancement of learning and research no longer takes
place strictly at universities and research institutions. Today, numerous types of knowledge
agents—business enterprises, foundations, individual inventors, and other social actors—play
essential roles in knowledge creation. An impact, however, is that the scope of expanding
research is perhaps changing the nature of basic research. Indeed, basic research may no
longer be “basic,” but rather requires a variety of new skills and perspectives to generate the
fundamental insights and creative approaches needed at the start of the innovation cycle. And,
because of the “give-and-take” of the innovation cycle, strong communication is needed
between the various stakeholders within the knowledge production sectors of modern society.

Open access publishing provides one important tool for the communication of
research results and innovative applications within our modern society. This free access to
research findings can mean that anyone—everyone—who seeks the information on
contemporary thinking and testing can tap into the knowledge generated, no matter by whom
or where. Independent of the size or resources of the individual, the organization, or the
enterprise, a designer, a researcher, a manager, etc. may tap into some knowledge and
implement it in a variety of ways. Open access publishing possesses a crucial element of the
broad dissemination of knowledge, and thereby speeds up the innovation cycle. Open access
publishing of research builds essential connections among—and benefits to—universities,
business enterprises, and society at large.
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Guest Editor’s Introduction

INTERNATIONAL PERSPECTIVES ON THE PEDAGOGICALLY
INNOVATIVE USES OF TECHNOLOGY

Marja Kankaanranta
Institute for Educational Research
University of Jyvdskyld, Finland

The children of today grow up having information and communication technologies (ICTs) as
essential and natural parts of their daily life. As they grow, they are expected to become active
and self-directed members in their own local communities and also in the information society
at large. Technology creates versatile possibilities for the acquisition and creation of
information, for self-expression, and for communication and interaction with other people
locally, nationally, and worldwide. Active participation in the information society presumes
novel knowledge, skills, and work approaches from children and teachers alike.

The rapid development of technology has challenged also learning environments to adopt
ICT to support learning and teaching and in guiding children to become its diversified users
(e.g., Baker, 1999; Bergman, 1999; Kankaanranta, 2002). It has been stated that computer use
serves as a trigger for transformations and technology-enriched instructional innovations,
which involve profound changes in and affect the very nature of entire learning environments
(Salomon, 1996). Even though ICTs are nowadays widely utilized in education around the
world as tools for instruction, there are tremendous challenges for developing pedagogically
innovative and quality practices for technology-enhanced education (Kankaanranta, 2004;
Kozma, 2003). It has also become apparent that technology as such is not ready for use in
instruction. It is essential to take the knowledge of human development and learning as a basis
for understanding the needs for which diverse technologies of learning should be developed
and how they can be better designed to satisfy diverse learners, learning environments, and
communities.

In this issue of Human Technology, the overall theme is the pedagogically innovative
uses of ICT. The theme gathers approaches from diverse perspectives as well as the
experiences of, research in, and comparisons between countries around the world. The authors
of the articles are connected to each other through participation in the Second Information
Technology in Education Study (SITES), which was a cross-national comparison of the use of
ICT in education. SITES was organized by the International Association for the Evaluation of
Educational Achievement (IEA, n.d.) and it was intended to provide policy-makers and
educational practitioners, but also the private sector, with information about the use of ICT
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in educational systems. The SITES research was initiated to aid different countries in their
efforts to evaluate the prevailing status of ICT use in education, and to follow and predict the
amount and quality of ICT resources and the trends of its educational use. The SITES
program has, so far, consisted of two modules. Module 1, organized 1997-99, was a survey of
principals and technology coordinators in primary, lower secondary, and upper secondary
schools in 26 countries (Pelgrum & Anderson 2001; SITES M1, 1999). Its basic aim was to
describe the status of ICT in schools. Data were collected at the school level with regard to
the curriculum, ICT infrastructure, staff development, and management.

The articles in this journal issue are based on or related to Module 2 (2000-2002), which
was a qualitative study focusing on innovative pedagogy in relation to ICT use (Kozma, 2003;
SITES M2 Projects, n.d.). The main goals of the SITES Module 2 were to:

e Identify and provide rich descriptions for innovations that are considered valuable by
each country and that might be considered for large-scale implementation or
adoption by schools in other countries.

e Provide information to national and local policy makers that they can use to make
decisions related to ICT and the role it might play in advancing their country’s
educational goals and addressing educational needs and problems.

e Provide teachers and other practitioners with new ideas about how they can use ICT
to improve classroom practices.

e Add to the body of research knowledge and theory about the contexts and factors,
within and across countries, that contribute to the successful and sustained use of
innovative technology-based pedagogical practices. (Kozma, 2003, p. 9)

The participating countries needed to follow four international criteria for the selection of
innovative national cases (Kozma, 2003). The first criterion concerned significant changes in
the roles of teachers and students, the goals of the curriculum, assessment practices, and/or
the educational materials or infrastructure. The second criterion highlighted the substantial
role or the added value of technology in pedagogical practice. The third criterion associates
the innovation with positive student outcomes. There was to be documented evidence that the
intended goals and objectives were attained or had an impact on, for instance, student
learning. The fourth international criterion emphasized the potential of the sustainability and
transferability of the innovative practice from one classroom to the entire school, to the local
region, or even further levels. These international criteria were complemented by a national
perspective, as the national culture, educational systems and expectations, and current status
of schools vary greatly. Thus, a fifth criterion was a local one, involving a national panel to
provide the local definition for innovative pedagogical practices using ICT.

According to these criteria the participating countries selected their national cases for the
study. Altogether 174 case studies were collected and analyzed from exemplary implementation
sites across 28 countries. The national number of cases ranged from 1 to 12, while the average
was about 6 cases per country. The data were collected during school visits: through interviews
with teachers, school principals, technology coordinators, and administrators; focus group
discussions with students, teachers, and parents; classrooms observations; and diverse
documents about case practices. National research groups prepared for each ICT-supported
innovative practice a case report, which was sent to International Coordination Center of
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SITES for further analysis. The case reports can be accessed through a database on the SITES
M2 Web pages (SITES M2 Case Reports, n.d.).

This issue of Human Technology consists of six articles, from authors representing seven
countries which participated in the SITES M2 study. The first three articles are cross-national
comparisons and the three latter articles focus on country-level analysis and issues. The
themes of the articles cover different system levels, starting from the macrosystem or policy
level and proceeding to the microsystems of classroom with their innovative practices.

On the policy level, expectations exist that new technologies will improve and change
schools. In his paper, Robert B. Kozma examines policy-level issues related to the development
and use of ICT. He emphasizes that many countries justify investments in educational reform
and in educational technology with the need for economic and social development. Kozma
reviews literature on economic development, education reform, and educational technology in
order to specify factors influencing economic and social growth and development. The review
builds up to a systemic framework for national policy analyses. The factors are illustrated
through three case countries, namely Egypt, Finland, and Singapore.

The implementation of ICT tools in the curriculum is a complex process. Joke Voogt and
Hans Pelgrum’s paper explores the relationship between curriculum changes and ICT-
supported pedagogical practices. The analysis is based on a subset of SITES M2 cases that
indicated changes of curriculum content and change related to new learning goals. In their
analysis, they utilize a three-dimension framework of curriculum representations: the intended
curriculum, the implemented curriculum, and the attained curriculum. Voogt and Pelgrum
argue that the change towards the information society entails changes in the design and
implementation of educational curricula and also efforts toward developing innovative
technological learning solutions. In their view, students need to develop novel competencies
and lifelong capabilities that are not addressed in the traditional curricula.

The primary aim of the SITES M2 study was to characterize and describe the different
innovative practices as a collection and not to compare the cases and countries with each
other. However, the database of innovative cases provides versatile possibilities for in-depth
further analysis and comparisons. Law, Kankaanranta, and Chow compare the cases of two
systems, namely Finland and Hong Kong. These two countries have performed well in several
recent international comparative studies. However, results of SITES M1 indicated rather
different profiles for the two countries in the implementation of ICT in education. This
motivated the authors to further explore the differences in the nature of the educational
innovations and in the change mechanisms and factors influencing change across countries.

The last three papers each bring one country’s perspective to the discussion of
pedagogical use of ICTs. An Israeli research group has undertaken secondary analysis of their
national cases of the SITES M2 and OECD/CERI' studies. In their paper, Alona Forkosh-
Baruch, David Mioduser, Rafi Nachmias, and Dorit Tubin examine the characteristics of two
patterns of ICT-based curricula innovations, that is, “islands of innovation” and “school-wide
implementation.” The authors contemplate that the study of diffusion-of-innovation patterns
within schools will advance understanding of ICT-based innovation implementation
processes, as well as their transferability and scalability.

The SITES M2 study indicated that in many countries’ innovative use of ICTs was
connected to project work. In his paper, Ola Erstad analyzes ICT-supported project work from
the Norwegian perspective, concentrating on two main themes. The first theme relates to the
changes technology brings about for students and teachers in learning environments; the
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second focuses on the so-called affordances that technology provides for its users. The notion
of affordances can be defined as the action potential of a particular object or item in one’s
environment, or as a range of uses that a person sees for a specific object (Ryder & Wilson,
1996). For example, virtual learning environments can offer users multiple affordances and
also enlarge local learning environments by affording ways of connecting with other people
(Nardi & O’Day, 1999).

The paper of J. Enrique Hinostroza, Christian Labbé, and Magdalena Claro characterizes
Chilean students’ and teachers’ ICT use, based on seven factors. The authors describe the
context of ICT use in Chilean schools as relatively good and as not having any first-order
barriers for implementation of ICT pedagogy. Their concern is on finding qualitatively better
or optimal ways to take advantage of students’ and teachers’ time spend with ICTs for
learning and teaching purposes.

Altogether, the articles provide a broad spectrum of current issues in the use of ICTs in
education: from global perspectives, insights, and visions to the pedagogically innovative
practices in the actual use of ICTs. The 174 cases in the SITES M2 study characterize the best
practices from the participating 28 countries. This means that the lessons learned from them
are not yet part of daily practices in all, or even in most, of the schools worldwide. This is
noteworthy in particular because of the juxtaposition of the speed of technological
implementation in businesses and society at large versus that of schools. Changes in the
processes of education (e.g., curriculum development, pedagogy, the various uses of
technology) are coming at a slower pace. As a result, it is taking a long time for the
technological tools and developments to be fully incorporated into everyday education at even
the most innovative and adaptive schools. How much longer yet will take for this progress to
reach the less advantaged schools and students around the world?

The results have also shown that there are vast differences in the processes of transferring
and sustaining innovative practices for wider learning communities. According to Kozma
(2005, this issue), educational reforms—including ICT implementation—at best, need to be
systemic in nature. A systemic perspective on the studies of technology-enriched learning
environments focuses on the overall changes resulting from technology-intensive
interventions (Kankaanranta, 2002; Salomon, 1996). Technology and the individual
technologies are viewed as constituent elements of a learning environment and they can be
understood only in relation to the larger systems of pedagogical practices (Bruce & Hogan,
1998). It is acknowledged that at the macrolevel technology and the ability to apply
knowledge and technology in new ways (i.e., technological innovativeness) are sources of
significant economic growth (Kozma, 2005, in this issue).

At the moment of this journal’s publication, the latest phase of the SITES research
program, SITES 2006 (see SITES 2006 Projects, n.d.), is in its field test phase in about 20
countries. It is an assessment of teaching and learning practices and of the ways ICT supports
them in secondary schools around the world. The participating countries have been
implementing policies to promote the use of ICT in their education systems (see Plomp,
Anderson, Law, & Quale, 2003). The aim of SITES 2006 is to explore the impact of these
policies on daily practices at schools. The major questions focus on the extent and ways ICT is
used in education and how it supports and enhances pedagogical practices. Another significant
goal is that the results of the new study, taken together with those of the two previous modules
of the SITES program, will provide a forum for inspiration on and synthesis of pedagogical
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revisions for various audiences, be they from the public sector or private enterprises. We trust
that the contents of this issue of Human Technology will add to the discussion.

ENDNOTE

' The SITES M2 study was conducted at about the same time as the OECD study on case studies of ICT and
organizational change in schools, as reported in Venezky & Davis (2002).
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NATIONAL POLICIES THAT CONNECT ICT-BASED EDUCATION
REFORM TO ECONOMIC AND SOCIAL DEVELOPMENT

Robert B. Kozma
Center for Technology in Learning
SRI International, USA

Abstract: Information and communication technology (ICT) is a principal driver of economic
development and social change, worldwide. In many countries, the need for economic and
social development is used to justify investments in educational reform and in educational
ICT. Yet the connections between national development goals and ICT-based education
reform are often more rhetorical than programmatic. This paper identifies the factors that
influence economic growth and shows how they supported economic and social development
in three national case studies: Singapore, Finland, and Egypt. It describes a systemic
framework of growth factors and types of development that can be used to analyze national
policies and connect ICT-based education reform to national economic and social
development goals. And it discusses how the coordination of policies within and across
ministries can support a nation’s efforts to improve economic and social conditions. The
paper highlights special concerns and challenges of developing countries.

Keywords: educational information and communication technology (ICT), public policy,
education reform, economic development, social development.

INTRODUCTION

Over the past several decades, the development of new information and communications
technologies (ICTs) has resulted in significant changes in the global economy and the way
people, companies, and countries interact and do business (Bhagwati, 2004; Sachs, 2005;
Soros, 2002; Stiglitz, 2002). The reduced costs of communication and transportation have
lowered barriers to the flows between countries of goods, services, capital, knowledge, and, to
a lesser extent, people. Increased global trade is associated with significant economic growth.
This growth has, in turn, corresponded to an increased standard of living for millions of
people across the globe, although the benefits of this growth have not been uniformly
distributed across and within countries (Sachs, 2005; World Bank, 2002b).

Beyond the increased flow of goods, economists acknowledge that globalization has
corresponded to a profound shift in the role that knowledge creation and innovation play in
driving productivity and global economic growth (OECD, 1996, 1999; 2004b; Romer, 1993;
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Stiglitz, 1999; World Bank, 2003), a phenomenon referred to as the “knowledge economy.”
Knowledge—unlike commodities—can be used multiple times and by more than one person
without losing value, and it has marginal distribution costs. These facts open the possibility of
an economic production factor with compounding rather than diminishing returns. The
production, distribution, and use of new knowledge and technological innovations have been
major contributors to increased productivity, the upgrade of physical capital, and the creation
of new, high-value-added jobs. Increases in human, institutional, and technological
capabilities are, in turn, major sources of new knowledge and innovation which then feed
economic growth. From this perspective, technological innovation and new knowledge are
both the engine and the product of economic growth. Consequently, investments in research
and development and technological innovation can create new knowledge that spawns a
virtuous cycle of growth.

A third, parallel and related development—sometimes referred to as the “information
society” (European Commission, 2000)—is the set of broader social changes resulting from
the convergence of computers and communication technologies, their assimilation throughout
society and their use for communication, collaboration, and the sharing of knowledge. As
ICTs—including laptops wirelessly connected to the Internet, personal digital assistants, low-
cost video cameras, and cell phones—become more accessible and embedded in society they
offer the potential to restructure organizations, promote collaboration, increase democratic
participation of citizens, improve the transparency and responsiveness of governmental
agencies, make education and health care more widely available, foster cultural creativity, and
enhance the social integration of individuals with different abilities and groups of different
cultural backgrounds.

National policymakers struggle, on the one hand, to create conditions that support these
developments in their countries and, on the other, to craft policies and programs that cope
with them and harness their effects to support economic growth and the public good.
Education is among the public sectors that most effects—and is most affected by—these
developments. The improvement of educational systems and increased educational attainment
are seen as primary ways that countries can prepare for these global, technology-based
changes (OECD, 1999, 2001a, 2004b; World Bank, 2002b, 2003). And within education, ICT
is seen as a way to promote educational change, improve the skills of learners, and prepare
them for the global economy and the information society (Haddad & Draxler, 2002; Kozma &
Wagner, in press; McNamara, 2003; UNESCO, 2002; Wagner & Kozma, 2005).

Consequently, the desire to be globally competitive, grow the economy, and improve
social conditions is often used to justify significant public sector investments in educational
improvement and the application of ICT in schools. For example, in promoting the use of
educational ICT to support the reform program of the current administration, the U.S.
National Education Technology Plan (Department of Education, 2004) stated that the country
“will face ever increasing competition in the global economy” (p. 6). Correspondingly, the
U.S. Government budgeted over US$690 million on educational technology through block
grants to its states in 2004. Similarly, Singapore, a country of 4 million people, budgeted over
USS$1 billion during the 5-year period of its first information technology master plan to install
computers, network schools, and train teachers. In announcing its second master plan, the
Senior Minister for Trade, Industry, and Education said, “Our most important priority as a
nation is to gear up to this future of frequent and unpredictable change, and innovation-driven
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growth” (Shanmugaratnam, 2002). The economic argument for investment in educational ICT
is used even in developing countries. In a policy paper on the topic, Egypt’s ruling National
Democratic Party stated, “integrating modern technology into education has astounding
positive influence on nations’ educational development, economical progress and global
position” (NDP, 2003, p. 3).

While the economic rationale is frequently used to justify ICT investments, and the
investments in educational ICT have been substantial, national plans have often lacked
explicit causal connections between these investments and the desired economic and social
impact stated in national goals. This is an important missing link in the structure of ICT-based
educational reform policies and programs. ICT-based innovation can and does occur in
classrooms without there being a close linkage to national policy (Jones, 2003; Kozma,
2003a). However, without explicating the relationship between ICT-based education reform
and the desired social and economic outcomes and building these outcomes into policies and
programs, it is less likely that these classroom innovations will add to overall national
economic and social efforts and have the ultimate intended effects. The connection between
these educational investments and their economic and social returns is a concern for all
countries but they are nowhere more important than in developing countries, where the
resources are few and both the costs and stakes are high.

In this paper, I review the literature in economic development, education reform, and
educational technology to identify growth factors that influence and are influenced by
economic and social development and ICT-based education reform. I formulate a framework
that can be used to analyze these factors, devise policies, and coordinate strategies.
Throughout the paper, I illustrate these factors and their related issues through case studies of
three countries: Singapore, Finland, and Egypt. I feature Finland and Singapore because of
their significant success in both economic progress and educational attainment and because
they represent alternative, policy-based approaches that support these developments. I pick
Egypt because it is a less developed country that is in the midst of reform and currently in the
process of formulating significant economic and educational policies to promote its
development. I draw on the reviewed material, the framework, and the case studies to make
recommendations for the development of ICT-based educational reform policies and
programs that can strengthen the connection between public sector investments and economic
and social transformation. In doing this, I emphasize the particular concerns and challenges of
developing countries.

DEVELOPMENT AND PUBLIC POLICY

National policymakers have an extremely difficult job. They are confronted by tremendous
global trends over which they have little or no control. They have to manage complex systems
of interconnected departments within the context of an even more complex system of
government, non-governmental, and private entities. They have to make high-risk, high-stakes
decisions about public sector policies and programs. And they work with limited, sometimes
extremely limited, resources. Policymakers must often accommodate the interests of other
countries, multilateral institutions, and transnational corporations, while considering the needs
and welfare of their citizens and the development of their national economy. They are
challenged to provide the institutional environment within which the economy can function
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effectively, craft regulations that moderate market failures, set monetary policies that balance
unemployment and inflation, build infrastructure and supply essential public services that
address the social and economic needs of the country, consider the impact of government
spending on economic growth, and provide leadership that can nurture and facilitate
economic and social development.

Within this highly constrained policy space, how can policymakers balance global trends
and national needs and set policies that foster economic growth and social development?
What are the key factors that are most likely to make a difference when making policy
decisions and public investments? What roles do technology and education play in this mix?
While the answers to these questions challenge the brightest economists and most dedicated
policymakers, they are, for this article, the context in which I explore the connections between
ICT-based education reform and development policy.

The Role of Government Policy in Development

Despite these challenges for policymakers, economists have not always ascribed a central role
to government policy in economic development (Chang, 2003). Classic economic theory
describes the function of the free market and ignores that of government. Governments have
not always reciprocated and the twentieth century was filled with a range of grand
experiments in which governments directed, regulated, or otherwise intervened in their
economies. However, from the 1980s to the mid-1990s, there was a general consensus
(referred to as the “Washington Consensus”), expressed in the policies of international
financial institutions and adopted by many governments, that economic growth depended on
macroeconomic stability and market liberalization, rather than state interventions
(Williamson, 1990, 2000). The International Monetary Fund, the World Bank, and donor
nations emphasized the need for countries to avoid large national deficits, reform taxes, shift
public expenditure patterns, privatize state-owned enterprises, and deregulate financial
markets. According to the consensus, or at least one interpretation of it, the role of national
policy intervention in economic development was limited. The argument postulated that by
stepping back and selling off state enterprises; by allowing the free exchange of currencies; by
easing barriers to trade and capital flow; and by reducing taxes, public expenditures, tariffs,
and deficits; governments would activate the private sector, attract foreign investment, and
stimulate natural market forces to achieve subsequent growth in gross domestic product
(GDP). Public policy and public investment were to be redirected away from industry, trade,
and the financial sectors.

However, after a series of economic crises in Latin America, Southeast Asia, and Eastern
Europe in the late ’90s, this consensus unraveled (Bird, 2001; Lall, 2004; Ranis, 2004;
Rodrik, 1996; Stiglitz, 1998, 2002; Williamson, 1990, 2000). However, a few areas of
agreement remain. Development economists generally continue to believe that price stability
i1s important to investment and that large government deficits are problematic to economic
growth. They believe that open trade and perhaps even privatization contribute to growth,
although this position is now qualified by the need for legal and financial institutions and
regulations that provide the necessary preconditions for liberalization.

But with the failure of the Washington Consensus, there has been a reassertion of the
importance of government policy and intervention. This reassertion emerged in large part as a
result of an analysis of the role of state policy in the development and endurance of the “East
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Asian Miracle” (Jomo, 2001; Stiglitz & Yusuf, 2001). The “Miracle” refers to 5 years of
significant annual economic growth in the early *90s of eight Asian countries: Japan, Korea,
Singapore, Taiwan, Hong Kong, Thailand, Malaysia and Indonesia (Yusuf, 2001). Four of
these countries (Singapore, Hong Kong, Korea, and Thailand) had an annual per capita GDP
above 5% between 1973 and 1996. An analysis of the causes of this growth, particularly in
light of the 1997 crisis and the subsequent rebound, found that government policy played a
strong role in creating the conditions for it (Stiglitz, 2001). While these Southeast Asian
countries varied in their specific approaches to policy, Stiglitz found that among the policies
that contributed to the rapid and robust growth were those that promoted education, facilitated
the production and dissemination of knowledge and technologies, encouraged a high rate of savings,
supported cooperation between government and business, and advanced industrial development.

Alternative Approaches to Development Policy

Economists (Sachs, 2005; Stiglitz, 2001) point out that there is no one development approach
that fits all countries and circumstances. Each country must craft it own policies and strategies
based on sound macroeconomic principles; its history, culture, and geography; its unique
competitive advantages; and its development goals. But what are the factors that are going to
most influence growth and development? Singapore, Finland, and Egypt illustrate alternative
approaches that governments can take to answering this question.

Economic Growth and the Case of Singapore

The case study of Singapore illustrates one approach to state-supported economic growth (this
case report is based on analyses by Anwar & Zheng, 2004; Blomstrom, Kokko, & Sjoholm,
2002; Castells & Himanen, 2002; Economic Review Committee, 2003; Hernandez, 2004;
Rajan, 2003; Wilson, 2000). Singapore is an island city-state of 4.2 million people with an
ethnic mix of approximately 77% Chinese, 14% Malay, and 8% Indian.1 It had an annual
population growth rate from 1975-2003 of 2.2%. It is a parliamentary republic which the
People’s Action Party has controlled since the separation of Singapore from Malaysia in 1965.
Historically, political stability has been maintained at the expense of public participation and
dissent. There is limited freedom of the press, with Singapore scoring 147th out of 167 countries
on the Worldwide Press Freedom Index of the group Reporters Without Borders (2005).

Yet Singapore has come to have a highly developed and successful free market economy
that has experienced significant growth over the past several decades. Despite its very small
population and landmass, Singapore ranks as the world’s 41st largest economy, according to
the Economist (2003), with a gross domestic product in 2003 of US$91.3 billion (UNDP,
2005). Signapore has a high standard of living with an adjusted per capita GDP of
US$24,481. However, Singapore has a high income disparity, with the ratio of the income of
the top 10% to that of the bottom 10% being 17.7. It was ranked as the world’s seventh most
competitive economy by the World Economic Forum in 2004 and second most competitive
by the Institute for Management Development in 2004. These indices attempt to measure a
country’s macroeconomic environment and the quality of public institutions and
infrastructure. On the UNDP (2001) Technology Achievement Index that measures access,
technology creation, and education, Singapore was ranked 10th internationally, with a score of
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.585. The World Bank (2005) reports that that Singapore had 622 PCs per 1000 people in 2003
and the UNDP (2005) reports that there were 509 Internet users per 1000 people in that year.

Since starting out as a developing country with its separation from Malaysia in 1965,
Singapore’s economic growth has been closely linked to the emergence and evolution of state
policies. The government’s initial strategy was to focus on the development of physical and
labor capital. They instituted policies to develop a labor-intensive, export-driven industrial
economy by building a private savings-financed infrastructure and attracting foreign direct
investment (FDI) from transnational corporations. Singapore had few competitive advantages.
It has essentially no agriculture or natural resources and a small domestic market. But it has a
deep-water port and a strategic location in the shipping corridors of Southeast Asia. Through
the 1960s and 1970s, Singapore was considered to be a reservoir of cheap labor as a result of
the government’s wage controls and restrictions on labor unions. The particular combination
of constraints and competitive advantages supported the strategy of promoting a labor
intensive, low value-added, entrepot economy. Low tariffs allowed inexpensive imported
parts to enter the country for assembly by low-wage laborers and the export of finished goods.
The government created a forced retirement savings program to which both employees and
employers contributed at a very high level, up to 40%, and used this to finance the
development of a re-export-friendly infrastructure (such as port facilities, airport, roads, and
telecommunications infrastructure), without recourse to high taxes, deficit financing, foreign
commercial debt, or foreign aid that would otherwise put a drag on the economy. Human
capital development was an important part of this strategy and Singapore built up a strong
education system to supply a literate labor force with a reasonable knowledge in basic
numeracy. The government coordinated these investments around the development of
strategically selected industrial clusters—the geographical concentration of firms and
ancillary units engaged in the same sector. The government courted transnational corporations
in industries such as consumer electronics and computer peripherals by providing them with
incentives for locating production facilities in their country and thus tapping into global value
chains of these industries.

Foreign businesses benefited from low import tariffs and implicit subsidization from
ready-made factory sites, technical education and training, and education delivered in the
English language. Because government investments were strongly complementary to the
private sector, there was a large degree of “crowding in” of private investment and Singapore
became a leading destination for FDI. Singapore in turn benefited from the importation of
technology that came along with these investments. The government used the stability of its
extended tenure to refine its strategy and develop it over time, leveraging initial gains in the
economy to pursue a growth trajectory that moved from low value-added export to high
value-added manufacturing and services. As a result of this strategy, Singapore’s GDP grew
at an impressive average annual rate of about 4.9%, during the period 1975-2003 and 3.5%
from 1990-2003 (UNDP, 2005). This compares to at rate of 2.0% and 2.1%, respectively, in
the US during these periods.

However, in the mid-1990s, economists noted that much of Singapore’s economic growth
was due only to the accumulation of its input factors—growth of its labor force and foreign
capital—rather than growth in total factor productivity (Krugman, 1994; Young, 1995). Total
factor productivity is the amount of growth in the economy beyond that attributed to growth
in labor or physical capital. While growth in labor or capital has diminishing returns, growth
in total factor productivity—which is often attributed to technological innovation—is
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associated with compounded economic growth and sustainable development. In effect,
Singapore was able to grow its work force, its physical capital, and its economy by tapping
into the global market, bringing in transnational corporations, and with them imported
technology developed elsewhere. However, Singapore did not develop its indigenous
technological innovativeness; investment in local research and development was substantially
lower than other newly industrialized countries in Asia. Furthermore, locally owned
companies did not participate in economic growth, so economic development was not
widespread. Consequently, analysts felt that Singapore’s initial growth was subject to
diminishing returns and would run its course and flatten out. According to analysts, in order
to continue its growth, Singapore would have to increase its research and development (R&D)
and technological innovativeness, enhance the creativity of its labor force, and foster local
entrepreneurship and widespread participation in the economy.

In the late 1990s, the government acknowledged this problem and has subsequently
shifted its policies to address it. In 2003, the cross-ministerial Economic Review Committee
(2003) issued a report that recommended a number of measures to promote more sustainable
economic growth. In addition to recommending upgrades in the existing industrial clusters of
electronics, chemicals, biomedical sciences, and engineering, it promoted the development of
new clusters, such as micro-electromechanical systems and nanotechnology, and new
exportable services in areas like health care, education, and creative industries. Significantly,
the government also recognized a third factor needed to sustain its economic growth—
knowledge creation and technological innovativeness.

Social Development and the Case of Finland

The relatively narrow focus of Singapore’s early industrial policy of economic growth based
on factor accumulation can be contrasted with the approach taken by Finland, which was
more focused on social change and mobilizing widespread participation in development.
Some development economists (Bourguignon, 2004; Sachs, 2004, 2005; Stiglitz, 1998) take
the position that sustainable development policies must go beyond economic growth to
include social development. The goal is to not only to minimize market distortions, develop
physical infrastructure and human capital, and support economic growth but also to minimize
distributional inequities, increase the standard of living, preserve natural resources, and
develop society’s capacity to create, absorb, and adapt to new knowledge. In brief, the goal is
the systemic transformation of society. The approach is systemic in that all levels of society
are included in the development strategy: the private sector, the public sector, the community,
the family, and the individual. It is transformational in that all of these levels are working
together to move toward a shared vision and bring about fundamental change in society. The
case study of Finland provides an example of this broad-based, systemic approach to
development (Blomstrom, Kokko, & Sjoholm, 2002; Castells & Himanen, 2002; OECD,
2004a; Stevenson & Lundstrém, 2001). Finland achieved this transformation not by top-down
command but by creating a policy environment that nurtured and built upon consensus about
socially valued goals. These policies facilitated widespread, cross-sector organizational
networking and supported the creation of new knowledge and technological innovation that
compounded economic growth.

Finland is a country of 5.2 million people, 93% of whom are ethnic Finns. The population
in Finland is aging with an annual population growth rate between 1975 and 2003 was only
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4%. It has significant natural resources in timber, iron ore, copper, lead, zinc, and other
metals and the extraction and use of these resources is the traditional base of the Finnish
economy. Finland is a parliamentary republic with a strong multiparty system. It is a member
of the European Union (EU) and the Organization for Economic Co-operation and
Development (OECD). There is extensive participation in the political process and the
country has a vibrant free press, scoring at the top of the 2004 Worldwide Press Freedom
Index (Reporters Without Borders, 2004). Finland has maintained its commitment to the
Nordic form of welfare state despite occasional declines in the economy and shifts between
left and center governments over the past two decades. This commitment includes free high
quality schooling from kindergarten through university and universal health care.

Finland has a highly industrialized, largely free-market economy. The country ranks as
the 31st largest economy according to the Economist (2003), with a GDP in 2003 of US$162
billion (UNDP, 2005). It has a high standard of living with an adjusted per capita GDP in
2003 of US$27,619. It was ranked as the world’s sixth most competitive economy in 2005 by
the Institute for Management Development and as the world’s most competitive economy by
the World Economic Forum in 2004. It ranked first in the UNDP (2001) Technology
Achievement Index, with a score of .744 and it had a reported 441 PCs (World Bank, 2005)
and 508 Internet users (UNDP, 2005) per 1,000 people.

Between 1990 and 2000, there was a fundamental structural transformation of Finland’s
economy, as it moved from a raw materials-based manufacturing economy to one with a high
concentration in high-tech products, particularly in the area of telecommunications. During
this period, unemployment was halved from 20% to 9% and the balance of trade moved from
a large deficit to a significant surplus. The value of Helsinki’s stock market rose well over
200%, with 70% of its shares held by foreign investors. The country’s average annual per
capita growth rate was 2.0% between 1975 and 2002. Between 1990 and 2002, the economy
grew at an annual rate of 2.5%, despite a significant economic downturn early in that period.
The US grew at a rate of 2.0% during this entire period. Most notably, Finland has among the
lowest income disparities in the world, with the ratio of the income of the top 10% to that of
the bottom 10% being 5.6 (UNDP, 2005). This compares to 17.7 for Singapore and 15.9 for
the US. This dramatic economic transformation relied on two important interrelated
developments: change in government policy and innovation in the private sector.

In the early 1990s there was a significant recession throughout the Finnish economy with
an average annual GDP growth rate of -3.5%. Despite the recession, the government
continued its commitment to the educational, health, and social service components of the
Finnish welfare state and this commitment was integrated into new policies that promoted
economic growth and social development. In response to this crisis, the Government of
Finland instituted a series of policy changes that shifted resources from the subsidization of
large but uncompetitive industries to investments in infrastructure, education, and research
and development. Public R&D investments grew rapidly in the *90s, funded by revenue from
the privatization of state-owned enterprises. These public investments were structured to
encourage cross-sector, private-public collaborations in research and innovation. In parallel,
private R&D investments grew at an even faster pace, the result being that the nation’s total
R&D funding grew from 1.9% of GDP in 1990 to 3.4% in 2000, compared to 2.1% in 2000
for Singapore and 2.8% for the US. The use of this new knowledge was across sectors in
Finland, with 40% of all innovative firms reporting that they cooperated with universities or
public research institutes. The government encouraged entrepreneurial activity and the
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development of small and medium enterprises (SMEs) by supporting incubators for start-ups,
promoting capital investments, and fostering cooperation between SMEs and large businesses.

The result was broad-based growth. In 2000, there were approximately 200,000 SMEs in
Finland employing about 60% of private sector work force. Policies shifted from direct
support of specific industrial clusters to horizontal policy measures that supported cluster
development, such as the improving cluster-specific skills and encouraging networking within
clusters. Networking and improved knowledge flows increased the productive interactions
among firms and organizations within clusters. There was also a shift from policy vision for
how all sectors of society would benefit economic growth and the social condition in Finland.
In the early ’90s, the Ministry of Finance appointed a broad-based board to draft a national
information society strategy and articulate a vision for what Finland would be like as a
country enriched by ICT. The board reported that, independence within government
ministries to policy interdependency across ministries and sectors.

The impact of these decentralized activities was focused and coordinated by a common
vision for how all sectors of society would benefit economic growth and the social condition
in Finland. In the early *90s, the Ministry of Finance appointed a broad-based board to draft a
national information society strategy and articulate a vision for what Finland would be like as
a country enriched by ICT. The board reported that,

The Finnish society will develop and apply the possibilities of the information
society in an exemplary, diversified and sustainable manner in order to
improve the quality of life, skills, and international competitiveness and
interaction. . . . Finland will be developed into an information society, in which
knowledge and expertise form part of the culture and also the key factor in

production (Information Society Advisory Board, 2000, p. 5).

The Information Society Program is now managed by the Information Society Council of
ministers from Transport and Communications, Defense, Finance, Education, and
representatives of the National Technology Agency, businesses, civic organizations,
educational organizations, regional organizations, health care organizations, and unions. It is
chaired by the Prime Minister. The Council periodically reviews issues and progress toward
achieving the country’s development goals.

These changes in government policies paralleled change in the private sector. The growth
of the Finnish economy is probably most often associated with the dramatic transformation of
one particular company: Nokia. Nokia started as a wood pulp and paper mill company but
over time it added other ventures in rubber and cable works to develop into a large,
hierarchically structured conglomerate. In the 1980s and early ’90s, Nokia experienced a
significant financial crisis and their workforce was cut in half from 44,000 to 22,000 (Castells
& Himanen, 2002). In response, Nokia appointed a new CEO who was the head of the
company’s then-small mobile phones division, and a new, like-minded board. They
transformed the company by divesting it of all businesses except telecommunications and
focusing on the global market. The company shifted the funding of its growth from bank
financing to portfolio investment that attracted both domestic and foreign investors and a
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significant portion of this capital was put into R&D. The company also changed its
organizational structure and culture, moving from a hierarchically managed conglomerate to a
distributed network of subcontractors and clients. Interactions within this network were
facilitated by the transparent sharing of information, more and more of which was done via
electronic networks. The rapid sharing of information about consumer needs was quickly
reflected in the development of new products and their production by the company and its
suppliers. By 2000, Nokia employed about 60,000 workers, with 25,000 in Finland—about
1% of total employment in the country. Nokia’s suppliers and partners accounted for another
20,000 employees. Together, they accounted for about 70% of Finland’s information
technology exports, nearly 25% of its total exports, and over a third of Finland’s GDP growth
(Castells & Himanen, 2002).

Special Concerns of Developing Countries and the Case of Egypt

While the success of Singapore and Finland are inspiring, most countries are faced with a
different set of current realities. For many countries, achieving economic growth and social
development is a work in progress. Egypt is one such country. In the earlier stages of
economic development, government policymakers are faced with making decisions and
allocating limited resources in ways that are most likely to launch a virtuous cycle of
compounding growth. This task is most challenging for those countries that have the smallest
economic base to begin with and the fewest resources to invest. Governments in least
developed countries are faced with the additional challenge of planning for future growth
when they lack sufficient resources to address the most immediate, often dire, needs of their
citizens—such as imminent epidemics, hunger, and extreme poverty. Within this context,
policymakers must make the difficult decisions of addressing immediate concerns while
selecting those few development goals, policies, and programs that are most likely to create
additional resources and lay the foundation for further development.

The World Bank and the United Nations are among the post-World War II Bretton
Woods organizations set up to assist less developed countries in setting policies and creating
resources. The World Bank (Wolfensohn, 1999; World Bank Institute, 2002, 2003, 2004) and
the UN (2000) have worked together over the past several years to build a global consensus
on a comprehensive approach to development and poverty reduction. The United Nations
established the Millennium Development Goals to reduce poverty, educate children, improve
health, and protect the environment in developing countries by 2015. Through a series of
meetings in Monterrey, Johannesburg, and Shanghai, the UN and the World Bank worked
together to tie economic growth to human development and the reduction of poverty.

The United Nations Industrial Development Organization (UNIDO) recently issued a
series of reports commensurate with the Millennium Development Goals (UNIDO, 2003a,
2003b, 2004a, 2004b) in which they describe how industrial development policies can spur
economic growth, support human development, and reduce poverty. Confronted with intense
global competitive pressures, developing countries may be tempted to take the “low road” to
development by reducing wages, devaluating exchange rates, and disregarding labor or
environmental regulations. UNIDO described an alternative “high road” approach to
economic development in which less developed countries use competitive advantages, create
a stable macroeconomic structure, liberalize trade, and attract transnational corporations, FDI,
and imported technology. The approach builds on competitive advantages and sound policies
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and investments to deepen capital, foster local R&D and enterprises, build technological
innovativeness, and move up the value chain to initiate a virtuous cycle of development and
transformation. This was the approach taken by Singapore to launch its development.

Although attractive, this strategy itself presents a challenge for those countries that are
coming to it late, most of which are less developed countries. Relying only on low-cost labor
is no longer a sufficient initial buy-in strategy, as many transnational corporations already
have established production facilities in low-wage countries, currently China. The
development of clusters must be more strategic. In this regard, it can be useful to narrow the
focus of the development strategy from the whole economy to the development of particular
clusters—certain industries (e.g., agriculture, tourism, textiles) and locations (e.g., cities, rural
areas, geographical regions) that have the potential for contributing to global value chains. By
carefully considering geography and competitive advantages, a government can either directly
support (a la Singapore) or foster (a la Finland) the development of a target cluster around
which infrastructure can be developed, enterprises can be agglomerated, private investment
can be accumulated, and competition can be encouraged. For many countries, the
development of a cluster in the ICT sector is tempting because it most directly taps into the
high-road growth path and connects to the high-value global knowledge economy. But the
conditions must be right for this strategy to work (Chang, 2001; Lall, 2003; Navaretti & Tarr,
2000). A large-scale investment in technology and technological infrastructure will not be
sufficient by itself. Beyond the availability of necessary infrastructure, both the work force
and enterprises must have the capacity to absorb new technologies and apply them
innovatively to some aspect of the value chain. This often requires significant public and
private investments in human capital development that, along with supportive economic
policies, a dynamic information infrastructure, and an innovation system of firms, universities,
and R&D centers support the development of a knowledge economy (World Bank, 2003).

The case of Egypt typifies the concerns and challenges facing many countries,
particularly developing countries. (This case is based on Aubert & Reiffers, 2003;
International Monetary Fund, 2004; Kozma, 2004; UNDP, 2004; World Bank, 2002a). Egypt
is a country with a population of 73.4 million, a current annual growth rate of 1.9%, and an
ethnic mix of 99% Egyptians, Bedouins, or Berbers, and 1% Nubians or Europeans. Egypt has
a republican form of government in which the National Democratic Party (NDP) has
controlled the People’s Assembly since 1977 and its leader, President Mubarak, has been the
Head of State for 24 years. During this time the country has been under a continuous state of
emergency. Consequently, the country has limited public participation in politics and limited
freedom of the press, scoring 128th out 167 countries on the Worldwide Press Freedom Index
(Reporters Without Borders, (2005).

Although not among the world’s poorest countries, Egypt is considered by the World
Bank to be a lower middle-income country. Egypt ranks as the world’s 39th largest economy
(Economist, 2003), with a gross domestic product in 2003 of US$82 billion. In that year, it
had an adjusted per capita GDP of US$3,950. The ratio of the income of the top 10% to that
of the bottom 10% is 8.0. It was ranked as 62nd out of 104 countries in the World Economic
Forum’s (2004) competitive index. Egypt has experienced a hardy economic growth over the
years, with an average annual growth rate of 2.7% during the years 1975-2003 and 2.5% from
1990 to 2000. This compares with the U.S. growth rate for these periods of 2.0% and 2.1%
respectively. While economic growth in Egypt has been encouraging, the high poverty rate
impedes the country’s economic progress. The UNDP (2005) cites a figure of 44% of the
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population living under the poverty level of US$2 a day. Almost 900,000 people join the
labor force in Egypt each year and the economy absorbs just under 60% of this supply
(Radwan, 2002). The UNDP (2005) credits Egypt with only a 55.6% adult literacy rate and
literacy is particularly low among women (43.6% compared to 67.2% for men). These
conditions, among others, currently constrain the type and amount of economic growth that
Egypt can expect in the near future.

In response to the global trends mentioned above, Egypt is in the process of social and
economic reform. The government recently instituted modest electoral reform that allowed
citizens to vote directly for president for the first time in the fall of 2005, although opposition
candidates faced significant qualification hurdles and constrains on press and speech
freedoms. The country is also transitioning from a heavily state-directed economy to a less
regulated, more open economy. There has also been some limited progress in privatizing state
enterprises and state banks. The government has recently taken steps to bring some tariffs into
World Trade Organization compliance but overall protection remains high. And while the rate
of reform has been slow, the Prime Minister and Cabinet have taken macroeconomic
measures to increase growth, including tariff reduction and tax reforms (“Mubarak fully
supports...,” September 30, 2004). But the country is burdened by a top-down organizational
structure and entrenched bureaucracy associated with a command economy and these
conditions inhibit reform.

In August of 2004, the new Prime Minister presented an economic development strategy
intended to turn Egypt’s ICT sector into a major engine for economic development. Entitled
Egypt’s “Information Society Initiative,” the initiative offers a vision of providing equal
access for all to information technology, nurturing human capital, improving government
service, providing companies with new ways to do business, improving health services,
promoting Egyptian culture, and developing an ICT export industry (Ministry of
Communication, Information, and Technology, 2005). However, as common among
latecomers to this sector, the development of Egypt’s ICT cluster is not straightforward. For
example, Egypt spent a mere .02% of its GDP on research between 1997 and 2002, according
to the UNDP (2005), compared to 2.2% for Singapore and 3.5% for Finland. And while a
recent study by the International Telecommunications Union (2001) recognized that Egypt
has one of the largest ICT sectors and among the highest levels of computer and Internet use
in North African and Middle Eastern countries, the ICT penetration in Egypt is quite low as
compared to countries that have grown their economy through the ICT sector. For example,
there are only 22 PCs per 1000 people in Egypt, according to the World Bank 2005 World
Development Indicators, and only 4% of Egypt’s population is connected to the Internet
(UNDP, 2005). This compares to 53% of the population for Finland, and 51% of the
population for Singapore. The UNDP (2001) rates Egypt as 57th on its Technology
Achievement Index, with a score of .236. The low penetration rate of technology interacts
with the country’s geography and poverty. Most of the infrastructure is concentrated in the
Cairo area. Most of the country’s poor are concentrated in Upper Egypt and Lower Rural
Egypt (El-Laithy & Lokshin, 2003) and they are least serviced by the current ICT
infrastructure, according to the International Telecommunications Union (2001).
Consequently, there is concern that ICT-based developments might exacerbate the situation
for the poor in Egypt by creating a two-tiered information society that increases inequity in
the country (Wheeler, 2003).
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This case highlights some of the issues for developing countries as they consider strategic
options for economic growth, particularly the development of an ICT cluster to tap into the
global value chain and support a knowledge economy. The World Bank (2003) identifies four
pillars of the knowledge economy: supportive macroeconomic policies and institutions, an
educated and skilled population, a dynamic information infrastructure, and an innovation
system of firms, universities, and R&D centers. Egypt lacks many of these conditions, as do
many other less developed countries. Egypt is still emerging from a highly state-controlled
economy, a large bureaucratic infrastructure, and, as we will see in the next section, an
education system that is focused on rote memorization. Egypt has a constrained political
process with limited public participation and a controlled press. These conditions reduce the
capacity for technology absorption and innovation and this, in turn, limits the potential
economic growth. Yet the experience in Singapore and Finland suggests that if sustainable
growth is to occur in Egypt, public policy must support the development of physical capital,
raise the quality of the workforce, and promote knowledge creation and sharing. If social
transformation is to occur, these changes must be focused on reducing inequities, improving
the standard of living, and increasing civic and political participation. But everything does
not, nor cannot, change at once, particularly with limited resources. Faced with this dilemma,
the task of Egyptian policymakers is to find the key pressure points and strategic levers that, if
applied, will make the system dynamic and launch a virtuous cycle of sustained growth within
the economic and social systems.

Summary of Development Issues

What have we learned so far about the factors that influence economic and social
development? From the Singapore case, we learned about the important role that the
deepening of physical and human capital can play in economic growth. Government policies
can support dramatic economic growth even when starting with a low-wage labor base by
developing a business-friendly infrastructure, investing in education, liberalizing trade, and
encouraging foreign direct investment. However, the importation of foreign technology may
have only a limited effect on a nation’s technological innovativeness and indigenous
industrial base and a narrow focus on economic development may create social inequities and
limit long-term growth.

We learned from the case of Finland that knowledge -creation, technological
innovativeness, organizational networking, and knowledge sharing can support both sustained
economic growth and social development. Government policies and programs can build
infrastructure, nurture the development of small- and medium-sized enterprises, encourage
both competitiveness and collaboration, and spur widespread participation and broad-based
economic and social transformation. A cross-ministerial, cross-sector vision can serve to
coordinate widespread participation and focus the impact of these distributed endeavors.

The key lessons from Singapore and Finland for Egypt and other countries are that well-
crafted government policies can make a difference in a country’s economic and social
development. But we learned from the case of Egypt that crafting the right public policy can
be a huge challenge, particularly for a developing country. The strategic development of
industrial clusters can offer less developed countries a viable way to tap into the global value
chain in support of capital deepening. The development of the ICT sector presents a unique
opportunity to build technological innovativeness. But it presents significant challenges as
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well. This approach requires a sound technological infrastructure, a highly skilled workforce,
economic openness, and broad social participation. With limited resources, developing countries
have to find the key pressure points and strategic levers within the system that can be used to
initiate change and launch a virtuous cycle of sustained economic and social transformation.

We also learned from Singapore and Finland that investment in education can be an
important component of a government’s strategy to support economic and social
development. With this in mind, let us explore how education can serve as a lever to initiate
change and launch transformation.

EDUCATION AND DEVELOPMENT

The economic and development policy literature ascribes a very important role to education in
economic development (OECD, 2001b, 2002; 2004b; Stiglitz, 1998; Temple, 2001; UNIDO,
2003a, 2003b; Wolfensohn, 1999; World Bank, 2003). In the narrowest sense, education
increases the productive skills of laborers and these skills increase the productivity of the
economy and increase the earning power of the individuals. In a broader sense, education has
an impact on a person’s sense of well-being, job satisfaction, and capacity to absorb new
ideas and technologies, as well as an impact on increased community participation, improved
health, reduced crime, and so on. Because of the economic and social benefits of education,
the United Nations launched its Education for All initiative in 1997 and subsequently
connected this effort to the Millennium Development Goals and the Literacy Decade initiative
(UN, 1997, 2000, 2002a, 2002b). These efforts commit developed and less developed
countries to work together to provide universal primary education, increase adult literacy,
eliminate gender disparities in education, provide youth with life skills, and improve the
quality of education.

Studies of the Economic and Social Impact of Education

Empirical studies confirm that education can make an important economic contribution. This
is found in both microeconomic and macroeconomic analyses. Microeconomic studies have
found that a person’s investment of time and money in additional education returns a higher
income. For example, in an examination of microeconomic studies from 42 countries,
Psacharopoulos and Patrinos (2002) found that an average rate of return for an additional year
of schooling was a 9.7 percent increase in personal income. People in low- and middle-
income countries benefited relatively more from additional education than those in high-
income countries. People in Latin American and Sub-Saharan African countries benefited
more than those in other regions. The returns were positive but lower for non-OECD
European, Middle Eastern, and North African countries. Across all countries, the highest
returns were for additional years of primary school, while people in low-income countries
benefited most from additional years of higher education. Women received higher returns to
their investments than men at the secondary level but men had higher rates at the primary level.
While microeconomic studies look at the impact at the individual level, macroeconomic
studies look at the benefit of educational investment to the economy as a whole. In a cross-
country examination of the relationship between education and economic growth, Barro
(2000) found that in the sample of males aged 25 or older, there was an additional .44%
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growth in a country’s per capita GDP for each additional average year of attained schooling, a
return on investment of 7%. A review by Sianesi and Van Reenen (2002) found a return of 3
to 6% and a review by Stevens and Weale (2003) found returns that ranged from 6 to 12%.
Sianesi and Van Reenen (2002) found that primary and secondary education had the largest
return for less developed countries, while tertiary education had the largest returns for
OECD countries. They also found indirect economic effects of increased education, such
as associated increases in investment and the uptake of technology. Most importantly,
Barro (2000) found that measures of the quality of education had a stronger relationship to
growth than mere levels of attainment. That is, the amount learned was more important
than the number of years of schooling. Using international comparative test data, Barro
found that scores in science and math, particularly science, were highly correlated with
economic growth. A one standard deviation higher in test scores equated to 1% growth in
per capita GDP.

Beyond impact on personal income and economic growth, investment in education
has social returns, and secondary economic effects. For example, studies in the United
States (Coley, 1995; Kaestle, et al., 2001; National Center for Educational Statistics,
2002; Rumberger, 1987; Schwartz, 1995) indicate that high school graduates are less
likely to be unemployed than those who drop out of high school and they are less likely to
go on public assistance. High school completers are also less likely to have health
problems, to engage in criminal activities, and to become dependent on government
programs than are high school dropouts (Rumberger, 1987). Dropouts comprise nearly
half of the heads of households on welfare, and a similar percentage of the prison
population. Dropouts are more likely to be to have babies and/or to be married by the age
of 18. Unsurprisingly, the highest rate of adult illiteracy is for those who have dropped out
of high school, and dropouts are the least likely to engage in literacy activities (Kaestle, et
al., 2001). Further, United States employers reported that they had to provide approximately 7%
of their employees with training in basic skills, such as reading, writing, arithmetic, and English
language skills (Bureau of Labor Statistics, United States, 1996).

Alternative Approaches to Education and Development

However, the problem with microeconomic or macroeconomic studies of the return of
educational investment is that both treat the educational system as a black box. There is no
causal connection made between what goes on in school and how that may lead to economic
and social development. There is no accounting for the effects of curriculum, pedagogy, teacher
quality, or the use of ICT that might actually influence what it is that students know and are able
to do as a result of their educational experience. And there is no connection between these
components of the education system and the factors that influence economic growth and social
development. Yet the details of these connections are very important to the educational
policymakers who are charged with trying to prepare a workforce that is globally competitive
and citizens who can participate in the knowledge economy and information society.

Education and the development of human capital have been central to the development
strategies of each of our case study countries. An examination of the way each country
addressed the various components of the education system as a part of their development
effort can help identify the specific connections between education and development policies.
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So informed, we can then explore how ICT-based education reform might be used as a lever
to initiate economic growth and social development.

Economic-Based Education Reform in Singapore

An examination of the case of Singapore illustrates one way a country can make significant
educational investments that pay off economically. In Singapore, education decision making
is centralized at the Ministry of Education. The high quality of Singapore’s education system
is evidenced by the fact that their students scored at the top of all countries in both
mathematics and science in both the 4th and 8th grades in the 2003 Trends in International
Mathematics and Science Study, or “TIMSS”, an international assessment of student
achievement (Mullis, et al.,, 2004a, 2004b), as they have performed consistently well in
mathematics over the past decade. UNDP (2005) figures indicate that the adult literacy rate is
96.6% for males and 88.6% for females.

Singapore’s education policy is strongly linked to the development of human capital
(Ashton, Green, Sung, & James, 2002). Officials from the Ministry of Trade and Industry
chair the Economic Development Board, a cross-ministry agency that sets directions for
policies in other relevant ministries, including education. From the beginning of Singapore’s
modern economic development, the government tasked the education system to supply
targeted clusters with skills necessary for their labor force. Anticipated skill needs were
translated into production goals for secondary, polytechnic, and university institutions. As the
initial, low-wage, export-based strategy achieved full employment and the development
policy shifted toward high-value-added production, the government upgraded its education
requirements. Secondary schools were to produce higher levels of skills in science,
mathematics, and language; tertiary institutions were to produce more engineers and
scientists. High-stakes tests were used to assure that the most able students had access to the
higher levels of education. To upgrade the current labor force, a tax was imposed on low-
wage jobs; the resulting funds were put into skill upgrading, and these funds could be returned
to those corporations that participated in training programs. Unions also participated in the
skills upgrading effort. The most recent shift to a knowledge economy development strategy
has resulted in yet another set of economic development-driven changes in Singapore’s
education system. Indeed, part of the current economic plan includes the development of
Singapore as a regional educational hub that would contribute directly to economic growth.

In coordination with shifts in the economic development plan toward a knowledge-based
economy, the Education Ministry instituted a number of reforms under the title “Learning to
Think, Thinking to Learn: Towards Thinking Schools, Learning Nation” (Ministry of
Education, Singapore, 2000). An important component of the reform was to create a better
balance in the curriculum between the acquisition of factual knowledge and the mastery and
applications of concepts, and the development of individual curiosity, creativity, and
enterprise. Thus the curriculum was broadened beyond a set of cores skills and values to
include information skills, thinking skills and creativity, communication skills, knowledge
application skills, self-management skills, and character development. To develop these skills
and attitudes, cross-discipline project work was introduced into the classrooms. Assessment
was revised to measure students’ skills in analyzing and applying information, thinking, and
communicating. The plan also strengthened the connections between the school, the home,
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and the community, as part of a larger social development plan that encouraged a more active
participation of citizens in community life.

ICT has been an important component of Singapore’s education reform. In 1997,
Singapore initiated a 5-year ICT plan, called “Master Plan for IT in Education,” to incorporate
technology into the school system (Mui, Kan, & Chun, 2004). This $US1.2 billion project
provided a national blueprint for the use of ICT in all schools and aimed to create an ICT-
enriched school environment for every child. This first master plan focused primarily on
installing computers and high bandwidth Internet access in schools and classrooms and
training teachers on the use of computers. In 2002 the Ministry launched its Master Plan 2, in
coordination with “Thinking Schools: Learning Nation” reforms. The new master plan
adopted a more systemic, holistic approach in which all the key components of the system—
ICT, curriculum, assessment, instruction, professional development, and school culture—
were integrated. Changes in one area were to be matched to changes in others within the
Education Ministry. For example, the curriculum was reduced by 10 to 30% to allow for the
integration of technology in the subject areas and university admission required the
submission of an electronic portfolio of student work, in addition to exam scores.

Societal Transformation and Education Reform in Finland

The case of Finland provides a contrasting approach to the use of education in support of
development, one focused on broad-based, decentralized decision making and collaborative
knowledge creation. Finland has approximately 65,000 teachers and 900,000 primary and
secondary students (UNESCO, 2004). According to UNDP (2005) figures, the government
spends 6.4% of its GDP on education, about 12.7% of all government expenditures. Finnish
students scored second to (but not statistically different from) students in Hong Kong, among
40 countries participating in the mathematics portion of the Program for International Student
Assessment, or PISA (OECD, 2004c). (Singapore did not participate in the recent PISA nor
did Finland participate in the recent TIMSS.) The country scored first among nations on the
science and reading portions of this test of 15-year-olds. Finland also scored first in a special
assessment of students’ problem solving skills that measured students’ ability to analyze
problem situations, apply knowledge to solve problems, and evaluate, justify and
communicate results (OECD, 2004d).

The Government of Finland places a very high importance on education, viewing it and
research and development as the foundation for economic growth and maintenance of the
welfare society (Ministry of Education, 1999, 2004). In contrast with Singapore’s centralized
structure, the school system in Finland is highly decentralized and decision-making is
distributed across sectors. Each school writes its own curriculum based on very general
guidelines from the National Board of Education and developed through discussions among
teachers and parents. As a result, school curricula may be quite diverse across the country.
Schools and teachers are also given the authority to select teaching materials that correspond
to the curriculum. Businesses work closely with schools. Nearly one third of secondary
students are enrolled in vocational education. Vocational education is conducted in
collaboration with local businesses through apprenticeships and on-the-job training and with
business leaders who participate in school decision making. Students in the general upper-
secondary program can also choose to participate in work-related study. The purpose of
Finnish higher education is to support research and development. And the aging of the
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Finnish population has increased the importance of adult education and lifelong learning is a
priority in education policies and action plans.

The Ministry attributes the country’s excellent performance on PISA to free, high quality
education across the country, high quality teachers with a high degree of autonomy,
development-oriented assessment that gives students feedback on their progress, and a socio-
constructivist approach to learning that treats students as autonomous learners who are guided
to develop their study skills and plan their life career. The Ministry conceptualizes learning as
an individual and community process of knowledge creation, a skills- and goal-oriented
process that includes independent and collective problem solving.

The education policy is coordinated with the national vision of an information society. As
part of this the Finnish Information Society Program, the Ministry of Education developed the
Information Strategy for Research and Education (Ministry of Education, Finland, 1995,
1999, 2004; Kankaanranta & Linnakyld, 2004). Like Singapore’s master plan, Finland’s
Information Strategy also integrates ICT with other components of the system but the focus is
much more on supporting knowledge production and use. Among the goals of this policy are
the following:

*  Assuring the development of information products and services;

»  Assuring that all students have information society skills and are able to access, use,

and provide information society services;

* Developing learning-centered instructional approaches that focus on collaboration,
individual styles of learning, learning difficulties, alternative ways of learning, and
multidisciplinary approaches to learning;

*  Moving from “once-and-for-all” training to lifelong learning;

*  Ensuring that teachers achieve a high level of professional skills;

*  Building education and research networks into an open, global network;

* Increasing Finnish language content on the Web.

The Information Society Program has helped schools purchase computers, link them to
the Internet, promote the introduction of ICT as a tool for teaching and learning, and carry out
in-service training for teachers. The program’s aim is for all schools to be connected to
networks and for all teachers to use ICT-based tools in their teaching. The purpose of the in-
service training program is to provide teachers with the knowledge and skills needed to
reform the pedagogical practices in their schools, especially with regard to collaborative
teaching and learning, networking, and teamwork. The program also encourages the
production of Finnish language instructional materials on the Web and this is now one of the
industrial clusters that the Government is developing in the country.

Issues of Development and Education Reform in Egypt

Egypt has also targeted the education system as an important component of its development
strategy and this case highlights the issues and constraints that many countries—particularly
less developed countries—face as they consider education reform in the context of
economic and social development. Egypt has approximately 16.5 million students at the
primary and secondary levels taught by approximately 850,000 teachers (UNESCO, 2004).
There are over 2.5 million students in institutions of higher education. The education system
is currently very centralized, with a curriculum that is uniform in content and a schedule
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that is determined by the Ministry of Education. According to UNDP (2005) figures, the
Government of Egypt makes a significant financial commitment to education, spending
3.9% of its GDP on education (compared to 3.1% in Singapore). However, the quality of its
educational system is rather low, at least as measured by international assessments. Egypt
recently participated in the TIMSS (Mullis, et al., 2004a, 2004b) and scored well below
international averages in assessments of students’ knowledge of both science and
mathematics in grade 8. The adult literacy rate is 67.2% for men and 43.6% for women.

There are several interlocking factors within Egypt’s educational system that work
against reform (El-Tawila, Lloyd, Mensch, Wassef, & Gamal, 2000; Kozma, 2004). The
pedagogy, curriculum, and textbooks emphasize the memorization of subject matter facts
and principles. Student examinations also emphasize memorization. These are high-stakes
tests that determine their educational (and consequently, their economic) future. Teachers
are paid very poorly and this, along with the emphasis on high-stakes examinations, has
created a huge private tutoring business for teachers that is valued, by some estimates, at
half the size of government expenditures on public education. The use of ICT in schools
reinforces the curricular and pedagogical emphasis on rote learning.

Recently, the government introduced educational reforms to prepare students for a modern
future in which Egyptians are open to cultures of other peoples and school learning becomes
integrated into that of the outside world (“[An] Egyptian reform pledge..., ”” September 1,
2004). At its 2002 congress, the ruling National Democratic Party (2003) identified three pillars
of their education reform policy: decentralization and increased community participation in
decision making, improvement and monitoring of the quality of education, and development of
the human and physical infrastructure in the education system, including the building of more
schools, an improvement of the quality of administrators and teachers, a revision of the national
exam, a reduction in illiteracy, and the improvement of higher education. In a major pilot
reform project, communities in the Governorate of Alexandria were given authority to develop
local school improvement plans they would use to guide their development and monitor their
success. A board of trustees was established in each community to increase community
involvement and input into the project. And teachers were trained in new teaching methods that
encourage student-centered learning and high-level problem solving. Recently, this project was
extended to 6 more of the country’s 26 governorates.

As part of the education reform effort, the Party has advanced a plan that would
integrate technology into the education system to both improve education and benefit the
economy through the export of knowledge-based services and software production. The
plan includes programs to increase the computer skills of pre-university students, increase
the efficiency of learning across subject areas, improve the curriculum to match the
capabilities of ICT, and upgrade vocational education. At the university level, the plan
proposes the use of ICT to improve the quality of education and advance research. A
number of resources have been dedicated to the effort, including a state-of-the-art
technology facility that trains teachers in the use of computers and develops software on
various topics in the curriculum. However, the Party’s plan does not coordinate ICT
strategies with specific reform efforts and, in any case, the plan has not yet been
incorporated into the education system. Several national and international donors, non-
governmental organizations, and transnational corporations have launched a variety of ICT-
based educational programs in support of this effort, although they are typically not
coordinated with each other or the nation reform effort.
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Summary of Education and Development Approaches

Again, Singapore and Finland provide interesting contrasts in their approaches to using
education to advance development. Both approaches focused on developing an education
system of very high quality. Singapore focused its education system narrowly on the
development of human capital through tight coordination within and across ministries that
subordinated education policy to economic interests of targeted industrial clusters.
Curriculum standards and assessments were coordinated with skills needed for a productive
workforce and the numbers of students at each level were adjusted to match shifts in
Singapore’s development trajectory. The move from a strong basic education to a curriculum
that emphasized mathematics, science, and technology was matched to the shift from a low-
wage, low-value-added economy to a high-wage, high-value-added one. In a subsequent
move, the curriculum, pedagogy, assessment, and educational ICT all emphasized the
development of creativity, innovation, and entrepreneurship that is needed by a workforce
prepared for the newly targeted knowledge-economy industrial clusters.

Finland’s equally successful approach is far more decentralized and broad-based, linking
the educational system to the civic and business communities. Decisions on curriculum and
instruction are made by local schools and teachers. This distributed effort is coordinated by a
vision of a Finnish information society in which technology and information sharing support
economic growth and social development. The role of the government in Finland is to foster
innovativeness, knowledge creation, and knowledge sharing. Policies and programs support
this vision through the development of knowledge-building skills among teachers and
students and through the use of student-centered and collaborative approaches to learning.

Egypt faces significant challenges in harnessing its education system in service of its
development plans. The government has articulated a vision of an information society in
which widespread access to technology can nurture human capital, improve government
services, promote Egyptian culture, and support economic growth. They have targeted the
ICT sector as a vehicle for this economic growth and social development. Yet a number of
barriers reduce the prospects for success: Illiteracy is high, the current technological
infrastructure does not allow widespread use, and civil participation and freedoms of press
and speech are limited. Education could contribute to the development of Egypt’s information
society by improving the quality of its human capital, increasing knowledge creation and
innovativeness, and fostering knowledge sharing. A reform effort has been initiated and
technology has been identified as an important component of this effort. But there are major
systemic barriers to change within the education system itself. Most significantly, the
country’s curriculum and assessment systems emphasize the memorization of facts and this
works against innovative thinking and knowledge creation in schools. To succeed with the
information society, Egypt will need to align curriculum, pedagogy, assessment, and the use
of technology with its vision of the future.

Education Reform and Development
The thread that ties the Egyptian, Finnish, and Singaporean experiences together is the need to
coordinate the education system with development goals. To date, most countries—even

OECD countries—have merely aimed at improving their education systems at the margin
(OECD, 2004b). Singapore and Finland are two countries that have invested significantly in
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education reform and have developed education systems that are among the best in the world.
Their education systems have contributed significantly to their national development goals.
These two countries represent alternative models for how educational investment can offer
returns for development. In the case of Singapore, increased educational investments lead to a
higher quality workforce. Within this model, investments are directed toward increased
efficiencies and effectiveness in the education system and toward students that are better
prepared for the work world. A higher quality, more skilled workforce increases the capacity
of labor to absorb new physical capital and this deepening of capital increases output per
worker, productivity, and significant economic growth. This approach to education change
could be called the capacity development approach to education reform.

However, OECD concedes that most countries have not yet tried to harness their
education systems as a means of transforming the economy and society. An alternative
approach to education change, represented by Finland, is what could be called the knowledge
creation approach. With this approach, educational investment is used to change not only how
well students perform but what it is that they do within schools and outside of them. It also
changes what teachers do and how schools function. The focus of this change is on developing
the capacity of students, teachers, schools, and communities to create, share, and use new
knowledge, such that individual and organizational knowledge creation, learning, and
improvement become continuous, self-sustaining activities. These capacities support a
qualitative change in the economy. The capability of the workers individually and society
collectively to think creatively and innovatively and to continuously create, share, and use new
knowledge leads not only to better ways of doing old things but also new ways of doing entirely
new things, thus resulting in economic transformation and sustained growth. This development
approach includes social transformation to the extent that gains in the economy are funneled
into achieving socially valued goals, such as improved health care and access to it, a cleaner
environment, increased democratic participation, and enhanced human services, including
improved education which creates, in turn, a more prosperous society and a more productive
economy. Thus economic and social change feeds on itself, resulting in a virtuous cycle of
sustained development in which economic growth funds the improvements in the social
condition and improvements in the social condition supports compounding economic growth.

What implications do these approaches have for reform in classrooms and schools? How
can reform of specific components of the system, such as changes in curriculum, pedagogy,
and assessment, interact with the productivity factors that lead to sustained economic growth
and social development? In the following sections, I examine implications of the capacity
development and knowledge creation approaches for changes in these components.

Curriculum Reform

Curricula have traditionally focused on the scope and sequence of subject matter topics that are
to be covered within an educational program. These are codified as facts, concepts, principles,
and procedures related to mathematics, biology, history, language, and so on. Too often,
curricula are focused more at the lower-end, easier-to-teach-and-test range of this skill
continuum. Too often understanding key ideas is sacrificed to breadth of topics, as “coverage”
trumps depth. Too often schools stress the memorization of specific facts and procedures
outside of the context of their use in the real world and apart from the experiences that students
may bring with them to the classroom and the needs of communities to which they return.
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Students that go through such a curriculum are poorly prepared to participate in the modern
labor force and address contemporary social problems. This is certainly the case for Egypt.

The capacity development approach to reform can revise the curriculum to better prepare
students for the world of work by moving the curriculum to the higher end of the skills
continuum and setting high expectations for student achievement (Tucker, 1996). Beyond
memorization of facts, the learning of complex concepts, principles, and procedures leads to a
higher quality, better prepared workforce that has the skills needed for higher value jobs.
Students are more likely to have a deeper understanding of the curriculum when it focuses on
a smaller number of concepts, principles, and procedures that are at the core of a subject area
than when students and teachers spend their time superficially “covering” a large number of
topics (Bransford, Brown, & Cocking, 2000). Students learn better when curriculum goals are
built on their own interests and everyday experiences and they are better prepared for the
world outside of school when these goals are connected to community conditions and needs.
This entails that districts, schools, and even teachers have a certain amount of flexibility
within the curriculum framework to adjust instructional goals to the interests of particular
groups or individual students and to community goals and the requirements of local
enterprises. As a consequence, the curriculum goals related to mathematics, science, social
studies, and literature may be somewhat different for rural students than urban students and
for students of different cultural backgrounds, based on the social and economic needs of their
local communities.

But what of the knowledge creation approach to education reform? Is there a way that
changes in the curriculum can support fundamental economic and social transformation?
Economists contend that transformations of this sort require new kinds of skills, capabilities,
and attitudes, and these need to be incorporated into the curriculum (OECD, 2001a). If
students are to participate in an economy and society in which the creation, sharing, and use
of new knowledge are the basis for sustained development, their preparation must go beyond
the learning of established knowledge. Beyond the learning of key concepts and principles in
the subject areas, students must be able to engage in the sustained, collaborative process of
building on current knowledge to create new knowledge (Bereiter, 2002). These become new
goals of the curriculum. Knowledge creation skills and habits include information
management, communication, working in teams, entrepreneurialism, global awareness, civic
engagement, problem solving, using technology, and designing systems (Lall, 2000;
Partnership for the 21st Century, 2003, 2005; Resnick & Wirt, 1996). But paramount among
the knowledge creation skills are those that allow students to continue their learning
throughout their lifetimes what are sometimes called metacognitive skills (Bransford, Brown,
& Cocking, 2000): students’ ability to set their own goals, determine what they already know,
assess their strengths and weaknesses, design a learning plan, stay on task, track their own
progress, and build on successes and adjust to failures. This set of skills among all others will
enable students to sustain their own personal development and contribute to that of the
economy and society.

Pedagogical Reform
With traditional instructional approaches, teachers are the ultimate sources of knowledge,

which they then transmit to students who passively receive and record this knowledge in
memory. Research evidence suggests that this approach is not very effective. The sciences of
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learning (Bransford et al., 2000) specify a number of pedagogical reforms that help students
acquire more skills and develop their capacity to live and work productively outside of
school. The focus of these reforms is on the understanding of key concepts, principles, and
procedures. Factual knowledge is organized around important concepts and introduced as
students need it and within the context of solving problems. Rather than being passive
listeners, students are actively engaged in applying their new knowledge to the solution of
complex tasks. Teachers support student learning by individualizing instruction to the needs
of students, addressing misconceptions they may have, and providing the time that students
need to learn. This model also stresses the usefulness of school knowledge for the real world.
The transfer of school learning is facilitated by relating concepts, principles, and procedures
to a wide variety of appropriate, real world examples and situations.

However, moving the education system beyond knowledge acquisition to knowledge
creation involves a more profound participation of students in their own learning. Learning
how to learn is both a goal and a central classroom practice. Students identify problems or
goals of shared value and produce plans and products that will accomplish these goals or
solve the problems (Blumenfeld et al., 1991). In helping students create and share new
knowledge, teachers design tasks and activities that engage students in these knowledge-
building processes. To support student learning, teachers explicitly model cognitive and social
processes of knowledge building and they prompt students to take up these practices for
themselves (Brown & Palinscar, 1989). For example, in science classes, teachers structure
student investigations in which they pose scientific questions, plan and design experimental
procedures, construct apparatus, carry out experiments, interpret data, draw conclusions, and
present their findings (Krajcik et al., 1998). But knowledge creation is not restricted to
science. Teachers have developed knowledge-building communities in mathematics, social
studies, and literature in which students are engaged in sustained investigations whereby
students generate new ideas by building on and extending the ideas of others. Within these
communities, students support each other’s learning and develop a shared value for this
ongoing process (Brown & Campione, 1994; Scardamalia & Bereiter, 1994).

Assessment Reform

Traditionally, educational assessment has been used as a way of periodically arraying students
along a continuum of ability or school knowledge and selecting those who are most fit for the
next level of study. In some countries, high-stakes tests of students are used to identify under-
performing schools. Such assessments serve to select students who are most capable for high-
level positions or identify schools that have large numbers of high-performing students but
they do little to lift the overall quality of the student learning or the performance of schools
(Amrein & Berliner, 2002). Because assessments often serve to organize the work of schools,
teachers, and students, reform of assessment practices may be the single change that, if
coordinated with an overarching plan or vision, can most influence all other changes in the
education system.

Assessment reform can support the general upgrade in the capacity of the workforce by
improving the learning of all students. Assessments can support the deepening of learning
when they are integrated into regular, ongoing instructional activity and when they provide
teachers and students with periodic feedback on learning progress (Bransford et al., 2000;
Pellegrino, Chudowsky, & Glaser, 2001). Since some students take longer to achieve
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curricular goals or have different instructional problems than other students, detailed
information on what it is that specific students know and how they think can be particularly
useful to teachers as they customize lessons. Assessment reform can also improve the quality
of student learning by upgrading the complexity of tasks. While traditional assessments rely
on multiple-choice or fill-in-the-blank responses that favor lower levels of knowledge,
performance assessments and projects provide students with tasks that examine higher levels
of knowledge and are more similar to the types of tasks that students will encounter in the real
world (Shavelson, Baxter, & Pine, 1992). Performance tasks are particularly useful in
displaying both students’ knowledge and their cognitive and social processes, and this
information can aid teachers in planning subsequent instructional interventions.

Changes in assessment can be crucial in the knowledge creation approach by supporting
the continuous improvement of students, teachers, and schools. Self-assessment and peer
assessment can be particularly important in supporting the development of metacognitive
skills and continuous improvement (Bransford et al., 2000; Shepard, Hammerness, Darling-
Hammond, & Rust, 2005). With the guidance of teachers, students use self- and peer
assessments to develop abilities to monitor their own progress, distinguish between high-
quality and low-quality products, and provide others with useful feedback and support. The
discourse among students elevates what students expect of themselves and fosters a share
value of learning. These skills, practices, and values sustain high quality efforts outside of
school and over a lifetime. Similarly, when teachers share their instructional goals and plans,
observe each other’s practice, and support each other’s professional development efforts, they
create an expectation of high-quality teaching and it becomes a core value of the school. Used
in this way, assessment reforms improve both teacher performance and student learning.

Teacher Professional Development

As with the development of human capital in business, the productivity of education can be
significantly improved by upgrading the skills and knowledge of teachers and their ability to
apply these in the classroom. Educational researchers have identified two kinds of teacher
knowledge that can significantly improve their practice: their understanding of their subject
matter and the pedagogical knowledge about how students learn the subject and how it is best
taught (Darling-Hammond, 1997; Shulman, 1986). Teachers must understand their subject
thoroughly enough to organize it so that students can understand underlying concepts,
procedures, and principles. Teachers must also know what students know and what they
believe about their subject, what students typically misunderstand, and how students learn.
Teacher professional development in these areas that are connected to classroom practice
could improve the effectiveness of instruction.

Beyond improvements in teacher knowledge, the transformation of education into a
source of sustained knowledge creation and innovation requires teachers likewise to engage in
sustained learning, knowledge creation, innovation, and knowledge sharing. In this regard,
researchers advocate an approach to teacher professional development that builds a
community of practice focused on continuous improvement (Bransford, Darling-Hammond,
& LePage, 2005; McLaughlin & Talbert 2001). With this approach, teachers work together,
within subject areas and across schools, to identify problems of practice, collaboratively
generate and try out solutions, share resources and best practices, and build a body of
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professional knowledge that influences classroom instruction (Little, 1993; Talbert &
McLaughlin, 1993).

School Organization

Traditional schools are hierarchical structures with teachers’ classroom practice tightly
controlled by curriculum inspectors and principals. In some countries, teachers are often held
accountable for teaching a specific lesson in a specific way on a particular day. Significant
resources are expended on managing the organization. However, to develop students’ capacity
and the quality of their learning, schools need to be structured around student understanding,
rather the management of teaching (Darling-Hammond, 1997). In schools restructured for
understanding, students work together on engaged extended projects and teachers work with
students and their colleagues on designing an environment that supports learning. These
practices are facilitated by structural changes in the school, such as allowing for flexible
student grouping or altering the school schedule to allow more time for student projects and
more time for teacher planning and collaboration.

On the other hand, schools can be restructured to continuously engage in ongoing
innovation—a capacity that, in effect, creates a learning organization (Elmore, 2004; Fullan,
2001a, 2001b; Senge et al., 2000). Within such organizations, teachers have significant
autonomy to modifying the curriculum and create the learning environment in their classes.
They also have control over the discretionary resources—such as funds for materials and
supplies—that are needed to carry out their plans. At the same time, teachers take
responsibility for contributing to shared goals and moving toward the shared vision. These
teachers’ efforts are coordinated by shared goals for and a local vision of what the school
should become. Consensus on the school’s goals and vision is fostered by cooperative
decision making among teachers, administrators, parents, and community members. School
principals or headmasters play an important role by developing this consensus and structuring
the school environment to support learning and the creation of knowledge. With these shared
goals in mind, community members, teachers, and students spend their time moving the school
forward rather than trying to figure out what policymakers want them to do and then doing it—
or not. The impact of this innovativeness, autonomy, and accountability at the local level is
compounded throughout the education system by what might be called “coordinated
decentralization”: local decisions and actions that are guided by higher level goals and visions.

Systemic Reform and Educational Transformation

A prominent feature of the education systems in both Singapore and Finland is that all of the
components are coordinated around goals and visions. Individually, any of the above reform
efforts can improve education. But to get the kind of results achieved in these two countries,
education reform needs to be systemic. Policies and programs need to be targeting all of the
components of the system in a coordinated and coherent way so that reform-based changes, in
turn, become mutually reinforcing and promote continuous improvement (Cohen & Hill,
2001; Elmore, 1995; Vinovskis, 1996). Changes in curriculum have to be coordinated with
changes in pedagogy and assessment. Changes in curriculum, pedagogy, and assessment
entail new capabilities for teachers. To maximize impact and be sustained, school change
must be coordinated with the community and with the larger system (Sergiovanni, 1994;
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Talbert & McLaughlin, 1993). In systemic reform, this internal consistency is complemented by
vertical consistency between different levels of the system (Pal, 2001). Provincial, district, and
school-level policies and programs must be in sync, coordinated by an overarching set of goals
or vision. Finally, the vertical consistency is complemented across different policy areas,
integrating educational goals with economic and other social goals. These multiple levels of
coordination assure maximum impact on development, as they did in Singapore and Finland.

The Role of ICT-Based Education Reform in Development

Technology and technological innovativeness—the ability to apply knowledge and
technology in new ways—have been the sources of significant economic growth. How can
ICT be applied to support education change? And how can its application in education in turn
support sustained economic development and social transformation? In general, there are four
types of applications. With the first approach, ICT is used to improve the delivery of and
access to education. This approach can improve education on the margin by increasing the
efficiency by which instruction is distributed but it need not involve fundamental change. In
the second approach, ICT is the focus of learning. By learning ICT skills, students become
better prepared for work that increasingly involves the use of ICT. The remaining two
approaches parallel the capacity development and knowledge creation approaches discussed
in the last section. ICT can be used to improve student understanding, increase the quality of
education, and thereby increase the impact of education on the economy. With the fourth
approach, knowledge creation, technology, technological innovativeness, and knowledge
sharing can contribute to the transformation of the education system and to sustained
economic growth and social development.

ICT in Support of Delivery and Access

Researcher Richard Clark (1983) contends that technology can be used to improve the way
that instructional methods are delivered by making instruction more efficient, less expensive,
or more accessible. These can be important contributions, particularly in rural areas and for
less developed countries where access to education is often limited. For example, with the
UNESCO-UNICEF Gobi Desert Project in Mongolia, 15,000 nomadic women used radio to
receive an education in literacy skills, livestock rearing techniques, family care, and basic
business skills (Perraton & Creed, 2002). Telesecundaria, a secondary-level education
television series in Mexico, served over 800,000 students during the 1997-98 school year
(Wolf, Castro, Navarro, & Garcia, 2002). China, India, Indonesia, Iran, the Islamic Republic
of Pakistan, the Republic of Korea, Sri Lanka, Thailand and Turkey have all used broadcast
media to set up national open universities. Most of these institutions serve more than 100,000
students, and China Radio and TV University serves 400,000 (Perraton & Creed, 2002).
Computers, particularly those connected to the Internet, are being used to provide
students with access to a vast array of multimedia resources, related to current events, science,
social studies, and culture. The Internet also provides teachers with access to curricular
materials and other resources. These uses are widespread in developed countries (Eurydice,
2004). Recently, less developed countries have begun to use computers to increase
educational access (Wagner & Kozma, 2005). For example, in Chile computers now serve
over 90% of the school population and 80% of the teachers have been trained in their use
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(Hepp, Hinostroza, Laval, & Rebein, 2004). The Ministry of Education provides an Internet
portal through which students and teachers have access to a wide variety of digital materials.
One of the most ambitious efforts in Africa is the African Virtual University, which has
established 31 learning centers at 17 African universities that are working with partner
universities in developed countries to provide over 3,000 hours of instructional programs to
more than 23,000 students.

ICT as the Goal

The development of technological skill improves students’ capacity to absorb technology
when they move to the workforce (OECD, 1999). This is illustrated in an international study
involving 23 countries and 174 case studies of ICT-supported innovative classrooms (Kozma,
2003c¢). This study identified a number of interesting patterns in the ways that teachers and
students were using ICT to change the curriculum and pedagogy (Kozma, 2003b; Kozma &
McGhee, 2003). In one pattern, called tool use, students used e-mail and productivity tools
such as word processors, spreadsheets, and presentation software, to communicate, search for
information, and create products. For example, a secondary school in England offered a 2-
year online course leading to formal accreditation in ICT. In these classrooms, students
acquire the technical skills that they will be able to use in the workplace.

ICT in Support of Student Understanding

ICT can support students’ deep understanding of subjects as teams of students engage in
solving complex, real world problems that cross disciplinary boundaries (Kozma & Schank,
1998; Means & Olson, 1995; Means, Penuel, & Padilla, 2001; Roschelle, Pea, Hoadley,
Gordin, & Means, 2000; Sandholtz, Ringstaff, & Dwyer, 1997; Schofield & Davidson, 2002).
Students and teachers use a variety of multimedia, e-mail, and web design tools, simulations,
and course management tools to support deep understanding, collaboration, and project
planning. This is illustrated in another pattern found in the international case study of
classroom innovations (Kozma, 2003b; Kozma & McGhee, 2003), called the Student
Collaborative Research Cluster. An example is an Australian primary school where students
participated in an international project of Internet-based science explorations in which student
teams used the Web to follow research scientists as they explored the geology and biology of a
group of isolated islands in Hawaii. These students used various software and multimedia tools
to conduct their own research, plan their projects, and design their classroom presentations.

ICT in Support of Knowledge Creation

Technology can be used, along with pedagogical, curricular, and assessment reforms, to
support the process of knowledge creation in which students and teachers set their own goals,
plan their learning activities, build on each other’s ideas to create new knowledge, and
monitor their current levels of understanding in preparation for lifelong learning and
participation in the information society (Brown & Campione, 1994; Scardamalia & Bereiter,
1994).

This is illustrated by several patterns in the case studies of innovative classrooms
(Kozma, 2003b; Kozma & McGhee, 2003). In the Information Management Cluster, teachers
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designed materials and students searched for information, solved problems, published their
results, and assessed themselves and each other. ICT was used to support the search for
information, the creation of products, and the monitoring of students and of the planning
process. For example in the US, the “Future High School” was redesigned as a high-tech
start-up business in which students developed real world projects consisting of complex tasks
with long-range due dates for which they had individual and shared responsibility. Students
used computers on a daily basis for everything from research on the Internet to multimedia
projects that combined social studies, math, science, economics, government, and literature.
And they maintained on-line portfolios that were assessed by staff and community members.
In the Teacher Collaboration Cluster, teachers collaborated with students, their colleagues in
the school, and others outside the school. In an upper secondary school in the Slovak
Republic, two informatics teachers trained students to create hypermedia materials and work
with teachers in other areas such as mathematics, physics, the Slovak language, and history to
design educational materials for their courses. In the Outside Collaboration Cluster, teachers
and students worked on projects with others outside the school. For example, teachers in a set
of primary schools in rural Catalonia, Spain worked together to have teams of their students
create reports about their small villages: their history, monuments, community traditions, and
so on. Students took digital photos, recorded interviews of their grandparents, and published
their reports in the Catalan language on the Web. Some of the Catalan songs and folk tales
that they captured were quite old and in danger of being lost within their culture.

These classroom practices support the development of skills needed by a society focused
on sustained economic development and social transformation: information management skills,
communication and collaboration skills, interpersonal and self-directional skills, and ability to
create and innovatively apply new knowledge to solve complex problems (Lall, 2000;
Partnership for the 21st Century, 2003, 2005; Resnick & Wirt, 1996), skills that are often
difficult to measure with traditional assessments. Novel ICT-based assessments are beginning
to provide complex performance tasks with which students can use a various ICT tools and
collaborative environments to find or create the appropriate knowledge and apply it to solve
the problem (Educational Testing Service, 2002; International Society for Technology in
Education, 1998; OECD & Statistics Canada, 2000; Quellmalz & Kozma, 2003).

A FRAMEWORK FOR ICT-BASED EDUCATIONAL, ECONOMIC,
AND SOCIAL DEVELOPMENT

How can policymakers coordinate economic, social, and educational development?
Policymakers are often confronted by a system of mutually reinforcing economic, social, and
educational components that work against change. Within this context, they must decide
which factors, enriched by which public investments, will interact with private efforts to
support sustained change. They must find the pressure points and levers within government
structures that can be applied to make the system dynamic. The appropriate policies,
strategies, trajectory, and pace of change would vary from country to country based on unique
strengths and competitive advantages. In one country, a strategic economic change, such as
supportive macroeconomic policies, may be the appropriate way to launch change within the
economic system, which then ripples into the social and educational systems. In other
countries, it may be changes within the social or educational systems that ultimately affect
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economic growth. The selection of levers for change within government systems would be
opportunistic. Policymakers in more developed countries may have the luxury of changing
several components at the same time in a coordinated way. Policymakers in less developed
countries are likely to be limited to finding the one or two levers that, strategically applied,
can launch a compounding, virtuous cycle of change and transformation.

In this section, I draw on the reviewed literature and the case studies to provide
policymakers with a framework to help them with these decisions (Table 1). The framework
itself does not supply answers to the challenges of development. But I believe it can help
policymakers analyze their national context, set goals, identify pressure points and levers, and
coordinate policies and programs for systemic change across sectors. Along the vertical axis
of the table are the factors that support growth: the deepening of physical capital, the
improvement of human capital, the increase of technological innovativeness and knowledge
creation, and the networking of organizations to improve knowledge flow. To this list is
added an evaluation and monitoring component that serves to chart progress and modify
strategies over time. On the top of the horizontal axis of the matrix are the types of
development or development sectors: Economic and social, with education being highlighted
as a special case of social development for the purpose of this article, and educational ICT
being a highlighted component of the education system. For other purposes, the columns
could be modified to highlight different components of the economic or social system.

The Framework in Action

Analyses appearing in each of the cells would be a consideration of policy goals and
strategies that would relate one of the growth factors to one or more system components
within one of the development categories. While the cells in Table 1 are filled in, normally
they would be blank. Policymakers can use the exercise of filling in cells to either analyze the
current state of affairs or the desired government policies and activities of the private sector.
Not all the cells need to be filled in and the framework can be used to consider even modest
changes in one sector or another. But filling in the matrix completely will aid systemic change
by coordinating growth strategies within and across sectors.

In Table 1, I draw on the findings from the economic, social, and educational
development literature, along with insights from the case studies—to provide the
hypothetical results of such a matrix-filling exercise. Let us say, for example, that a lower
middle-income country pulled together a high-level cross-ministry, cross-sector commission
to review the current economic and social situation and to devise a 15-year development plan
for the future. In their analysis they identified specific strengths, problems, and trends. They
were encouraged by the modest but steady economic growth over the past 10 years,
supported primarily by an eco-tourism industry and by a growing light manufacturing
industry that provides consumer goods and small appliances to a modest but expanding
middle class. The country also has a significant, although traditional, film industry and a
vibrant entertainment industry that is supported by regional market demand, based on
linguistic and cultural commonalities. Their growing light manufacturing industry
compensates somewhat for a significant decline in the state-subsidized heavy manufacturing
industry. Most of these economic assets are located in the country’s two major cities. Eco-
tourism is located in remote areas but their corporate offices are in the urban centers. There
are significant inequities in the distribution of income and social condition because of a large,
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Table 1. Examples of the relationships between Growth Factors and Types of Development.

Development Framework

Growth Factors

Types of Development

Economic
Development

Social
Development

Educational
Development

Educational ICT

Deepening of
Physical Capital

Target tourism, light
industry,
entertainment, and
agriculture. Extend
ICT infrastructure
and support the
deepening of private
capital.

Target rural areas;
build community
technology centers;
support private
acquisition of ICT;
facilitate Internet
cafes.

Build and modernize
school facilities,
particularly in rural
areas. Community
technology centers in
rural areas.

Invest broadly in school ICT
equipment and networking
but particularly at the
secondary level and in rural
areas.

Improvement of
Human Capital

Upgrade labor;
develop technology
use, application, and
production skills.

Strengthen education
and social services,
particularly
employment
transition and
community
development in rural
areas.

Focus curriculum
and pedagogy on
understanding, real
world problem
solving and
creativity. Include
technology skills.
Upgrade teachers’
content, pedagogical,
and technological
knowledge.

Develop students’ skills in
using ICT to solve real world
problems. Develop teachers’
ability to integrate ICT into
the curriculum.

Knowledge
Creation and
Technological
Innovation

Strengthen
intellectual property
laws. Support of
invention of new
products and
services in targeted
clusters; research in
agriculture.

Increase knowledge
and best practices
information on
education, adult
literacy, and modern
farming practices.

Increase pedagogical
knowledge and best
practices on teaching
for understanding
and problem solving
and on technology
use.

Collect best practices on the
application of ICT for
understanding, complex
problem solving, and the
production of creative
products.

Organizational
Networking and
Knowledge
Sharing

Develop participation
of SMEs in light
industry, tourism,
entertainment, and
agriculture. Support
networking between
urban, rural, and
regional resources
and markets. Expand
agricultural extension
services.

Develop community
knowledge sharing
and collaboration;
open government
and education
organizations to
community and
parent participation.

Decentralize decision
making; foster
teacher professional
development
communities and
knowledge sharing,
particularly between
urban and rural
schools.

Use of ICT to support
communication, collaboration
and knowledge sharing by
students and teachers.
Assess impact of ICT on
learning.

Monitoring and
Evaluation

Monitor effectiveness
of government
policies on key
economic indicators.

Monitor effectiveness
of government
policies on social
equity indicators;
obtain community
feedback.

Monitor indicators of
high-level student
learning; assess
application of
knowledge to solve
problems.

Use ICT to support school
effectiveness and efficiency;
use ICT in assessment.
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generally illiterate, population that relies on traditional and inefficient farming methods.
Based this analysis, the commission came to consensus on a vision for the future of the
country in which the deepening of physical and human capital would support sustained
economic growth and a reduction in social inequities. The filled-in matrix in Table 1
represents the product of their analysis and strategizing.

The table shows that our hypothetical commission decided to focus on the development
of three industrial clusters and the modernization of its agriculture. The plan would
implement policies that support the deepening of physical and human capital, particularly in
the areas of tourism, light industry, entertainment, and agriculture. Significant public
investments would be made in education, innovation capacity, and rural development.
Shorter term investments would be made in training and unemployment compensation for
displaced workers in heavy industry that would help them transition to targeted industries.
Related to physical capital, policies would encourage public and private investment in the
ICT infrastructure. Public investments in the development plan would be funded by
privatization of telecommunications and a reduction in government subsidies to the
increasingly uncompetitive heavy industry.

Privatization of telecommunications would launch the development of infrastructure in
urban areas but it would be coupled to the required private subsidy of Internet services to
schools and the extension of telecommunications infrastructure to rural areas. Improved
infrastructure and human capital would increase the capacity of targeted clusters and society
more generally to absorb ICTs. These new technologies would support the global Web-based
marketing of eco-tourism and the connection of rural tour locations with urban corporate
offices and other resources. Along with strengthened intellectual property laws, technology
development would support the modernization of the film industry, the creation of digital
entertainment content, and a broadening of the regional and international market for these
companies. Technology deepening and the establishment of an invention incubation center
would also support innovativeness and further development of small- and medium-sized light
manufacturing companies by connecting them to suppliers and to a broader regional market.

Social inequities in rural areas would be addressed by making public investments in
agricultural research on locally optimized, high-yield hybrid seeds and through expanded
agricultural extension services to modernize farm practices. These efforts would be
complemented by other rural development programs and social services, particularly those
that fostered rural community development and increased adult literacy. These programs
would be supported by extending the ICT infrastructure out to rural areas and making it
accessible through public investment in community technology centers. The commission
identifies key economic and social indicators and set stepped goals that could be used to
measure progress on their plan.

Where does ICT-based education reform come into the plan? First of all, the commission
felt that education is central to the development of human capital and, in turn, the absorption
of new technologies and technological innovation in the economy. The commission also felt
that a significant investment in education would respond to pressures for better schools from
the country’s growing middle class. It would also play an important role in addressing social
inequities. Consequently, a cross-department education subcommittee, chaired by the minister
of education, conducted an analysis of the current education system and identified key
strengths that would allow education to promote the overall development strategy. The
analysis also identified some significant problems and the subcommittee developed a master
plan recommending changes that would reinforce the overall strategy of upgrading human
capital and addressing social inequities.
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In our hypothetical country, it turns out that there has been a strong tradition of hands-on
pedagogy in the schools, although this has been used more as a set of classroom activities
than a foundation for deep understanding. Also, several multinational ICT companies had
initiated pilot projects that put networked computers into schools, primarily in urban areas,
and trained teachers on the use of technology. The subcommittee’s plan applied the growth
factors in the framework to the education system in support of the national development plan.
The primary emphasis of the plan was also on the development of human capacity of the
students and the teachers. It focused on improving student learning by shifting teachers’
hands-on instructional practices to project-based learning focused on student understanding,
problem solving, and creative thinking in math, sciences, and the creative arts. The
application of project-based learning would be stressed at the secondary level with the goal of
producing better prepared graduates and thus providing the most immediate payoff for the
economy. ICT would be used to develop students’ technology skills and to support project-
based learning through the use of the Internet and various productivity and creativity tools.
The ministry would phase in national assessments that reduce the recall of factual knowledge
and include real world problem solving tasks. These changes would better prepare students
for participation in manufacturing and entertainment industries that would become
increasingly innovative.

These shifts would require a significant program of teacher professional development.
This too would be supported by ICT that enabled teachers to develop and share resources and
best practices within disciplines across schools. ICT-based education would be used to
address social inequities by extending the ICT infrastructure to rural schools and community
technology centers. The Internet would allow for the inexpensive distribution of resources to
remote areas, and rural teachers would have access to materials, other teachers, and
curriculum experts in other locations. Emphasis would be given to a deeper understanding of
science and the development of technological skills. Equipped with these skills and
knowledge, rural students would be better prepared to use modern agricultural practices or to
work in the nearby eco-tourism industry. Remote access to experts would support adult
literacy programs, given that there are few teachers experienced in adult learning in rural
locations. The community technology centers would house resources to support education
reform, adult literacy, and agricultural extension services and this colocation would allow for
the coordination of these services and their impacts. The subcommittee set measurable goals
for examining the impact of education reform and the use of ICT on student learning.

This hypothetical example illustrates how the development framework and a systemic
approach to policy formulation can align economic, social, and educational strategies to
leverage strengths, coordinate investments, consolidate gains, and advance national
development goals and visions. The resulting strategies would differ from country to country.
In some cases, economic change may lead social and educational development. In other cases,
ICT-based education reform may make a significant contribution to the launch of social and
economic development. But regardless of the starting point and subsequent trajectory, the
intent is that by aligning policies and programs across factors and sectors, application of the
framework supports educational, social, and economic transformation.

Implications for National Policies and Programs
The specific policy implications for this framework would emerge from its application in each

national context. However, there are some general policy considerations that can guide policy
makers applying it to analyze current situations and crafting development strategies.
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Create a Vision

Policy leadership will be the key to any successfully development strategy, particularly if
these efforts are to contribute to economic and social transformation. Successful development
in Finland was guided by a clear vision of how the availability of new technologies could
increase economic productivity, improve the quality of life, and enrich the culture. This vision
was founded on broad-based consensus among public and private stakeholders and, as a
result, it coordinated distributed efforts across sectors to accomplished shared goals.
Investment of time and effort to create such a vision at the national or ministerial level will
have huge operational paybacks.

Develop a Plan

Singapore, on the other hand, had a detailed plan for developing the economy and this guided
their long-term efforts. Many countries, including both Singapore and Finland, have national
plans for implementing ICT in education. These master plans describe how ICT can
contribute to education reform and improvement and tie it into economic and social
development. Typically the plan describes the hardware, software, and networking that will
be implemented in schools, as well as the technical support and technical training for teachers.
The national plan should specify measurable goals, authorize and fund specific programs, and
projects to advance this vision and provide the resources needed to implement them. To
reinforce broader education reform, the technology plan should also describe how technology
will be coordinated with changes in curriculum, pedagogy, assessment, teacher professional
development, and school restructuring.

Align Policies

To realize the full impact of ICT-based education reform, educational policies and programs
need to be coordinated with those in other ministries, such as economic development, human
resource development, telecommunications, agriculture, and rural and urban development. A
national, cross-ministerial ICT coordinating agency or council can facilitate this policy and
programmatic harmonization as well as promote the sharing of knowledge and resources. The
committee should include participants from outside the government, such as business people,
unions, university faculty, members of scientific organizations, and so on, as was the case in
both Singapore and Finland.

Monitor and Evaluate Outcomes

Significant public investments demand a significant return in terms of educational, social, and
economic benefits. National development plans should specify a stepped trajectory of
expected outcomes. Measures of both the implementation process and the outcome should be
used to continuously monitor the progress of programs toward goals and provide information
to policymakers that can be used to refine policies and programs and adjust trajectories. In
this way, initial policies and programs can be shaped to assure on-going coordination and
foster fundamental changes in education, society, and the economy.
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ICT and Extreme Poverty

Applications of the above principles to policy formulation aided development in Singapore
and Finland. They can also aid development in countries like Egypt. ICT and ICT-based
education reform can play an important part in these developments. However, there are many
countries, primarily those in sub-Saharan Africa, that are much worse off than Egypt and
other lower middle-income countries. Because of unfavorable geography, disease, physical
isolation, climate stress, environmental degradation, and lack of capital, these countries are
not in a position to move out of poverty—they are trapped (Sachs, 2005). It is clear that
education is an important part of the formula for breaking out of the trap. It is yet unclear if
and how ICT might also be a part of that formula. For the same lack of capital investment,
there are yet few models of ICT applications in extremely poor countries. The poor would
benefit from research and new knowledge that applies these important growth factors to
address their needs.

ENDNOTE

1. Country ethnicity statistics are taken from the World Factbook, U.S. Central Intelligence Agency (2005), as is
information on form of government. All other demographic and economic statistics are taken from the 2005
Human Development Report, UNDP unless otherwise noted.
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Abstract: The change towards the information society implies that many countries have to
change their curricula, because students need to develop competencies that are not addressed
in the traditional curricula. A case study approach was applied to examine curriculum
changes in ICT-supported pedagogical practices from 28 countries. The analysis focused on
curriculum content and goals of the ICT-supported pedagogical practices, how these aims
were implemented in practice and which outcomes for students and teachers could be
observed. The results showed that the curriculum content often was not new but rather was
delivered in a different way. Many ICT-supported pedagogical practices strove to realize new
goals important for lifelong learning in an information society. Content and goals were
offered in curricular settings, often crossing the traditional boundaries of academic subjects.
In many of the cases students worked on topics that were meaningful to them.

Keywords: information and communication technology (ICT), curriculum, pedagogy,
primary education, secondary education.

INTRODUCTION

The currently widely accepted rhetoric (e.g., European Commission, 2002; Organization for
Economic Co-operation and Development [OECD], 2004) is that our society is changing from
an industrial to an information society in which citizens need to be able to manage huge
amounts of information that can be disclosed and processed with the help of information and
communication technology (ICT). According to the European Commission, for instance, all
citizens of the European Union should have the possibility to acquire so-called key skills,
which include digital literacy and higher order skills such as teamwork, problem solving and
project management (European Commission, 2002). Key skills are often referred to as
lifelong learning competencies. According to the education ministers of OECD countries
(OECD, 2004), the concept of lifelong learning covers all purposeful learning activity in a
person’s life. A major feature of the concept of lifelong learning is developing the capacity of
“learning to learn.” The lifelong learning approach anticipates a coping with the increased pace
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of globalization and technological change (OECD, 2004). Many students that are about to
start their school career eventually will get a job that does not yet exist. It is therefore often
argued that nowadays young children need to develop lifelong learning competencies.
Society—through formal and informal schooling—needs to create opportunities for their
citizens to develop lifelong learning competencies. Voogt (2003) distinguishes a number of
educational elements that are considered important in learning environments that foster the
development of these competencies. In Table 1 these elements are organized in such a way
that they show the characteristics of a pedagogical approach that is expected to be more
dominant in an information society versus one that suits an industrial society. By using the
words /ess and more, Table 1 also indicates that education nowadays is searching for a new
balance for pedagogical approaches in schools.

One may argue that the implication of the change towards an information society is that
many countries around the world have to move towards drastic changes in their curricula. The
major reason is that students need to develop competencies that are not addressed currently in
the traditional curricula. The design and implementation of curricula that are aimed at
contributing to students’ lifelong learning competencies is one of the major challenges of
curriculum change and improvement efforts nowadays.

To understand the major problems in realizing curriculum change, several researchers
(i.e., Goodlad, Klein & Tye, 1979; Travers & Westbury, 1989; Van den Akker, 1988, 2003)
use an analytic framework of various curriculum representations: the intended, the implemented,

Table 1. Overview of pedagogy in the industrial versus the information society (adapted from Voogt &
Odenthal, 1997; Wijnen, Zuylen, Mulders, & Delhoofen, 2000).

Aspect Less More

(pedagogy in an industrial society) (pedagogy in the information
society)

Active Activities prescribed by teacher Activities determined by learners

Whole class instruction Small groups
Little variation in activities Many different activities

Pace determined by the program Pace determined by learners

Collaborative Individual Working in teams

Homogeneous groups Heterogeneous groups

Everyone for him/herself Supporting each other

Creative Reproductive learning Productive learning
Apply known solutions to problems Find new solutions to problems
Integrative No link between theory and practice Integrating theory and practice
Separate subjects Relations between subjects
Discipline-based Thematic
Individual teachers Teams of teachers
Evaluative Teacher — directed Student — directed

Summative

Diagnostic
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and the attained. The competencies needed for citizens in the information society as outlined
above can be considered the intended curriculum—the rationale and goals for learning.
However, there may be a gap between the needs of the information society as expressed by
policy makers and the way these needs are understood by schools and teachers. Moreover,
what teachers and students actually do in the classroom—the implemented curriculum—may
be quite different. The attained curriculum describes the learning outcomes of students as
well as, when appropriate, the learning outcomes for teachers. It is obvious that these learning
outcomes are particularly influenced by what has been taught—the implemented curriculum.
One of the major challenges in realizing curriculum change is to create consistency and
balance between these different curriculum representations.

ICT is believed be able to implement and facilitate the realization of the pedagogy that
fits an information society (Dede, 2000; Office of Technology Assessment, 1995; Panel on
Educational Technology, 1997). However, research shows that the implementation of ICT
within a curriculum is a complex process. In the international study of Pelgrum & Anderson
(1999) it was found that many countries experienced that, despite major investments, ICT
implementation in education proceeded slower than expected. Although a rapid improvement
in computers-per-student was observed, it appeared that the use of computers in subjects,
except for computer literacy and computer science courses, was still marginal. A major
problem is that educational software is often isolated and not integrated with the textbooks
that many teachers use (Van den Akker, Keursten, & Plomp, 1992; Voogt, 2003). Moreover,
many ICT applications are poorly attuned to the curriculum (Voogt, 2003). Also more
practical reasons hinder the implementation of ICT. Cuban (2001), in a study on ICT use in
the Silicon Valley region found that teachers hardly changed their teaching routines when
using ICT. He found that big classes and 50-minute class periods hampered teachers’ ability
to use ICT in an innovative way. Olson (2000) argued that ICT often does not fit into the
existing teaching culture and may even undermine the teacher’s sense of efficacy. He found
that teachers using technology therefore tend to domesticate applications so that they conform
to prevalent practices. Although it is generally assumed that ICT has high potential for
improving education, research consistently has had difficulty in providing convincing
evidence on the impact of ICT on student performance. This is mainly due to the fact that the
use of ICT often contributes to the mastery of complex cognitive skills. These types of skills
cannot be determined by means of simple, standardized tests. Only recently, however, some
major studies confirm the positive results of ICT on students’ performance (e.g., the meta-
analysis on the effects on student writing, Goldberg, Russell, & Cook, 2003; and the extensive
literature review of Cox, Abott, Webb, Blakely, Beauchamp, & Rhodes, 2004).

These findings illustrate that many factors inhibit the implementation of ICT in the
curriculum. In other words, there is a potential gap between the intended and the implemented
and attained curricula.

The study presented in this article will focus on the relationship between ICT-supported
pedagogical practices and changes in the curriculum. This study has been carried out as part
of the SITES Module 2 research (see Kankaanranta, 2005, in this issue). Two phases of the
study were conducted. Phase 1 had an exploratory character. In this phase a rationale for the
selection of a subset of the ICT-supported innovative pedagogical practices, which were
contained in the database of SITES Module 2, was developed and an initial analysis of the
selected cases in comparison with all submitted cases was carried out. Based on this initial
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analysis the balance of the study was conducted. Phase 2 consisted of an in-depth analysis of
the cases selected in Phase 1. In both phases, the methodologies for data collection and
analyses applied in SITES Module 2 have been used.
In this study the following research questions were addressed:
*  What kind of changes in curriculum content and goals are associated with ICT-
supported innovative pedagogical practices? (Intended curriculum).
*  What are the learning experiences and assessment practices of these ICT-supported
innovative pedagogical practices? (Implemented curriculum).
 What is the impact of the ICT-supported innovative pedagogical practices on
students and teachers? (Attained curriculum).
An overarching question in the study was how ICT supports curriculum changes.

METHODS
Phase 1

The major aim of Phase 1 was to find a way for making an appropriate selection from the 174
case reports that were submitted for inclusion in SITES Module 2 by the participating countries.

Not all 174 cases submitted for SITES Module 2 were considered informative for a study
on ICT and curriculum change. Initial coding of all cases was therefore used to make a first
selection of cases that would be informative for further analysis. The initial coding of all cases
was conducted by the International Coordination Committee and reviewed by the National
Research Coordinators of SITES Module 2. The checklist that guided the initial coding
contained two categories each within two broad indicators of ICT use within a curriculum: the
first indicator related to the nature of the change within the curriculum, and the second
assessed the nature of any value added as a result of implementing ICTs within the curriculum
(see Figure 1). Changes of curriculum content, category a, would have occurred if a new
subject had been introduced in the curriculum, such as information science or when new
topics are added to or removed from the curricula of existing subjects. The change reflected
by category b related to new learning goals that would have applied when the goals related to
lifelong learning competencies had been introduced to the education process.

Does this case describe changes in the curriculum related to: (fick all that apply)

O a. Content

O b. Goals other than ICT skills and/or 'normal' subject related skills

Was there added value specifically claimed for ICT in the IPPUT? (tick all that apply)

O c. ICT supports educational change/reform
O d. ICT supports a change in the curriculum

" IPPUT stands for Innovative Pedagogical Practice Using Technology

Figure 1. Indicators from the checklist used to select cases for Study 2.
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An inspection of the data revealed that 91 cases reported either a change in curriculum
content or in curriculum goals or both (see area A in Figure 2). By inference, this means that
83 cases did not contain references to curriculum change. In itself this is an interesting
finding, as it means that in roughly half of the cases innovations were being practiced without
major consequences for curriculum content and/or goals.

For the in-depth analysis of the research question about curriculum change and its related
questions, the total of 91 cases needed to be further reduced. To generate a meaningful and
manageable selection of cases for the in-depth analysis (Phase 2), the two additional
categories from the checklist, (¢) the added value of ICT for educational reform, and—more
specifically—(d) the added value of ICT for curriculum change, were used within the original
sample of 174. Educational change/reform referred to systemic change and is often broader
than curriculum change only. According to the coding instructions this category could only be
scored if the “added value” of ICT with regard to curriculum change or educational
change/reform could be particularly related to the use of ICT in the case. There were 59 cases
of the 174 that reported that ICT had added value in the change of education and/or the
curriculum (see area B of Figure 2). It was expected that the intersection of the 91 cases that
reported curriculum change on the one hand and the 59 cases that reported that ICT had added
value for education and/or curriculum change on the other hand might lead to a selection of
cases that potentially is very rich because it contained additional information on how ICT can
support curriculum changes. The result was a group of 32 cases (see area C in Figure 2).

The next question was whether these 32 cases constituted a sufficient basis for doing an
in-depth analysis. A first step in answering this question was to determine if this selection
contained enough cases that could throw light on the research questions related to the attained
curriculum (assessment, student outcomes and teacher outcomes). Table 2 shows that this was
indeed the case. The 32 cases differed considerably from the other cases on assessment
procedures, on the majority of indicators on student impact, and on a number of indicators on
teacher impact. Therefore it was expected that the 32 cases indeed would provide information
on outcomes and assessment practices, and therefore probably could serve as a good basis for
analyzing the research questions in this chapter.

Changes in Added yalue
content and/or educational
goals (n = 91) reforn_1 and or

curriculum

(n = 59)

B

Figure 2. Venn diagram of the process for case selection.
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Table 2. Comparison of selected and non-selected cases on curriculum change, assessment,
outcomes and added value (based on initial coding).

Questions All cases All non-selected Selected cases
(n=174) cases (n=32)
(n=142)
Changes in the curriculum related to
Content 27.0 19.7 59.1
Goals 37.4 29.6 71.9
Organization 68.4 67.6 71.9
Time 36.2 35.2 40.6
Alternative assessment 60.3 423 71.9
procedures
Impacts on teachers in terms of
New pedagogical skills 56.9 54.9 65.6
ICT skills 63.2 63.4 62.5
Collaborative skills 35.1 30.3 56.3
Positive attitudes 21.3 19.0 31.3
Negative outcome 7.5 5.6 15.6
Impacts on students in terms of
Subject matter knowledge 62.6 63.4 59.4
ICT skills 75.3 73.2 84.4
Communication skills 39.7 37.3 50.0
Problem solving skills 19.0 16.2 31.3
Information handling skills 28.7 26.1 40.6
Team-/ collaborative skills 62.6 59.9 75.0
Metacognitive skills 38.5 38.0 40.6
Positive attitudes 68.4 68.3 68.8
Added value ICT
Added value for curriculum 16.1 16.2 62.5
change
Added value for educational 24.7 8.5 50.0
reform

A second step was to find a solution to the problem that the in-depth selection might lead
to conclusions that are biased as a result of very specific characteristics of the selected cases,
such as specific use of ICT. The solution ultimately found was a compromise between
manageability and bias prevention.

For this reason a subset of the cases that did not meet the criteria for selection was
examined. We analyzed these cases in the following ways: (a) For the cases that did not
contain indications of curriculum changes in content or new goals, we sought the potential
reasons for this lack of change, and (b) If the reported cases of curriculum changes (in content
or new goals) were not associated with changes in ICT use, what might be reasons that ICT
was not perceived as having added value in supporting these changes?

With regard to the first item, we examined 23 of the cases that did not contain indications
of curriculum change. A first observation from this examination is that, for most of these
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cases, explicit statements were made about the lack of curriculum content change. Often it
was stated that the content of the curriculum was the same as before. The reasons given were
primarily either (a) the innovation concerned only pedagogical change, or (b) the innovation
took place as an add-on to the existing curricula (e.g., extracurricular, optional, elective, etc.).
It was interesting to observe that in a vast majority of these cases the innovative practice was
perceived as being beneficial for creating more student-centered pedagogical approaches.
Also, a substantial number of cases contained explicit statements that ICT was indispensable
for running the innovation. A conclusion that emerges from the data is that new kinds of
curricular goals and content (such as in information management skills and collaboration skills)
appear to be unanticipated effects of the innovation, rather than new goals from the start.

With regard to the second question, we examined 28 of the cases where curriculum
change occurred but was not associated with the added value of ICT. In many of these cases,
however, it was explicitly stated that ICT was indispensable for implementing the innovative
practice. The contribution of ICT was praised in terms of its support for pedagogy rather than
curriculum change.

Phase 2

The 32 cases that were selected in the first phase came from 15 countries. These cases were
analyzed in-depth. The analytical framework used the curriculum representations that were
distinguished above, namely the intended, implemented and attained curricula. For each
curriculum representation, the following dimensions have been included in the analysis.

e Intended curriculum: changes in content and goals of the curriculum.

e Implemented curriculum: teacher and student activities; changes in curriculum

organization; changes in assessment practices.

e Attained curriculum: teacher and student outcomes.

And finally we focused on the added value ICT had for these dimensions.

The 32 cases were coded on the basis of a code list that was elaborated by the
International Coordination Centre. From this code list a selection of codes considered
appropriate for answering the research questions was used. After having coded a case the
research questions were briefly answered for that particular case and supporting quotations
were selected. Examples from codes (and intersections of two codes) and the code results are
presented in Figure 3.

RESULTS
Three Patterns Emerged

A general observation from the analysis was that the terminology used in the case reports to
describe changes in curriculum content and goals, teacher and student activities, assessment
practices, and outcomes appeared to be quite similar in primary, lower and upper secondary
education. However, only in the cases in upper secondary education were the goals more
often expressed in terms of further studies or career perspective.
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Examples from the code list

4.2.1 Content-related goals

4.2.2 Goals other than ICT or subject-related skills
4.2.5 ICT related goals

4.2.6 Change in content

4.2.7 Change in goals

Examples from codes attached to a quotation in the case description

From the case Mathematics learning with the interactive toolkit (Philippines — see below)
Codes: [4.2.1 Content-related goals] [4.2.2 Goals other than ICT or subject-related skills]

As a technology for learning, the innovation is a student-centred educational programme
designed ideally for self-paced learning, though the goal remains the same for all types of
learners: to enhance the development of critical thinking skills through hands-on investigation,
in-depth verification, exploration, and discovery of science concepts and processes.

From the case ICT a bridge to communication (Israel — see below)

Codes: [7.4.5 ICT supports ed change/reform]

Most of the evidence supports the claim that technology is a strong catalyst for innovations and
improvements in education, especially when the Internet is involved. The school staff does not
see itself functioning adequately without ICT. ICT is grasped as a means of developing living
skills and adapting to the modern world, for teachers as well as for students. When the teachers
were asked what would happen had the computers been taken away from the school, their
responses ranged from prospects for deep fear of lack of satisfaction at work, to retreat and
stagnation. There was even a sort of personalized reference to ICT, as one of the teachers
worded it well: "Just not that. We have gotten used to them, and we became very attached to
them. We will miss them very much. It will set us a few steps backwards. "There is no doubt that
ICT triggered the innovation and pushed the school forward, raising self-esteem of teachers,
students and parents within the school. According to one of the parents interviewed, who holds a
senior position in the ministry of education, "there is no precedent for an integrative school
exhibiting such high achievements. | have no doubt that the ICT had a crucial influence."

Figure 3. Examples from codes and quotations from case descriptions.

Although the selected cases all had indications of curriculum change, one might expect
that quite large differences exist between them in terms of the nature of the changes. For
instance there may be relatively small changes in content of a single or a few subjects
(involving a limited number of actors in the school) as compared to relatively large changes
with a school-wide orientation and related implications. From the first overview of results it
appeared that there were indeed strong indications for the existence of this variation. A major
distinction that appeared was between school-wide innovations (involving multiple subjects)
and innovations that were more limited in scope. Regarding the latter, a further distinction
could be made as it showed that a number of cases were oriented on single discipline-based
subjects, while others seemed to be of a cross-curricular nature, using themes to organize the
curriculum instead of academic disciplines. Based on these observations the following
distinctions were made:

Single-subject Curricular Focus: The ICT-supported innovative pedagogical practices
were situated within discipline-based subjects. ICT was primarily used to improve
understanding subject matter content and concepts. An example of the Single-subject
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Curricular Focus is about learning mathematics in a secondary school in the Philippines
(mathematics learning with the interactive toolkit):

The interactive toolkit for mathematics (ITM) supported 9th grade students to
learn concepts in basic analytic geometry. ITM provided students with a new
approach to create simple geometric figures, explore the relationships among
quantities represented in the figures, and make conjectures about these
properties. The use of the ITM in the innovation was aimed at developing critical
thinking in mathematics and made it easier for students to understand the
mathematical concepts through self-exploratory activities. In this way more
emphasis could be given to the depth and breadth of the course content. The
curriculum standards were correspondingly enriched.

Thematic Curricular Focus: The ICT-supported innovative pedagogical practices were of
a cross-curricular nature. Curriculum content was offered through themes and ICT was used
to facilitate the implementation of lifelong learning goals. An example of the Thematic
Curricular Focus is from a primary school in Israel (ICT a bridge to communication):

Skills and knowledge acquired in the ICT projects in this primary school were
implemented in other learning and social situations. Students worked 2 hours per
week on each project: one hour in the classroom focusing on skills such as
planning, writing texts, editing a report, managing a virtual discussion etc. The
second lesson was held in the computer lab, where the students learned to use
ICT for their assignments. Each project had its own web pages which students
and teachers used for communication and for presentation of results. The school
considered ICT projects as a major means of realizing independent learners.

School-wide Curricular Focus: The ICT-supported innovative pedagogical practices were
integrated throughout the school curriculum. ICT facilitated the realization of the school’s
vision on teaching and learning. An example of the School-wide Curricular Focus is from an
Australian school (Multimedia development tools and authentic tasks):

The technology rich environment was seen as a vehicle to achieve innovative
approaches to teaching and learning at this primary school. Students had to make
critical decisions about their own learning. The school instituted systems that
formally recognize the ability of students to play a leading role in the teaching of
others, not necessarily restricted to ICT. A predominant application of ICT was
the development of multimedia products by students. The innovation is a
representation of the school’s philosophy and beliefs about how students learn.

Table 3 shows the distribution of the cases across the three patterns. A cross-case

analysis of the three patterns was conducted using the curriculum dimensions that were
presented in the methods section.
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Table 3. Country origin of cases to education level and Curricular Focus.

Single-subject Focus

Thematic Focus

School-wide Focus

Elementary  China Hong Kong Italy (Smoke signals) Australia (Multimedia
education (Chinese punctuation; France (Vendee globe development tools and
Cyber art project ) junior; Integration of ICT in  authentic tasks;
learning) Constructivist teaching
Israel (ICT a bridge to with ICT)
communication) Norway (Integrated use of
Germany (Media ICT)
competence) Israel (School of the future)
Lower South Korea (Learning Australia (Cinderella is just ~ Singapore (Project I)
secondary environment for science) in time) Germany (Laptops in
education the Philippines Germany (Media grade 8)
(Mathematics learning competence) Norway (Visual
with the interactive communication)
toolkit)
Norway (The use of
web-based integrated
science environment in
the subject science and
environment)
Upper Germany (Self- directed  France (Satellite images) USA (Future high school)
secondary learning in mathematics, South Africa (Theme day)
education Using ICT for Czech Republic (Project
information

management and
design purposes in arts
education)

the Netherlands
(Collaborative learning
in animal husbandry)
the Philippines ( Micro-
computer based science
laboratory)

Israel (Center for
leadership & excellence)
Finland (Web
development course)

region; School library as
multimedia center)
Germany (Personality
development)

Israel (The web learning
center - also lower
secondary)

The Intended Curriculum

The results of the in-depth analysis showed that the ICT-supported innovative pedagogical
practices did not concentrate so much on new content but were rather aiming at the realization
of lifelong learning competencies within the existing content, or at offering existing
curriculum content in a different way. The focus of the curriculum changes that took place
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differed among the three patterns. The Single-subject Curricular Focus particularly focused on
improvement of the teaching of content and concepts. The change did not typically refer to
new curriculum content, but to a more in-depth coverage of content. Important skills that were
mentioned were problem solving and critical thinking. The goals of the innovations concerned
the improvement of understanding by students of the subject matter and the need to develop
higher order thinking and reasoning skills. A typical example of the innovations in this pattern
is a case from the Philippines. In this case ICT was used in a ninth grade math class in order
to facilitate the learning of concepts in basic analytic geometry. The use of ICT made it
possible to easily change variables and to show the different graphs, which then could be
compared. In this way more emphasis could be given to the depth and breadth of the course
content. A better understanding of curriculum content was also the main reason for the
innovation of the eighth grade science curriculum in a case from South Korea. The traditional
approach, where the teacher presented research results, was replaced by a curriculum in which
students conducted lab experiments and simulations and wrote up their results.

On the other hand, in the Thematic Curricular Focus, the aim of the innovations was not
so much focused on change in curriculum content, but rather on new goals that were
considered important for the information society. The innovative technology-based practices
in this pattern often referred to lifelong learning competencies. For instance, the Israeli
primary school that implemented ICT-based projects considered these projects as a major
means of developing independent learning skills that are seen as essential for students’
adjustment to the information society. In order to realize these goals, curriculum content had
to be delivered in a different way and, therefore, cross-curricular and thematic approaches to
the curriculum were adopted.

In the School-wide Curricular Focus the realization of new goals was an important aim,
with a strong focus on realizing education that fosters student responsibility for their own
learning. These schools focused on in-depth and independent learning. A good example is the
Australian primary school and multimedia development tools. In this case the potential of ICT
was used to realize curriculum goals that focused on (a) changing and improving the nature
and quality of thinking and problem-solving processes, (b) supporting students in learning
more about themselves and their world, in taking action, and in making a difference locally
and globally, (c) enhancing the power and effectiveness of the message being communicated
or the position argued, (d) improving students’ critical engagement with and analysis of
information being created and explored, (e) improving literacy and numeracy outcomes, (f)
improving the independent and collaborative skills of all learners, and (g) supporting students
in learning how to learn. In particular, the cases in the School-wide Curricular Focus
expressed a clear relation between the innovative practice and the vision of the school on
teaching and learning. In the School-wide Curriculum Focus pattern, curriculum content was
offered in a cross-curricular way and embedded in authentic contexts.

Learning about ICT could have been mentioned in the cases as new curriculum content
that was offered. Yet, only a very few cases, at the level of upper secondary education, dealt
with learning about ICT. In most innovative practices in this study, learning about ICT was
not mentioned as new content or as a new subject that was offered. However, the acquisition
of ICT skills was considered important, but it appeared that these skills were not learned
isolated from its context, but rather were integrated in the learning of other skills, such as
communication skills and information handling skills. An example is the German case where
fifth grade students had to use ICT for interdisciplinary projects. As was written in the case
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report, “One of the objectives is to prepare students for lifelong learning and to develop their
competence in team-working and their social skills.”

The Implemented Curriculum

In order to realize the curriculum goals, learning environments for students were created. In
all three patterns these learning environments appeared to be quite similar: Students created
products or carried out a research project. Students collaborated during their project or
research work and searched for information. In the innovative practices in the Thematic and
School-wide Curricular Focuses students also published or presented results of their project
work and were involved in self- or peer assessment. Particularly in the School-wide
Curricular Focus, students picked their own tasks. For an overview, see Table 4.

Teachers advised and guided students, while simultaneously providing structure and
keeping track of students’ progress. In the Single-subject Curricular Focus, teachers also
mediated content and prepared (sometimes ICT-based) instructional materials for students.
This latter activity was also typical for teachers in the Thematic Curricular Focus. In the
Philippine math case, for instance, the teacher started the lesson with a short lecture, which
included goal setting, a review of related concepts and the unlocking of difficulties. To realize
the organizational challenges, the collaboration between teachers was quite intensive in the
School-wide Curricular Focus. Such teacher collaboration was encouraged and facilitated by
the schools. For instance, in an Australian primary school, teachers of a particular year level
were provided with non-instructional time (see Table 5).

Despite the similarity in learning environments, the embedding of innovative practices in
the school curriculum was very different. In the School-wide Curricular Focus, students
participated in the innovative practice throughout the whole school day. For these students the
concept “school” was identical with the innovative practice. In the other two patterns the time
that was allocated to the innovative practice varied a lot and was sometimes difficult to
estimate. There were cases that were completely integrated in a subject that ran throughout the
year. Other innovations took two classroom periods throughout the year for all grade levels.
In some cases a specific period in the school year was reserved for the innovative practice,
varying from a two-week block to a single-day project held four times. Because of the variation

Table 4. Overview of student activities per Curricular Focus (in % and absolute).

Student activities Single-subject Thematic School-wide
(n=11) (n=13) (n=8)

Searching for 63.6 (7) 76.9 (10) 100.0 (8)
information

Publish/present results 455 (5) 76.9 (10) 87.5 (7)
Problem solving tasks 54.5 (6) 231 (3) 62.5 (5)
Picked own tasks 27.3 (3) 46.2 (6) 75.0 (6)
Collaboration 90.9 (10) 61.5 (8) 87.5 (7)
Self- or peer assessment 27.3 (3) 53.8 (7) 75.0 (6)
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Table 5. Overview of teacher activities per Curricular Focus (in % and absolute).

I Single-subject Thematic School-wide
Teacher Activities (n=11) (n=13) (n=8)
Lecture 54.5 (6) 0.0 (0) 37.5 (3)
Advise/ guide students 90.9 (10) 92.3 (12) 100.0 (8)
Create structure 90.9 (10) 92.3 (12) 100.0 (8)
Desig_n/ prepare instructional 818 ©) 727 (8) 54 5 (6)
materials
Monitor/ assess student progress  72.7 (8) 69.2 (9) 87.5 (7)
Collaborate with colleagues 54.5 (8) 53.8 (7) 100.0 (8)

in the duration of the innovations in the Single-subject Curricular Focus and the Thematic
Curricular Focus it is more difficult to grasp the impact of the innovations on students,
teachers and the school as a whole.

In three cases of the School-wide Curricular Focus the school interior was changed in
order to implement the changes. For instance, in the Israeli “school of the future” a group of
75 students was taught by two to three teachers. Each group had their own “home” that was
the size of two classrooms. Each home contained three study environments: an open space
teaching area, a computer gallery, and a mini-auditorium.

Regarding assessment, three patterns of evaluation were observed. In about 30% of the
cases it was explicitly stated that there were no changes in assessment practices. In the Single-
subject Curricular Focus and the Thematic Curricular Focus, changes in the assessment
practices implied that more emphasis was placed on formative assessment instead of
summative assessment only. In many of the cases this implied that teachers gave feedback to
students about their progress. Also with regard to summative assessment, changes could be
observed. For instance the evaluation of students’ products was an important element of
summative assessment, instead of only paper-and-pencil tests. Teachers often felt that these
new assessment practices were still in an initial stage.

In the School-wide Curricular Focus new assessment systems were adopted, in which
formative and summative assessment were integrated. In these assessment practices students
and teachers were actively involved. For instance, in an Australian primary school, students
developed and agreed upon rubrics for assessing results of a science project. Students in a
Norwegian primary school had to write a logbook at the end of each week in which they
described how they worked, what subjects they worked on, and what they could do better.
ICT did not yet support assessment practices a lot but, when it did, particularly electronic
portfolios were used and seen as promising.

The Attained Curriculum

With regard to the findings concerning student and teacher outcomes a word of caution is in
place. First of all, in only a very few case reports was reference made to objective data as
evidence for the outcomes. When objective evidence was presented, it mostly was related to
subject matter related outcomes. In most case reports, however, the impact of the innovative
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practice on teachers and students was described in terms of perceived outcomes, based on
opinions from teachers, students, the school principal, or parents. Besides, in quite a number
of case reports, the researchers inferred the impact of the innovative practices on student and
teachers from their observations and interviews. Often we felt that these inferences were
based on the fact that students or teachers carried out specific activities, rather than on
concrete, demonstrated outcomes. Despite these remarks, the cases provide us with
indications about the kind of outcomes that could be expected from the innovative practices.

First we will focus on outcomes for students. A general finding throughout the three
patterns was that students were very positive about the innovations. Students were motivated
for the innovation and the innovation improved their self-esteem. In a majority of the cases a
positive attitude towards learning and school was reported. Table 6 presents an overview of
the findings.

From the analysis we may infer that the acquisition of ICT skills was an important
student outcome in all three patterns. It was unexpected that the acquisition of ICT skills
appeared also important in the Single-subject Curricular Focus, because these skills were not
part of the goals that were pursued. It is noteworthy that in all three patterns ICT skills were
not learned separate from the context in which the students needed these skills.

The acquisition of collaborative skills was important in the Thematic and School-wide
Curricular Focuses. It must be noted that the acquisition of communication skills was often
mentioned in relation to the acquisition of collaborative skills. For instance, one of the
students in the Czech case, where upper secondary school students had to collaborate in
designing a website for villages in the region, said: “A student has much more responsibility
working on this project. We have to learn to communicate with different people. I like the fact
that I can choose the way of work that suits me best.”

Subject matter knowledge was an important student outcome in the Single-subject
Curricular Focus. This was expected because the reason for using ICT was to improve the
teaching of content. The importance of the acquisition of information handling skills in the
Thematic Curricular Focus was also not unexpected, because information handling was seen
as an important skill for lifelong learning. One of the students from the German media class
very well expressed the importance of information handling skills “ find it better. You can really

Table 6. Overview of student outcomes per Curricular Focus (in % and absolute).

Student outcomes Single-subject Thematic School-wide
Acquisition of (n=11) (n=13) (n=28)

New subject matter 90.9 (10) 46.2 (6) 37.5 (3)
ICT skills 90.9 (10) 76.9 (10) 87.5 (7)
Communication skills 9.1 (1) 69.2 (9) 75.0 (6)
Problem-solving skills 27.3 (3) 30.8 (4) 37.5 (3)
Information-handling skills 18.2 (2) 61.5 (8) 37.5 (3)
Team/ collaborative skills 455 (5) 92.3 (12) 87.5 (7)
Meta cognitive skills 45.5 (5) 30.8 (4) 50.0 (4)
Positive attitudes learning/school 63.6 (7) 76.9 (10) 62.5 (5)
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form your own opinion. If you have a book, you have to believe what is written in the book.
But when I have five different pieces of information and three are the same but two differ,
then I can quietly read through them all and make up my own mind about what to believe and
what not to believe.” The emphasis on students’ responsibility for their learning process, an
important aim of the innovative practices in the School-wide Curricular Focus, raised
expectations about the acquisition of metacognitive skills in this pattern. In the innovative
practices in this pattern, the metacognitive skills in student outcome were only mentioned in
half of the cases. Maybe the acquisition of metacognitive skills was taken for granted. We
found that the acquisition of metacognitive skills was also mentioned in nearly half of the
cases in the innovative practices of the Single-subject Curricular Focus. For example, in the
Korean case report on a learning environment for science, the national research coordinator
wrote, “The biggest difference that the innovative practice brought about was that students
changed from receivers who simply swallow presented materials to constructors who create
their personal knowledge.” Apparently students and teachers experienced the acquisition of
these skills as a positive, but unexpected, side effect of the innovative practice.

The innovative practices did not only have impact on students, but also on teachers. A
general outcome for teachers in all three patterns was the development of a positive attitude
towards the innovative practice, particularly because of the recognition the teachers got from
colleagues in the school. The development of pedagogical skills was an important teacher
outcome in many innovative practices in all three patterns, but appeared particularly
important in the innovative practices that were part of the Single-subject Curricular Focus.
The acquisition of ICT skills appeared to be an important outcome for teachers in the Single-
subject and School-wide Curriculum Focuses, often because of having to learn new
applications. A side observation was that the fast development of technology was also a
concern of quite a number of the teachers involved in the cases. They felt that continuous ICT
training was necessary to keep up with the developments. For an overview, see Table 7.

The acquisition of collaborative skills was seen as an important outcome in the Thematic
Curricular Focus and the School-wide Curricular Focus. Particularly in the innovative
practices of the School-wide Curricular Focus, the development of collaborative skills was
explicitly related to formal and informal strategies for professional development that the
school had incorporated in order to support the implementation of the innovation.

Added Value of ICT

The innovative practices showed how ICT was used to contribute to curriculum change and
educational reform. We found that productivity software and web browsers were used in the

Table 7. Overview of teacher outcomes per Curricular Focus (in % and absolute).

Teacher outcomes Single-subject Thematic School-wide
Acquisition of (n=11) (n=13) (n=8)
Pedagogical skills 81.8 (9) 53.8 (7) 62.5 (5)
ICT skills 72.7 (8) 46.2 (6) 75.0 (6)
Collaborative outcomes 36.4 (4) 61.5 (8) 75.0 (6)
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majority of the cases that were analyzed for this study. In addition quite a number of the
innovations used e-mail as a means of communication. These widely spread ICT applications
were used as one of the means to relate the curriculum to the real world: students could
prepare for presentations that have a professional outlook, search for information that is up-to
date, and communicate with others (sometimes, but not yet very often) outside the school. We
also found that in the Single-subject Curricular Focus the innovative practices used specific
software (particularly in math and science) or that a special Website was created. In a number
of these innovations, ICT facilitated guided, reflective inquiry, whereby modeling and
visualization were used as powerful means to enhance learning.

From the way the cases were selected we could expect a clear role for ICT in supporting
curriculum change. Our analysis showed that this role differed to some extent among the three
patterns that we distinguished. In the Single-subject Curricular Focus, ICT supported a more
in-depth coverage of curriculum content that seemed to foster student understanding of
subject matter. In this case one may argue that ICT particularly improved the existing
curriculum. In the two other patterns the added value of ICT was more explicitly related to
educational reform. In the Thematic Curricular Focus this reform was related to changes in
our society: Students should master new goals to be prepared for the information society. In
the School-wide Curricular Focus the acquisition of new goals were clearly related to the
responsibility of students for their own learning. Hence the educational reform in the innovative
practices in this pattern accentuated somewhat more a new view on teaching and learning.

We found quite often that, in the cases in our selection, claims were made in the
submitted reports about ICT having added value for student outcomes. Apparently ICT was
indispensable for the acquisition of the new goals. As has been said above, a result of the
ICT-supported innovative pedagogical practices was that teachers acquired ICT skills, hence
ICT had also added value for teacher outcomes. Not many innovative practices in our
selection reported about the added value of ICT for assessment practices.

DISCUSSION

This article analyzed the innovative practices of a select number of school report cases
regarding ICT use and curriculum change. We showed through this study that the curriculum
content offered in most cases was not new, but rather simply delivered in a different way.
Often curriculum content was offered in curricular settings, crossing the traditional
boundaries of academic subjects. Moreover, in many of the cases, students worked on topics
that were meaningful to them because the topics were related to real life, including the
students’ own experiences. Many of the innovative practices aimed at the realization of new
goals that were related to skills that were considered important for lifelong learning in an
information society. In addition we noticed that assessment practices were starting to change
in many of the innovative practices. Particularly formative (that is, process-oriented)
assessment was considered important. From these findings we may conclude that quite a
number of the features of these innovative curricula reflect elements of an emerging pedagogy
(see also Table 1). However, some of the characteristics that were mentioned in the literature
were hardly found in the innovative practices. For instance in our selection of cases we did
not find many innovative practices where students and teachers collaborated with outside
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actors. Apparently the boundaries between school and the outside world did not change yet in
many of these ICT-supported innovative pedagogical practices. Also we did not find many
cases in our selection where ICT was used to make learning independent from time and place.

Particularly those innovative practices that were related to Single-subject ICT were used
to enhance learning of content and concepts that were important in academic subjects. These
practices particularly focused on improving existing education. We found that these
innovative practices, as far as the aims and rational for the innovation are concerned (the
intended curriculum), did not explicitly refer to notions concerning the information society or
new visions for teaching and learning. However we also found that, in these innovative
practices, the learning environments provided often promoted skills such as collaborative and
metacognitive skills that are considered important for lifelong learning.

An important finding was that ICT skills were not taught in isolation but were part of
more complex skills, such as information handling, collaboration, and communication, and
were embedded in an authentic context. In particular, these more complex skills were seen as
important competencies that students gained from the innovative practice. Such a finding
could influence discussions about the place of “computer literacy” as a separate subject in the
school curriculum. It seems that the basic knowledge and skills of ICTs that are taught in
many computer literacy courses are considered important, but not enough to prepare students
for the information society. The results of this study suggest that the curriculum should go
beyond those basic knowledge and skills and embed ICT literacy within more complex skills
such as information handling, communication, and collaboration. Moreover the results also
suggest integrating these skills into meaningful content.

In our analysis of curriculum-related changes, we distinguished three patterns: the Single-
subject Curricular Focus, the Thematic Curricular Focus, and the School-wide Curricular
Focus. Each pattern was characterized in terms of focus (academic subjects, cross-curricular,
or school-wide) and the perceived added value of ICT for the curriculum, either to improve
teaching existing content, to facilitate the learning of new goals, or to facilitate a new vision
on teaching and learning. Despite differences in the goals and ambitions that were pursued
(the intended curriculum) in the various schools, we also found in general that the innovative
practices were rather similar in the learning environments they provided to the students (the
implemented curriculum) and the outcomes realized for teachers and students (the attained
curriculum). Students worked collaboratively on projects, they gained positive attitudes, and
they acquired ICT skills and developed collaborative skills.

When reflecting on the curriculum changes that were found in a substantial number of the
innovations one may argue that these changes were fairly marginal, particularly when the
share of these changes in the whole school curriculum is taken into account. After all, only in
a relatively small number of the cases the school curriculum as a whole changed (we called
this the School-wide Curricular Focus). On the other hand one must realize that many SITES
Module 2 cases were grass root initiatives that had to operate within the context of state or
national curriculum and examination requirements. Although these curriculum and
examination requirements may vary in the extent to which they leave room to the innovative
practices, one may assume that in many situations the innovations were limited in their
possibilities for curriculum change, particularly when change in content is at stake (see also
OECD, 2001). This observation questions the role of governments in promoting change. If it
is indeed true that countries around the world have to move to drastic curricular changes, then
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governments should provide more room for such change, which implies that curriculum and
examination requirements need to be reviewed and probably adapted.
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Abstract: The paper presents a comparison of case studies about innovative ICT-supported
pedagogical practices in two educational systems, namely Finland and Hong Kong. The two
systems were selected for this in-depth comparison for three main reasons. First, Finland and
Hong Kong performed well in several international comparative studies of educational
achievement. Second, the case studies collected via the SITES Module 2 indicated rather
different profiles between Finnish and Hong Kong schools in terms of ICT infrastructure and
pedagogical practices. Third, further analysis of the case studies data indicated differences in
emergent pedagogical characteristics between the cases collected in Asia and in Western
Europe. The paper aims at exploring in detail two research questions with regard to
innovative pedagogical practices using technology. Firstly, are there systemic differences in
the nature of the educational innovations across countries? Secondly, are there systemic
differences in the change mechanisms and factors influencing change across countries?

Keywords: pedagogical innovation, comparative case study, educational change
mechanism.

INTRODUCTION

Large-scale comparative studies of educational achievement have attracted the attention and
support of educators and researchers, as well as policy makers, as these provide data that may
help us to compare and understand the impacts of different policies, strategies and resources
on education. Since the 1990s, the International Association for the Evaluation of Educational
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Achievement (IEA) studies have moved beyond achievement and systems-level comparisons
of curriculum (Schmidt et al., 2001) to include pedagogical practices (Stigler & Hiebert,
1997, 1999). With the increasing pressures for systemic changes in curriculum and pedagogy,
there has been accumulating interest in the studies of educational innovation. During 1999-
2003, the IEA conducted the Second Information Technology in Education Module 2 (SITES
M2) study (see Kankaanrata, 2005, this issue), which is among the first large-scale
international comparative study of educational innovation'. The SITES M2 study collected
174 case studies of innovative pedagogical practices using technology from 28 participating
countries around the world (Kozma, 2003), which resulted in a rich source of data for the
secondary analysis on educational innovation reported in this paper.

Finland and Hong Kong have performed well in several international comparative
studies published recently. For example, in the Third International Mathematics and Science
Study (TIMSS), both countries ranked above the international mean (Martin et al., 2000;
Mullis et al., 2000). In mathematics Hong Kong was among the six highest achieving
countries and Finland among the next group of countries. In science there were only four
countries which had achievements significantly better than Hong Kong and Finland. The
Programme for International Student Assessment (PISA) of the Organization for Economic
Co-operation and Development (OECD) compared the academic capabilities of students in
the specified academic areas. In PISA 2003, the 15-year-old Finnish and Hong Kong students
were among the highest achievers in all four areas, namely literacy, mathematics, science, and
problem solving (OECD, 2004).

On the other hand, results from the Second Information Technology in Education
Module 1 Study (SITES M1), which was an international comparative survey on how well
schools in different countries around the world were prepared for implementing information
and communication technology (ICT) in teaching and learning, showed rather different
profiles between Finnish and Hong Kong schools (Pelgrum & Anderson, 1999) in terms of
ICT infrastructure and pedagogical practices. Regarding ICT infrastructure, particularly in
terms of access to computers by students, Finnish schools were much better provided for than
Hong Kong schools. Further, the presence of emergent pedagogical practices (i.e., practices
with more innovative characteristics, such as student-directed, collaborative and inquiry type
of practices) with or without the use of ICT was much higher in Finland than in Hong Kong.
These differences are similarly found between cases collected in Asian and West European
countries in the SITES M1 study. In the later SITES M2 study, Law, Chow and Yuen (2005)
reported some differences between the cases collected in Asia and in Western Europe,
including the observation that the classrooms in the Asian case studies were much less
connected to the world outside of the classroom walls.

Innovative pedagogical practices are by definition outstanding exemplars and are thus
non-representative of typical practices found in schools. Literature on educational change and
innovation has identified a variety of factors that influence the nature of the changes as well
as the change process (Fullan, 1993; Lankshear, Snyder, & Green, 2000). Some of these
factors are related to the policies and implementation strategies at the school level, as well as
at the national and regional levels. School climate has also been found to be an important
factor influencing change. It is also expected that the predominant culture and practices in
various countries would also have important impacts on educational change and change
processes, though the literature in this area is much less well documented. Through an in-
depth comparison of the case studies collected in Finland and Hong Kong in the SITES M2
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study, this paper examines two important research questions with regard to innovative
pedagogical practices using technology. Firstly, are there systemic differences in the nature of
the educational innovations across countries? Secondly, are there systemic differences in the
change mechanisms and factors influencing change across countries?

PEDAGOGICAL INNOVATIONS AS DEFINED AND OPERATIONALIZED
IN THE SITES M2 STUDY

It is a reasonable assumption that the 28 participant countries in the SITES M2 Study were
keen to foster the emergence of ICT-using innovative pedagogical practices in schools. Do
different countries have similar expectations for the key characteristics of innovations? Are
the criteria they use for selecting innovative pedagogical practices the same or different?

In the SITES M2 study, each participating country had to set up a national selection
panel consisting of education professionals such as government officers, school principals,
information technology coordinators, experienced teachers, and university researchers. It was
the responsibility of the national selection panel to select cases according to the four
international criteria (see Kozma, 2003) established for the study, such that the cases (a)
showed evidence of significant changes, such as the roles of teachers and students, goals of
the curriculum, etc.; (b) incorporated uses of technology that played a substantial role in the
practices; (c) showed evidence of measurable positive student outcomes; and (d) showed
evidence of sustainability and transferability. There was a fifth criterion that the cases had to
be innovative. However, innovation or newness depends very much on the cultural, historical
and developmental contexts of the countries concerned. Therefore, in the SITES M2 Study,
the criteria for innovation were to be locally defined by the national selection panels as well,
even though the study design did provide some suggestions regarding candidate criteria for
consideration. The suggested criteria for innovation included promoting active, independent
and self-directed learning; providing students with information and media skills and
competencies; engaging students in collaborative, complex and real-world-like problems such
as learning projects; “breaking down the walls” of the classroom to involve other people in
the education process; promoting cross-curricular learning; addressing individual learner
differences; providing students with individualized self-accessed learning opportunities;
addressing equity issues; and improving social cohesiveness and understanding.

Most of the countries, including Hong Kong, accepted the specified international criteria
as comprehensive enough to satisfy the local needs. On the other hand, some national panels
further elaborated on one or more criteria to make them more specific to their needs. The
Finnish panel indicated emphasis on cross-curricular projects and social competencies such as
collaboration. It also characterized that innovative Finnish classrooms should promote active
and independent learning and provide students with competencies to search for, organize, and
analyze information, and communicate and express their ideas in a variety of media forms.
The innovative classroom in Finland engaged students in collaborative, project-based learning
in complex and real-world problems. The Finnish panel also highlighted the meaning of
opening the classrooms in various ways, especially through involving different parties (such
as, parents, scientists, or business professionals) into the daily work of the schools.

In Finland the selection of cases was based especially on three sources, namely SITES
M1 data (see Kankaanranta & Linnakyld, 2003; Kankaanranta, Puhakka, & Linnakyla, 2000),
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previous Finnish studies and national assessments of the use of ICT at different educational
levels (e.g., Sinko & Lehtinen, 1999), and panel members’ own knowledge bases of good
examples. The first source was the database of Finnish examples of satisfying ICT-related
activities in the SITES M1 study. The data were gathered in the school year 1998/1998 and
included 70 cases from primary school level and 62 cases from lower secondary school level.
The ICT-related activities that Finnish school principals considered to be the most satisfying
included various Internet-related activities. At the primary level, 63% of the examples and at
the lower secondary level 76 % of examples were Internet-related. The most common theme
of Internet-related activities at both school levels was international collaboration and
communication, and the second most usual theme was information retrieval and processing.
Some examples of the other themes were the dissemination of information on Web pages,
national collaboration and communication, research projects, and more general practicing of
Internet usage. The Internet-related examples covered the whole breadth of subject areas, and
cross-curricular thinking also was prevalent at both levels.

In Hong Kong, the national selection panel decided to select the innovative pedagogical
practices through an open nomination process. A letter was sent to all schools about the
SITES M2 study and the criteria for case selection, and included an invitation to nominate
innovative pedagogical practices using technology. Two public seminars were also held to
explain to interested teachers and principals the background of the study as well as the criteria
and process of case selection. In addition, the selection panel members also contacted teachers
and schools they knew personally as good potential candidates for nomination, encouraging
them to submit nominations. The selection panel received over 100 nominations from primary
and secondary schools and short-listed 20 cases as finalists for further solicitation of case
details. Only nine innovative pedagogical practices were found to meet all of the agreed criteria
and these were selected for participation in the SITES M2 study: three from upper primary
classrooms, two from junior secondary classrooms, and four from senior secondary classrooms.

A FRAMEWORK FOR COMPARING INNOVATIONS

While there were variations in the emphasis of the innovation selection criteria by the national
panels, the criteria were sufficiently similar and it was not clear whether there were systemic
differences in the innovative pedagogical practices collected across countries. In order to
address the research questions, there needed to be some methods to compare innovations.
While the SITES M2 study collected in-depth case studies of educational innovations from
around the world, the primary aim of the international study was to characterize and describe
the different innovations as a collection. The international report for the SITES M2 study
(Kozma, 2003) did not try to compare the cases and countries in terms of “level of
innovativeness.” So far, two research teams have published findings based on their efforts to
look for meaningful ways of comparing the pedagogical practices collected in terms of “levels
of innovation” in technology-supported pedagogical innovations (Law, Yuen, & Chow, 2003;
Mioduser, Nachmias, Tubin, & Forkosh-Baruch, 2003). The methodology developed by
Mioduser et al. (2003) focused on the impact of ICT on various aspects of learning and
teaching in schools, while the one developed by Law et al. (2003) considered the case studies
collected as examples of curriculum innovation that have incorporated the use of ICT and thus
focused on comparisons of various dimensions of curriculum change, including ICT as one of
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the dimensions. As the interest of this paper is on comparing educational innovations, the later
methodology and the preliminary findings based on that methodology (Law et al., 2005) has
been adopted as the basis for further analysis.

The framework developed by Law et al. (2003) identified six dimensions to be the most
important aspects of any curriculum implementation using ICT:

« Intended curriculum goals of the innovative practices

« Pedagogical role(s) of the teachers

« Role(s) of the students

« Nature and sophistication of the ICT used

«  Multidimensional learning outcomes exhibited

«  Connectedness of the classroom

A rubric for coding the level of innovativeness for each dimension was constructed based
on the concept of emergence, which is grounded in the belief that innovations need to build
on existing practices for them to be viable, yet need to have the courage to break new ground
in order to be fruitful. This rubric was reported in Law (2003) and can also be accessed on-
line (see SITES, Secondary Analysis, n.d.). Each case study was examined for indicators of
change (as in breaking new ground) on a continuum along a traditional versus emergent
dichotomy for key dimensions of analysis. Using this rubric, the Hong Kong SITES research
team conducted secondary analysis on 83 of the 174 cases collected and published the
analysis results in an on-line case studies database (see SITES M2 Database, n.d.; SITES
Study Background, n.d.).

The findings from the above analysis revealed a wide diversity across the cases. Figure 1
presents the diagrammatic representations of two of the SITES M2 case studies, one collected
in Hong Kong and the other in Finland. Further, the level of innovativeness across the six
dimensions can be varied. Of the cases analyzed, ones that were highly innovative in all six
dimensions were rare.

In addition to coding the cases in terms of their levels of innovation, the Hong Kong
SITES research team further analyzed the case studies according to the way learning and
teaching activities were organized and found that these cases can be categorized into six types
of pedagogical practices: project work, scientific investigations, media production, virtual
schools/on-line courses, task-based learning, and expository teaching. By examining the
codes for the levels of innovation for each of the six types of pedagogical practices along the
two dimensions of teachers’ roles and students’ roles, Law (2004) found that project work,
scientific investigations and media production seemed to be the most intellectually demanding
practices, as these required students to engage in collaborative inquiry. This indicated that
these three forms of pedagogical practices probably provided learning contexts that were
more conducive to facilitating student enquiry, and carried more of the features generally
expected of emerging pedagogical practices. On the other hand, expository teaching and task-
based learning were found to be more traditional, whereas virtual schools/on-line courses lie
in between the two extreme ends of the spectrum. These results also provided good
triangulation for the innovativeness coding methodology described above since project work,
scientific investigations, and media production were found to be the most popular pedagogical
practices in the principals’ descriptions of the most satisfying ICT-using pedagogical
practices in their schools, as collected in the SITES M1 study (Voogt, 1999).
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c N 008 T: Coach for Building a Learning Community

Ss: Contribute to Knowledge Building

Broad Community

Ss: Follow Instruction

T: Presenter & Evaluator

F 1 004 T: Coach for Building a Learning Community

Standalone

Ss: Contribute to Knowledge Building

Goal: Members of Learning Community

Broad Community

Ss: Follow Instruction

T: Presenter & Evaluator

Figure 1. A diagrammatic representation of the profile of level of innovation for two of the SITES M2 case
studies, one collected in Hong Kong and the other in Finland.
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REGIONAL DIFFERENCES IN INNOVATION CHARACTERISTICS

Law et al. (2005) reported on the analyses of the innovation profiles of the 83 cases that were
coded using the six-dimensional rubric described above. Owing to the small number of cases
collected in each country, they were not able to make national comparisons. Instead, they
explored the possibility of some regional differences in innovation characteristics by
examining the six-dimensional innovation scores of the case studies grouped under four
geographical regions: Western Europe, the Americas, East Europe, and Asia. Due to the small
numbers of analyzed cases in the Americas (8) and East Europe (6), they confined their
observations and preliminary conclusions regarding regional differences to the cases collected
in Western Europe (45) and Asia (25).

The mean innovation scores (see Table 1) revealed sizeable regional differences across
the various dimensions. In particular, Western Europe had the highest mean innovation score
for all dimensions, except for the dimension ICT sophistication. On the other hand, with the
exception of the ICT sophistication dimension, the mean innovation scores for Asia were
below 4 for all the other 5 dimensions. Furthermore, the regional difference is smallest for the
dimension I/CT sophistication and greatest for the dimension connectedness of the classroom.
The relatively small difference in ICT sophistication is not too surprising in that the case
studies collected are not meant to be representative of the general situation of schools in a
country and the schools that were selected for the case studies were generally well provided
for in terms of ICT infrastructure. The large regional differences in connectedness of the
classrooms indicate differences in how the countries take advantage of the potential
opportunities that ICT offer. In Western Europe, many of the innovations seized upon the
communication capability of the technology to extend the educational opportunities for their
students by allowing them to reach outside expertise or to learn with students outside of their
own schools. In Asia, even though Internet accessibility was available in many of the case study
schools, it was mainly used for the purpose of information search, and students’ learning
interaction was still very much confined to the original classrooms.

Law et al. (2005) also examined whether the sophistication of ICT used correlated in any
way with the level of innovation in the other five dimensions. Tables 2 and 3 indicate some
regional differences. In particular for Western Europe, ICT score is only significantly correlated

Table 1. The mean innovation score and related descriptive statistics along each of the six dimensions of
innovation for the 83 cases analyzed by Law et al. (2003) as distributed across geographical regions.

Dimension of innovation W. Europe America E. Europe Asia Finland  Hong

(45) * (8) (6) (25)  (5)  Kong (9)
Curriculum goals 4.60 4.25 3.67 3.48 4.4 4.4
Teacher’s roles 4.74 413 4.00 3.64 4.4 4.7
Students’ roles 4.57 413 4.50 3.76 4.0 51
ICT sophistication 5.79 6.00 5.50 5.52 6.4 5.8
Manifestation of learning outcomes 4.45 3.88 3.33 3.76 4.2 4.9
Connectedness of the classroom 4.67 4.50 4.00 3.16 5.8 3.9

* The figures in brackets are the number of case studies from countries within the respective region that were
included in this analysis.
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Table 2. Correlation matrix of the six dimensional innovation scores for cases
within Western Europe (N=42).

G_SCORE T _SCORE S_SCORE IT_SCORE M_SCORE C_SCORE
G_SCORE  1.00

T_SCORE 0.64** 1.00

S_SCORE 0.56** 0.67** 1.00

IT_SCORE  -0.08 -0.01 -0.02 1.00

M_SCORE  0.50** 0.57** 0.81** 0.17 1.00

C_SCORE  0.04 0.15 0.17 0.42* 0.20 1.00
**p<0.01

N.B. G_SCORE, T SCORE, S SCORE, IT SCORE, M_SCORE and C_SCORE are the innovation scores
assigned to each case in relation to its declared curriculum goals, teacher’s roles, students’ roles, manifestation
of learning outcome and connectedness, respectively.

Table 3. Correlation matrix of the six dimensional innovation scores of cases within Asia (N=25).

G_SCORE T _SCORE S_SCORE IT_SCORE M_SCORE C_SCORE

G_SCORE 1.00

S_SCORE 0.76™* 0.85** 1.00

IT_SCORE 0.35 0.45* 0.28 1.00

M_SCORE 0.58** 0.64** 0.69** -0.10 1.00

C_SCORE 0.17 0.30 0.28 -0.03 0.35 1.00

*p< 0.05, **p<0.01

with the connectedness score while for Asia, the ICT score is only significantly correlated
with the T score (teachers’ role). Also, the difference in the connectedness score is biggest
across regions while the ICT score has the least variance across regions.

The above discussion indicates that there is evidence of systemic regional differences in
the way ICT is being used to support educational innovations. However, the statistics on the
innovation scores per se do not tell us too much about how these differences should be
interpreted in qualitative terms, nor whether these statistical differences really do carry
meaning. In the next section, we will examine the general features of the cases collected in
Finland and Hong Kong, and then will focus on couple of case studies from each of these two
education systems to explore in greater detail the similarities and differences between these
innovations.

ICT AS A SCAFFOLD TO BUILD CONNECTEDNESS FOR INNOVATION
VERSUS ICT AS A TOOL TO SUPPORT INNOVATIONS

Based on Law et al.’s (2003) analysis, it was found that the mean innovation scores on the various
dimensions for the cases collected in Hong Kong and Finland were very similar, except for the
connectedness dimension (see Table 4). A careful review was made on each of the case studies
collected from these systems to examine the roles played by ICT in these innovations. The results,
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Table 4. The innovation scores for cases collected in Finland* and Hong Kong reported in Law et al. (2003).

Case no. G_SCORE T_SCORE S_SCORE IT_SCORE M_SCORE C_SCORE AV_SCORE

Finnish innovation cases

F1001 5 6 6 6 6 5 5.7
Fl1002 4 4 2 7 2 6 4.2
F1004 4 4 6 7 5 7 5.5
FI1005 5 4 3 6 4 6 4.7
Fl007 4 4 3 6 4 5 4.3

4.4 4.4 4.0 6.4 4.2 5.8 4.9

Hong Kong innovation cases

CNOO01 6 5 6 5 7 5 5.7
CNO003 3 4 5 6 4 7 4.8
CNO005 5 4 4 5 5 3 4.3
CNO006 3 3 4 5 6 1 3.7
CNO008 6 7 7 7 5 1 5.5
CNO009 5 5 6 6 5 7 5.7
CNO10 2 2 2 6 1 2 25
CNO11 4 6 6 5 6 7 5.7
CNO012 6 6 6 7 5 2 5.3

4.4 4.7 5.1 5.8 4.9 3.9 4.8

*The innovation scores for the cases FI003 and FI006 are not presented here as they were not included in the
analysis in Law et al. (2003).

together with a short summary of the innovations collected in Finland and in Hong Kong, are
presented in Appendixes 1 and 2 respectively, and these revealed important cross-national
differences. For the Finnish case studies, the most prominent role played by ICT was that of a
scaffold to build connectedness, which was a critical feature for all the innovations.
Furthermore, the goals of the innovations would not have been realized without building up
the connectedness. On the other hand, in the Hong Kong case studies, ICT was mainly used as
a cognitive or productivity tool for students to accomplish the designed learning activities. In
some cases, ICT played a critical role, especially in cases where the technology was used as a
cognitive tool, while in other cases, ICT was useful but not crucial to the innovation.

Of the seven cases collected in Finland, with the exception of the cases FIO01 and FI003
(cases listed in Appendix 1), the innovations involved participation of students and teachers
from other schools. These five innovations were either part of a regional/national project or
have evolved into a regional/national project during the process. A common feature across
these five innovations was the recognition that a lot of resources and expertise were necessary
in order to provide the extended learning experiences desired for the students (e.g., the teaching
of a foreign language, learning about a minority religion, achieving competency in a wide
range of ICT skills) and building up a network of resources and expertise as well as
collaboration between teachers and students in different parts of the country were perceived to
be the most viable way to achieve the educational goals. Further, in all seven cases, there was
expertise support provided to the innovations from individuals or institutions external to the
school, such as university researchers and teachers, private enterprises, etc. The importance of
building up connectedness in the Finnish cases was also reflected in the presence of an
integrated virtual learning environment in all of the cases so as to be able to deliver distance,
on-line learning to students.
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For the nine innovations collected in Hong Kong, ICT was used to build connectedness to
bring in expertise from outside of the school to support student learning in only one of the cases
(CNO009, see appendix 2). Furthermore, all of the cases did not involve any other school within
Hong Kong. In two of the Hong Kong cases, the innovation involved students entering into some
joint learning activities with a partner school in mainland China. However, in both cases, the joint
activities were study trips organized for students from Hong Kong to visit the respective partner
schools on the mainland and did not involve any on-line interactions between the students. Even
in the case of CN009, where school alumni and members of the community were involved in
contributing to discussions to address the problems raised by students in their learning process, the
technology used was only a simple discussion forum software program unconnected to the other
learning activities of the students. The case information for the Hong Kong cases listed in
Appendix 2 reveals that there were three popular forms of ICT use in those cases. One was to use
technology designed as cognitive tools for specific purposes. For example, data logging
equipment was used in CNOO8 and CNO12 to support experimental scientific investigations, a
Chinese punctuation software program was used in CNO10, and paint programs together with
specialized input devices for creating digital art were used in CN003 & CNO006. Another popular
form was to use Web browsers, search engines, e-mail programs, instant messaging software, etc.
to search for information and to communicate with fellow students or teachers to accomplish the
set learning tasks (e.g., CN003, CN005, CN006 & CNO11). The third and most popular form of
technology use in the Hong Kong innovations was as a productivity tool to create reports,
presentations and Web pages for publishing the outcomes of their learning; this form was found in
most of the cases collected worldwide. Clearly, the technology used as information,
communication, and productivity tools were also used in the Finnish innovations by both teachers
and students and this should not be seen as characteristics unique to the Hong Kong cases.
Further, these functions were often incorporated into the virtual learning environments used in the
Finnish innovations.

From the above discussion, it is evident that there are important differences between the
ICT-supported pedagogical innovations in Finland and Hong Kong. In the next section, we
will explore whether there are also systemic differences in terms of the change processes as
well as the transferability and sustainability between these two sets of case studies.

CHANGE PROCESSES: BUILDING UP A COLLABORATIVE SUPPORT
NETWORK VERSUS BUILDING UP REQUISITE INFRASTRUCTURE AND
TEACHER COMPETENCE

According to Fullan (2001), educational change can be viewed as a three-stage process. The
first phase is initiation, which is the process leading up to and including the decision to initiate
or adopt the innovative pedagogical practices. The second phase, implementation, is the process
of putting the innovation into practice. In the third phase, continuation, the innovative practice
establishes itself as part of the regular practice within the classroom or the school.

Initiation: Which Actors are Involved?

Initiation includes both generating the innovation ideas as well as taking the initial ideas
forward to formulate an innovation plan. For both the Finnish and the Hong Kong
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innovations, teachers played a significant role in the initiation phase in nearly all of the case
studies collected (Appendixes 1 and 2). However, for the Hong Kong innovations, with the
exception of two cases (CNO003, which involved the principal, and CN010, which involved a
university researcher), both aspects of the initiation phase involved only the classroom
teachers concerned. On the other hand, the Finnish cases involved a broader group of
participants in both phases of initiation. The generation of the innovation ideas in Finland was
various: it might have been the principal (FI003) or the classroom teachers (FI005 & FI007)
whose ideas sparked the innovation, or it might have been the ideas of both the teachers and
the principals in the local area (FI002 & FI004), or sometimes it was initiated by personnel
external to the school, as in the cases of FI001 and FI006 when it was university researchers.
Another prominent feature of the Finnish cases was the way these multiparty collaborations
developed to satisfy the intertwined needs of the various parties concerned. For example, in
the ITM (Information Technology and Media) line project (FI003), the aim was to raise the
school’s profile and academic standards with a technology-oriented curriculum while, at the
same time, the city was striving to ensure the development of ICT expertise in the region by
investing in the education of future ICT experts and encouraging them to stay in the region. In
this project, the students had the possibility for an early start in higher education in the ICT
fields as a part of their studies at the upper secondary level and the opportunities to practice in
the local ICT companies.

Implementation: The School-based Teacher Team versus the Diverse
Community Participation

The differences between the Finnish and Hong Kong innovations became even more apparent
if we examine the phases of innovation plan formulation and implementation. In the case of
the Hong Kong innovations, it was generally only those who generated the ideas who worked
on the development of the plans. An important part of realizing the action plan was to ensure
that the requisite ICT tools and infrastructure, as well as the necessary technical and
pedagogical skills, were in place, which then became the first obstacle that the innovation
teachers had to overcome. If the innovation required substantial ICT tools and infrastructure
that the school did not already have (CN003, CN00OS, CN012), then the teachers had to work
very hard to solicit funds for them, which involved writing and submitting grant application
proposals to the various funding schemes that the Hong Kong government had set up to
encourage and support school-based innovations. Furthermore, the innovation teachers had to
look for ways to equip themselves with the necessary technical skills if they did not already
possess them before the innovation, which may have been done through attending relevant
courses if available, and/or through self-study. In all of the Hong Kong innovations, with the
exception of CNO10, the teachers had to explore and develop new pedagogical skills only
with peer support from other teachers directly involved in the innovation.

As an example, the teacher in CN008, who had the innovative idea of employing data
logging equipment in science experiments to develop students’ ability to design and conduct
scientific investigations, began by convincing two other science teachers to become interested
as collaborators in trying out the new ideas. Then they had to obtain the principal’s support to
submit a grant proposal to get funding from the Quality Education Fund to purchase 10 sets of
the requisite data logging equipment and associated software. When the school received the
good news that they were successful in obtaining funding, the teachers then had to face
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serious pressure to handle the whole tendering and purchase process, start learning to use the
data logger for conducting general scientific experiments, before finally facing the ultimate
challenge: to guide students in developing their own inquiry problems into specific
experimental designs and to complete them. All these teachers handled this process without
external support, except for the funding for the innovation.

In Finland, as mentioned earlier, most of the cases have extended the circle of
participants involved in the initiation phase of the innovations so that there was a much
broader network of expertise and support that the initiators could draw on in developing the
innovation plan. In some cases, the implementation plan may have been mutually beneficial
to the outside partners so that they become eager to engage in and to extend their
collaboration. For example, in the case of distance language teaching in archipelagic schools
(F1002), the need for the innovation came from the small schools in the region. They wanted
to provide a broader range of optional foreign languages for their students to choose from.
The teacher training school at the local university responded to this and used this as an
opportunity to develop outsourcing services. Further, this also responded to the university’s
own needs for providing opportunities for student teachers to engage in different and,
especially in this case, technology-enhanced teaching methods.

In terms of infrastructure, all Finnish schools had rather good access to varied forms of
technology. Four of the cases received support from universities in the form of access to
research-based learning environments designed by university researchers. In terms of
pedagogical expertise development, teachers in four of the cases received valuable support for
their work through collaboration with outside experts. Nevertheless, the schools themselves
had to make efforts to ensure the continuous development of the infrastructure and the
pedagogically relevant use of ICT. Thus, the Finnish teachers and principals, like their Hong
Kong counterparts, needed to make constant efforts to apply for funding to implement and
sustain the innovations.

Continuation: The Standalone Fragility versus a Network of Innovation

The distinct differences in the change process between the Hong Kong and Finnish
innovations did not stop at the initiation and implementation phases, but had as well important
impact on the continuation phase in terms of the sustainability and transferability of the
innovations within the respective systems. As described above, a lot of the energies spent
during the initiation and implementation phases of the Hong Kong innovations came
primarily from the innovative teachers themselves to build up the technology infrastructure
and teacher competence required. At the point when the data for the case studies were
collected, it was not clear whether those innovations would stay if the specific teachers
involved in the innovations were to leave the school. The possible exception was CN0O03,
where the principal was very much involved in supporting the innovation through the
establishment of a large team of 12 peripheral “art” teachers within the school to support the
more labor-intensive activities in the innovation, such as looking after the pupils when they
went out on art field trips. A consequence of the totally school-based nature of the innovations
and the change processes of the Hong Kong innovations was the difficulties in transferring (or
extending) these innovations to other schools. The lack of a support infrastructure beyond the
school meant that schools interested in adopting these innovations would have to go through a
similar process of innovation as the original innovators. The innovations themselves had not
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generated any support structures for scaffolding new innovations, even though there was
accumulation of expertise in the individual innovation teachers involved in those cases.

On the other hand, all of the Finnish cases built support structures and implementation
infrastructures right from the initiation phase, which were further strengthened during the
implementation phase. Such support structures would greatly reduce the burden of innovation
if the practice were to be extended in time or extended to more classrooms within the same
school or different schools, thus aiding the sustainability and transferability of the Finnish
innovations in the continuation phase. It was thus not surprising to note that clear evidence for
sustainability and transferability was observed in the Finnish case studies even at the time
when the SITES M2 data were collected. The sustainability of the innovative practices was
evident also in the follow-up made in June 2005. As surveyed from the schools’ Web sites,
five out of the seven cases had continued their existence at least in similar, but also in some
cases in more extended, intensity. One of the cases, Netlibris, had resulted also in high
transferability, which was foreseeable already at the time of data collection for SITES M2.
The following excerpt from the home pages of Netlibris (see Netlibris, n.d.) describes the
current situation and ongoing widening of the literature circles.

Netlibris attracts students from across Finland, and although most are located in
the south, there are participating schools from areas as far as 170 kilometers
(appx. 100 miles) north of the Arctic Circle. Literacy growth and appreciation is
at the heart of Netlibris, but information and communication technology (ICT)
skills also are developed through participation in the project. Some literature
circles connect schools across Finland - they use video conferencing for face-to-
face contacts. In seven years the concept has spread not only geographically but
also from the primary school level to the secondary and upper secondary schools
and from the gifted students to all levels of readers. Now there are more than a
hundred teachers and over 2000 students, including also groups for struggling
readers. In 2002 - 2003 more than 70.000 messages were posted at Netlibris-
discussion forums.

The concept of Netlibris is easily transportable in various user groups, subjects
and cultures. The technology required is available in many countries. The most
important ingredients are the network of dedicated teachers and the opportunity
for collaboration and in-service training. The first international literature circle,
Matilda i Norden, was launched during the Netdays 99 week. Netlibris was
chosen one of the Umbrella projects of Netdays2000.

Currently Netlibris is one of the “virtual school” projects supported by the National
Board of Education (NBE). This means that the project receives half of its funding from NBE
and the other half from the participating municipalities. Each year, the municipalities apply
for discretionary allowance from NBE, which requires the municipalities to commit
themselves to a similar amount of their own funding. The coordinator of the Netlibris project
explained that the funding in 2005 was reduced by half (S. Mattila, personal communication,
June 20, 2005) because NBE estimates that, given the long history of the project, it is already
becoming part of the regular practices, meaning it is in the phase of continuation (Fullan,
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2001). The coordinator, in the same communication, also analyzed the reasons for successful
implementation of the project, and explained as follows:

The reason for such a fantastic and lively development of Netlibris is mostly
based on the immense enthusiasm and commitment of those participating in it.
The biggest resource and capital is the huge knowhow we currently have in our
network. A special richness is the “infinity” of our project - the teacher network
transcends the limits of municipalities and school levels.

CONNECTEDNESS, EDUCATIONAL INNOVATIONS AND NATIONAL
INFORMATION STRATEGIES

Connectedness was the sixth dimension identified by Law et al. (2003) for comparing the level
of innovation across different cases. It described one prominent feature emerging from many of
the case studies collected: the boundaries for classrooms have become much less well defined in
these innovations as compared to the average classroom. Students and teachers involved in the
connected innovation classrooms benefited from being able to interact with and to learn from
students and teachers from other classrooms, other schools, or even other countries, as well as
from parents, alumni, community groups, outside experts, etc. The roles that these external
participants play were also very diverse, from peripheral to core involvement in the teaching
and learning process.

As described in the previous sections, the biggest difference between the Western
European and Asian innovations in terms of levels of innovation was that the former were much
more connected than the latter. This paper also drew on the Finnish and Hong Kong case studies
to reveal how this difference in connectedness was linked to the qualitative differences in the
nature of the innovations as well as differences in the change processes associated. Are there
any reasons for the differences observed? Obviously change factors can be found at the
individual teacher level as well as the school and system levels. Teacher- and school-level
factors should help to explain why the innovations were observed in some schools and not
others. On the other hand, the cross-national differences observed between innovations are
likely to be associated with systems-level differences. Differences such as the organizational
culture in schools and whether interschool and cross-sector collaboration is commonly found in
schools and the community obviously may contribute importantly to the systemic differences
observed between the case studies collected from Finland and Hong Kong. However, the study
did not attempt to collect data in a systematic way to address the issue of cultural differences.
On the other hand, each case study had to include systematic information on national and
regional policies and strategies on ICT in education. In the remainder of this section, we
examine what differences, if any, exist at the policies and strategies levels and, if so, whether
such differences may be linked to the differences in innovation and change processes observed.

Hong Kong: A Strategy that Encourages School-based Development and
Interschool Competition

At the systems level, both the Hong Kong and Finnish governments have established their
respective ICT in education implementation policies to promote the use of ICT in teaching
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and learning activities in schools. However, there are fundamental differences in the overall
educational developmental context and their policy and strategic emphases.

Hong Kong announced its first 5-year ICT in education master plan, Information
Technology for Learning in a New Era Five Year Strategy, in 1998 (EMB, 1998). Before the
announcement of the master plan, very few primary schools had any computers for instructional
purposes. On the other hand, nearly all secondary schools at that time had at least one computer
lab, but it was generally confined in use to teaching computer-related subjects. Therefore, the
use of ICT across the curriculum was in itself a relatively new phenomenon.

The educational goals for integrating the use of ICT across the curriculum were not
clearly spelled out nor well understood in the Hong Kong education community or the general
public. At the rhetorical level, the use of ICT was intended to link students with the vast
networked world of knowledge through the Internet, to help them to develop better
information processing capabilities, and the attitude and capability of undertaking lifelong
learning. At the practical level, the master plan included a specific target for all schools:
Within 5 years, at least 25% of the teaching and learning within the school curriculum should
be supported through ICT and that, within 10 years, all teachers and grade 11 graduates
should achieve competence with ICT tools.

Significant financial resources were allocated for the implementation of this master plan
and a prime focus of the policy measures was on preparing the technological readiness of
schools and teachers. The various ICT-specific provisions amounted to US$391 million in
capital cost and US$125 million in total recurrent funding from 1997/98 to 2001/02. Most of
the non-recurrent funding was spent on access (provision of computers to schools; 62%),
followed by connectivity (i.e., computers that can access the Internet; 22%), and teacher
training (16%). Recurrent funds are mainly used to support activities under five main
subcategories: organizing ICT in education refresher training courses; educational software
development; provision of 250 ICT coordinators for public sector schools; contract of
technical support services to schools; and contract maintenance services for school PCs. In
addition, a program called Technical Support Service (TSS) was also launched to provide
extra human resource and technical support for the hardware and troubleshooting. Another
important initiative taken in Hong Kong was the region-wide provision of technical training
for teachers. Three levels of technical competencies for teachers were identified: basic,
intermediate and advanced levels. All Hong Kong teachers (about 50,600) had completed
training at the basic level by the academic year 2002/03.

It is important to note that the Education and Manpower Bureau (EMB) adopted a
differential funding strategy that provided incentives for schools which took the lead in
spearheading changes that the policy stipulated. There were altogether 428 secondary schools
and 829 primary schools at the time the master plan was announced. Resources were set aside
to ensure the basic access and connectivity of schools, leaving a substantial proportion of the
funding to be utilized in the form of incentive schemes, such as a pilot scheme on ICT
integration for 20 schools to explore innovative ways of using ICT to support learning and
teaching, as well as the ICT Coordinator Scheme, and the Technical Support Service Scheme
described above. In addition, schools were able to apply for funding from the Quality
Education Fund to implement various ideas related to the improvement of education; Projects
related to ICT in teaching and learning were one of the priority areas for funding. These
funding schemes encouraged schools to take proactive steps to innovate, while at the same
time also promoted a highly competitive culture among schools.
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None of the nine Hong Kong innovative case studies involved cross-school collaboration
with any other school within the Hong Kong territory. The change processes in these cases
also did not develop a structure of collaboration and support beyond the school. Seven out of
the nine SITES M2 cases in Hong Kong received financial support from the government, but
only in one case was the innovation part of a bigger university-based project and received
pedagogical support from beyond the school. The schools and the teachers involved thus had
to make tremendous efforts in bootstrapping their innovations from initial conceptualization
to the final outcome, and bore the consequences of all the risks involved by themselves. The
features and changes achieved in the innovations studied varied greatly, depending on the
understanding and knowledge of individual schools and/or teachers of the pedagogical
innovations and ICT functionalities. This lack of cross-school collaboration may also be
relegated to the lack of a collaboration culture among schools. However, the strategies used
by the government for school education development in general and for ICT-specific
developments in particular certainly did not encourage or support collaboration across
schools, nor give specific support to the establishment of wider support structures beyond the
innovation school.

Finland: A Policy Emphasis on Collaboration and Teamwork

Finland, on the other hand, had a much longer history of ICT use across the curriculum.
During the 1990s the Finnish strategy was to develop ICT in education as part of its policy of
building a Finnish information society. In 1995, the government produced a position paper
outlining its information society strategy of providing every citizen with opportunities to
acquire the skills they will need to access the information mediated by new technology. It is
thus clear that one of the priorities for using ICT is to improve the equity of access to
information and to education that is essential to that access. The Finnish Ministry of
Education (1999a, 1999b) has developed its national ICT policy for education through a series
of information strategies, the latest being the 3-year strategy “Information Society Program
for Education, Training and Research 2004-2006 (Finnish Ministry of Education, 2004).

The Finnish NBE commenced an ICT implementation program in 1996, titled
“Information Finland” (see Kankaanranta & Linnakyld, 2003). The program has helped
schools acquire the necessary infrastructure, become linked to information networks, provide
in-service teacher training, and develop learning and teaching materials. In particular, one of
its subprojects, OPE.FI, was conducted to ensure that every Finnish school would have a
strategy for the implementation and use of ICT in teaching and learning, suited to the
contextual characteristics and needs of the school by 2002. Teacher training was further
emphasized in the in-service training program called “Finland as an Information Society,”
which provided a framework and guidelines for developing the pedagogical use of ICT in
Finnish schools. Some of the main focus areas were collaborative teaching and learning,
networking, and teamwork. This policy emphasis resulted in various technology-supported
school projects in different parts of Finland. The program also produced on-line instructional
materials in Finnish, which was in accord with the Ministry’s goal to produce Finnish content
in the new media (Finnish Ministry of Education, 1999b).

In Finland, the schools had widely adopted the national strategic emphasis of networked
and collaborative use of ICT in instruction, the research-based development of this
instruction, and the building of virtual schools. Five out of the seven innovative cases actually
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represented larger networked projects within local, regional or national contexts, although
they were studied in the SITES M2 with a focus on the classroom, as specified in the SITES
M2 study design. A networked project implied that similar ICT-supported pedagogical
practices were implemented in several schools (e.g., distance language teaching in the
archipelagic small schools and orthodox religion teaching in one Finnish region), and may
even involve several school levels (e.g., the Netlibris literature circles), or be part of a larger
project which acted as a local center for enhancing ICT usage (e.g., web course). It is also
evident that one of the goals for building these networked projects was to improve equity of
educational opportunities for students, which allowed for students to be able to learn foreign
languages, the orthodox religion, complex ICT skills, etc. Further, on-line technology was
heavily adopted in nearly all the Finnish cases, resulting in a relatively high level of
connectedness in the SITES M2 Finnish cases. Already in SITES M1 (school year 1998/1999)
the ICT-related activities that Finnish school principals considered to be the most satisfying
included various Internet-related activities (Kankaanranta, Puhakka, & Linnakyld, 2000). The
connectedness of the cases also involved essential linkages to different parties outside schools.

CONCLUSION

In this paper, we have conducted in-depth comparisons of the ICT-supported innovation
pedagogical practices collected in SITES M2 from Finland and Hong Kong. Starting from the
observation that the Asian case studies were lowest in connectedness while the Western
European ones were most connected, the qualitative analysis revealed significant differences
in the role played by ICT in the cases collected from these two education systems. In the
Finnish cases, ICT played the core role of providing a scaffold to build up the connectedness,
which was essential to the Finnish innovations. For the Hong Kong innovations, ICT was
used mainly as a learning and productivity tool. Even though Internet access was available in
all of the Hong Kong innovation schools, its use was confined mainly to information search
on the Internet. The only communication tools used in the Hong Kong case studies were e-
mails and a discussion forum. On the other hand, all of the Finnish innovations adopted on-
line learning environments that formed an important information and communication
infrastructure to scaffold the learning activities and the collaborative interactions between the
various parties involved in the innovations.

The analysis also found significant differences in the initiation, implementation and
continuation phases of the innovation process across the two systems, which is also linked to
the difference in connectedness. All of the Finnish cases found collaborators and established a
network of technological, learning resources and/or expertise (subject matter and pedagogical)
support for the innovations. Most of the innovations also extended beyond a single school to
become a networked project at the local, regional or national levels. Such a change process
not only helped to reduce the burden of innovation on the initiators, but also helped to
establish an infrastructure (technological and socio-institutional) that will contribute
importantly to the sustainability and transferability of the innovations. On the other hand, in
the nine Hong Kong cases, with the exception of one innovation that was part of a university-
based project, the innovation teachers had to build up the requisite infrastructure and teacher
competence by themselves. Support and collaborations were confined within the innovation
schools. Even though the teachers involved in these innovations did accumulate a lot of
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expertise in the change process, it did not result in the establishment of any support
infrastructure beyond the school. As a result, the sustainability depended largely on the
continued support from the teachers and the school heads concerned, while the transferability
of the Hong Kong innovations was very limited.

The differences in the roles played by ICT in the innovations and the different
characteristics of the change processes between the Hong Kong and Finnish innovations can
be linked to systemic differences in the historical educational contextual differences as well as
the differences in ICT related education policies in these two systems. Hong Kong had a
much shorter history of ICT use across the curriculum. It established a strategic master plan of
ICT in education that encouraged schools to compete for funds and human resources to
develop their own ICT-supported pedagogical practices. On the other hand, Finland had a
much longer history of ICT use across the curriculum and a national priority for ICT
development was to improve the equity of access to educational opportunities. Furthermore,
the policy priority was to promote collaborative teaching and learning, networking, and
teamwork.

The above in-depth comparison between the Finnish and Hong Kong innovations is
useful in providing us with a much deeper understanding of the connection between the
classroom, school and system level changes in ICT-supported educational innovations. It is
not clear to us whether these same differences were applicable to understanding the
differences in the SITES M2 case studies between other Asian and Western European
countries. It is however our view that such an approach to cross-national comparisons will
contribute valuable insight to our understanding of educational innovations, which would not
be easily accessible otherwise.

ENDNOTE

' The SITES M2 study was conducted at about the same time as the OECD study on cases studies of ICT and
organizational change reported in Venezky and Davis (2002).
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APPENDIX 1

A brief summary of the case studies collected in Finland and the roles played by ICT in each innovation studied.

Case number & title

Brief case summary

Role of ICT in innovation

FI1001:

A computer-supported
collaborative learning
project

The goal of the innovation was to increase computer-supported collaborative
learning in school. Students collaboratively conducted research projects in
science. They were responsible for their learning, and they dealt with the entire
research process by themselves. Students and teachers utilized the Web-
based environment WorkMates, which was developed by the University of
Turku. The environment supported students’ learning by providing tools for
questions, discussions, and knowledge production. Students could comment
on each other's notes, and shared information on their progress in the
research project and knowledge acquisition. Teachers guided and supported
students’ learning, and provided feedback to students throughout the project.
The teachers received pedagogical support on computer supported
collaborative learning from a researcher at the University of Helsinki.

Key issues of this innovation
were Internet access and the
WorkMates environment, which
supported the students’
collaborative inquiries.

F1002:

Web-based distance
language teaching in
archipelago schools

This innovation was a collaborative effort between a teacher training school
and a primary school in Finland. Students learned German through distance
learning. The goal was to guarantee equal opportunities for pupils in small
rural schools to choose optional foreign languages. It also advanced teachers’
ICT skills and the schools’ technological resources. This innovation utilized a
Web-based learning environment designed for young language learners. A
teacher designed a series of exercises to be done in Microsoft NetMeeting
application and virtual notebook. Students worked on various tasks in a Web-
based learning environment either alone or collaboratively with each other and
with the distance teacher. This strengthened the students’ responsibility for
their own learning.

Video-conferencing equipment,
Internet connections, and a
Web-based learning
environment, which included a
virtual notebook and Microsoft
NetMeeting capabilities, were
used to allow students in the
rural school to learn from
teachers located at a distance
via a variety of learning and
interaction formats.

F1003:
Information technology

and media in teaching.
ITM Line

The aim of the information technology and media (ITM) studies was to provide
students with knowledge about computer technology and practical ICT skills.
Students were given chances to select different courses offered by ITM Line. In
the courses, students engaged themselves in various kinds of activities, such as
doing exercises and conducting projects. Moreover, within the collaborating
scheme with some private companies and a university, it was possible for the
students to work for the companies or take a university course. Teachers guided
and supported students and also taught them ICT skills in this innovation.

ICT was essential for this
innovation because the entire
content of the innovation was
based on ICT and media. The
project used word processing,
e-mail, and multimedia tools.
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F1004: This innovation involved a Web course consisting of 20 study weeks of ICT played a very significant
Web course information technology in an upper secondary school. Students acquired role in this innovation not only
various ICT skills, learned skills for group work, and worked on projects because the curriculum goal
involving virtual companies, as well as carried out practical training in some was for the students to acquire
companies. The school did not have enough qualified staff to teach the course, | various ICT skills. ICT also
so teachers who were employed from outside the school planned and provided the platform for
developed learning activities with the support of the project coordinator. This learning to take place and
Web course was supported pedagogically, financially, and technically by a allowed students to learn from
project called the Sipoo Institute, which is a virtual center for network experts outside of the school.
pedagogy development. This institute also organized supplementary seminar
activities. A considerable amount of work in the Web course was independent
work. Students constructed Web-based portfolios as part of their learning
activity.
F1005: Netlibris was a literature project that aimed at encouraging students to read The Netlibris environment is

Netlibris literature
circles

more books, share their reading experience with peers, and to encourage girls
to use ICT. Teachers planned activities with librarians, students, project
coordinators, and several experts (authors, etc.). Teachers also participated in
Web-based literature discussions and modeled literature discussions and
interaction skills. In this innovation, students chose books to read from
common bookplates on the Netlibris Web site, kept a reading diary, and
discussed the books with others in the Web-based environment and in face-to-
face meetings with peers. They also planned and arranged literature events for
other students, such as virtual “author visits.”

critical to this innovation as all
key activities are conducted
there. Students read books,
discussed them with students
from different cities and
countries, “met the authors”
virtually, took turns editing a
network magazine, etc. Tutors
and mentors also had their own
discussion space.

F1006:

Diversifying school
instruction of the
Orthodox religion by
means of ICT

Ort + Edu is a national project that develops instruction on the Orthodox
religion, which is a minority religion in Finland. In this project, participants
collected materials related to the Orthodox Church’s visual and auditory
cultural heritage (e.g., the divine services, icons, church buildings, and sets of
church-related articles) from the Web, implemented a Web-based learning
process, posted their knowledge back to the Web, and collected feedback.
This innovation utilized a virtual, open-learning environment for the students;
teachers could also communicate with each other. Altogether 12 teachers
participated in this project, which was supported by a researcher from the
University of Joensuu. The project also succeeded in increasing interest
regarding new learning environments and promoted a more positive attitude
towards ICT among teachers. The purpose of the learning environment was to
teach the Orthodox religion.

Internet connections,
videoconferencing equipment
and e-mail were critical to this
innovation in order to extend
the learning activities beyond
the classroom walls. These
tools also allowed students to
learn with and from other
students, as well as to meet
with Orthodox priests, etc.
Multimedia (Real Player)
software was used for putting
course materials on the Web.
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F1007: Technology-
enriched history
projects

This innovation aimed to promote the use of Web-based learning practices, to
get students to understand and apply their knowledge of history through role-
playing historical characters, and to cultivate students’ responsibility for their
learning. It was a joint project between the lower secondary classes in two
schools. The study theme was industrialization, and students from one school
played roles in the British society while students from the other school played
roles in the Finnish society. The teachers planned the lesson activities,
gathered the relevant information sources, and guided students’ learning.
Students did exercises and discussed their roles. They worked both
independently and collaboratively with students in the other school. They sent
messages to each other utilizing a Web-based environment. The researchers
from the Institute of Educational Research, University of Jyvaskyla, supported
the project and this was found to be extremely useful by the innovation
teachers.

FLE, a Web-based environment
developed at the University of
Helsinki, was the key
technology used in this
innovation. It has five separate
modules to support different
facets of the students’ activities:
the students’ own “worktable”
for creating their own products,
an asynchronous conferencing
and discussion environment, an
asynchronous environment for
communal planning and writing,
a “library” for publishing
multimedia teaching materials
for students, and management
tools.
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A brief summary of the case studies collected in Hong Kong and the roles played by ICT in each innovation studied.
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Case number & title

Brief case summary

Role of ICT in the innovation

CNO0O01:
My pocket money

A class of Primary 6 (grade 6) students participated in a 4-month
interdisciplinary project covering general studies, mathematics and Chinese.
This innovation encouraged the development of students’ abilities in various
areas, such as information and analysis skills, communication skills, and the
ability to work in teams. Students took part in different activities such as
research and fund-raising. Under the teacher’s facilitation, students learned
actively from peer collaboration in a variety of activities.

In this case study, ICT functioned
as the students’ tool for
documentation, data analysis,
presentation, and publicity, as
well as a medium of
demonstration for the teacher.

CNO0O03:
The cyber art project

This project aimed at cultivating students’ creativity, promoting a new way of
learning and teaching art with multimedia, and extending the learning space
beyond classroom. Students from primary grades 4 to 6 used laptop
computers and related software for artwork in both the art lessons and the
extracurricular activities. The activities included outdoor and indoor sketching
practice, collaboration with a primary school in Mainland China, a students’
exhibition, and trip to Beijing. This innovation encouraged collaboration
between teachers and enhanced the efficiency of lesson preparation.

In this case study, the laptop
fitted with the special pressure
pad and associated software
allowed students to learn to
create art through different
simulated media formats and in
various indoor & outdoor settings,
which would not have been
possible without the technology.

CNOO05:

Exploring the live
physics

In this innovation, students in a Secondary Three physics class (grade 9)
worked together to investigate one real-life physics phenomenon assigned by
the teacher, using Internet search, group discussion, and presentation of their
proposal and findings. The teacher played a facilitating role while students
became actively engaged in self-directed exploration and collaborative work
with their fellow classmates. It aimed at cultivating students’ interest in
learning physics, enabling students to learn via information search,
encouraging whole-person development, and promoting self-learning.

In this innovation, students
searched for information on the
Internet, published their findings
through a Web page and used e-
mail and instant messaging
software for communication
during the project process.
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CNO0O06: This innovation was implemented by two teachers in the Secondary 3 (grade Students searched for information
Creanimate 9) classes in the art and design subject in a girls’ school. The major goals of about various habitats as well as
this practice were to foster students’ creativity and to develop in them an pictures for different species
understanding that creativity often needs good rational bases supported by through the Internet. Students
rich information. Students had to work in pairs to create a fictitious animal and | also used special art creation
to submit a report on the habitat of that animal, explaining how the features of | software, Picture-It, as a
the animal were suited to its “natural” habitat. The teachers played the role of | productivity tool for creating their
facilitators in guiding students through the exploration and creative process, fictitious animal.
while students learned from one another by participating in collaborative work
and peer evaluation.
CNO0O08: This innovation involved students in three science subjects, namely biology, ICT played a key role in

Problem-based
learning: Computer-
assisted scientific

chemistry and physics, in Secondary 4 to 6 classes (grades 10-12). Students
participated voluntarily in as an extension of their school curriculum to design
10 investigations in each of the three subject areas. The investigation

supporting data collection and
analysis, allowing students to
tackle investigations that would

investigations problems were initiated by the students and had to involve the use of data not otherwise be possible (e.g.,
logging systems in the data collection and computers for data analysis. Each | collecting data in fast-changing
investigation was composed of three phases: pre-laboratory discussion, processes) and supporting
laboratory session and post-laboratory discussion. It aimed at promoting discussion beyond face-to-face
science learning via authentic experimental investigations using digital contact via the use of e-mail &
technology. instant messaging.

CNO009: This innovation started as an initiative from the science teachers in a school to | The online discussion forum

Learning through Web
discussion forums

provide an opportunity to students throughout the entire school—from
secondary 1 to 7 levels (grades 7-13)—to participate voluntarily in forums on
physics, chemistry, biology, and mathematics. The forums were also open to
teachers, school supervisors, and alumni. In this practice, students posted
questions and received feedback from teachers, peers, and experts outside of
the school (e.g., alumni or parents who may be engineers, medical doctors,
scientists, etc.). Teachers acted as guides and colearners of the students,
while students played the active role of peer tutors, knowledge explorers, and
active learners.

provided a platform to mediate
the peer collaborative learning
and to connect the students with
teachers, peers and experts
outside of the school.
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CNO10:
Chinese punctuation

This pedagogical practice was implemented in the Chinese curriculum of a
primary school grade 6 and the goal was to use software designed at the
University of Hong Kong for learning Chinese punctuation. This innovation
was part of a government-funded initiative to allow more schools to take
advantage of the R&D outcomes of the universities to enhance learning and
teaching. Three teachers from the school were involved in this innovation and
they had access to support from a consultant from the University of Hong
Kong.

Teachers used the specially
designed Chinese punctuation
software as demonstration
(tutorial) software in classrooms
as well as drill and practice
software for students.

CNO11:

The study trip to Shun
Tak in mainland China

This innovation was an extracurricular activity organized by teachers of the
economics subject for 25 Secondary 3 and 4 (grades 9 and 10) students. Six
teachers were involved in this practice. The goals of the trip were to enhance
students’ understanding of the economic development of Hong Kong and
mainland China, to promote exchange of ideas between students in both
places, and to gain insights into the world of running a business. Students
worked collaboratively on investigating problems related to the economic
development in Hong Kong and Shun Tak, a medium-sized, fast-developing
town in the vicinity of Hong Kong.

ICT acted as tools of information
search, presentation and
documentation in this project.

CNoO12:

Project-based model
building in physics

Two physics teachers, one laboratory technician, and 35 Secondary 6 (grade
12) students were involved in this innovation. It aimed to provide students with
an opportunity to engage in scientific investigations and to develop an
understanding of scientific theories as models. In this pedagogical practice,
students worked collaboratively to design and conduct experiments related to
particular curriculum content and to verifying mathematical models embedded
in the scientific theories. Teachers acted as advisors and project managers,
whereas students took an active part in generating questions, designing the
experiments and drawing conclusion from their investigations.

Data logging equipment and data
analysis tools were used to
support scientific investigations,
modeling software was used to
support theory building and
theory exploration, and e-mail
and instant messaging were used
to support communication and
collaborative learning among
students and teachers. Teachers
and students used ICT also for
presentations.
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Abstract: The study reported here is a secondary analysis of data collected in 10 schools as
part of Israel’s participation in two international studies: IEA’s SITES Module 2, focusing on
innovative pedagogical practices at the classroom level, and the OECD/CERI case studies of
ICT and organizational innovation, focusing on ICT-related innovations at the school system
level. We identify and analyze two patterns of ICT-based curricular innovations: “islands of
innovation” and “school-wide implementations.” In the analysis of both patterns we focus on
(a) the levels and domains of innovation reached in schools; (b) the communication agents
and school variables affecting the diffusion of the innovation; and (c) the role of internal and
external factors affecting the diffusion of the innovation. In the discussion we elaborate the
potential value of sustainable islands of innovation models as agents of innovation, and the
similarities and differences between both patterns of ICT implementation in schools.

Keywords: ICT in education, diffusion of innovation, island of innovation, school-wide
implementation.

INTRODUCTION

Although conceptual and planning work related to the implementation of information and
communication technologies (ICTs) in schools goes back in history to the early 1980s
(Pogrow, 1983), an increased emphasis on the holistic incorporation of the technology into
educational systems began during the 1990s. Since then, significant national efforts have been
made in many countries to plan this implementation and to allocate the required government
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funds (Hoffman, 2002). As a result, in the last decade an increasing number of countries have
been promoting, as explicit national policies, the incorporation of ICTs into their educational
systems: installing computer networks in schools, connecting these to the Internet, and
training ICT-oriented teachers (Venezky & Davis, 2002). Special attention has been granted
to the process of diffusion of innovative ICT practices in all aspects of school life, including
the curriculum, and the teaching and learning processes.

Theories dealing with the diffusion of innovations have been developed in different fields
such as economics, business studies, and marketing, in an effort to identify factors affecting
the release and marketing of new products (Amendola & Gaffard, 1988). So far most attempts
to apply diffusion of innovation theories to education have focused mainly on higher
education (Bennett & Bennett, 2003; Macchiusi & Trinidad, 2001), on teachers (Atkins &
Vasu, 2000), and on nationwide diffusion of innovation processes (Porter, 2000). Attempts to
apply these theories for examining ICT implementation at the elementary and secondary
school levels are scarce.

Diffusion of innovative pedagogical practices using ICT in schools is the focus of this
paper, in which we examine data collected for IEA’s SITES (Second Information Technology
in Education Study) Module 2 international study of innovative pedagogical practices using
ICT (International Association for the Evaluation of Educational Achievement [IEA], n.d.;
see also, Kankaanranta, 2005, this issue). The international research included participants
from over 30 countries, including Israel. This article reports on a secondary analysis of the
data and is part of a series of papers dealing with ICT-based innovations in 10 Israeli schools
which participated in the international study (Mioduser, Nachmias, Tubin, & Forkosh-Baruch,
2003; Nachmias, Mioduser, Tubin, Cohen, & Forkosh-Baruch, 2004; Tubin, Mioduser,
Nachmias, & Forkosh-Baruch, 2003).

The Organization for Economic Co-operation and Development [OECD] study (Venezky
& Davis, 2002), which was conducted by the Centre for Educational Research and Innovation
(CERI), concentrated on case studies as well. Its goal was to analyze how ICT relates to
educational innovation; the rise of ICT in education was central to the study. The case studies
explored a relationship between successful implementation of educational innovation and
successful use of ICT, particularly the school as a social organization: dynamics, conditions,
and processes of change. The innovations of interest were those that took place at a school
level, with relation to students, teachers, the school organization, or administration.

An interesting finding of our previous analyses (Tubin et al., 2003) was the identification
of different scopes and patterns in the diffusion process of ICT-based innovations within the
schools. We observed two main patterns: “islands of innovation,” in which innovative
pedagogical practices included about 15% of the teacher and/or student populations; and
“school-wide innovations,” involving 50% or more of the teacher and/or student populations.
In this paper we take a step further, analyzing the characteristics of both ICT-implementation
patterns and elaborating on these characteristics by means of Rogers’ (1995) diffusion of
innovation theory. We believe that studying the different diffusion-of-innovation patterns
within schools will improve our understanding of the implementation processes of ICT-based
innovations and their transferability and scalability, and may provide useful information to
policymakers in this field.
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BACKGROUND

In recent years major steps were taken in many countries to supply schools with an ICT
infrastructure (Pelgrum & Anderson, 1999), in the hope that technology will support
innovative pedagogies and improve the teaching and learning processes. However, one of the
main difficulties concerning the diffusion of innovative ICT-based practices in schools is
finding ways to engage teachers and students in using the new technologies effectively
(Dodgson & Bessant, 1996).

Rogers (1995) describes diffusion of innovation as the process by which an innovation is
communicated through certain channels, over time, and among the members of a social
system. Below we will briefly elaborate the key components of the definition, that is,
innovation, communication agents, time frame, and social system.

Innovation

Innovation is not a clearly defined concept (Bamberger, 1991), and educational innovation
using ICT is even more complex. ICT, when implemented in a school, is perceived as
innovative per se, regardless of the content addressed in its use (e.g., a skill or a concept), its
function (e.g., part of a learning task or a communication tool), or its application scope (e.g.,
school-wide or limited to a class or small group). In this study, following the definitions
adopted by the IEA international research group, ICT-supported innovations are defined as
pedagogical solutions and means supporting a shift from traditional educational paradigms
towards emerging pedagogical approaches based on our current understanding of learning,
such as fostering learner-centered and constructivist processes, and the acquisition of lifelong
learning skills (Pelgrum, Brummelhuis, Collis, Plomp, & Janssen, 1997; Mioduser et al.,
2003). These skills may include the planning of one’s own learning, self-assessment of
learning processes and outcomes, making decisions as to whether and when to act as an active
or passive learner, adapting to changes in learning settings, applying collaborative skills, or
integrating knowledge from different disciplines using different learning strategies for
different situations (Knapper & Cropley, 2000). To conclude, an innovation is much more
than a technical development, but rather a qualitative educational shift towards a new
paradigm as a result of an ongoing process (Mioduser, 2005)

Rogers (1995) refers to three main types of innovations. Continuous innovation reflects a
gradual change or improvement of an already existing product, even if the adopters use it in
the same fashion as before; dynamically continuous innovation implies either creation of a
new product or a radical change to an existing one, which in turn alters its diffusion patterns;
and discontinuous innovation, a new and innovative product which brings total change to
consumers’ acquisition and usage practices.

The above classing is compatible with the three-level scale we defined in the analysis
framework we developed for studying innovative ICT-based pedagogies in Israeli schools
participating in SITES M2 (Mioduser et al., 2003). The three levels of innovation we defined
were assimilation, transition and transformation. At the assimilation level, specific
pedagogical conditions undergo qualitative change, but the school curriculum as a whole
(e.g., content and goals), the instructional means (e.g., textbooks), the learning environment
(e.g., classrooms, labs), and the learning organization (e.g., timetable) remain unchanged. At
the transition level, ICT supports the integration, within the school’s everyday functioning, of
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new contents, didactic solutions, and organizational solutions side-by-side with the traditional
ones. At the transformation level, substantive changes take place in the school system as a
whole. Traditional processes still exist, but the school identity is mainly defined by the
rationale and goals of new approaches and lines of operation; student and teacher roles are
enriched with new dimensions; new contents are introduced to the curriculum; new teaching
methods are developed and implemented; and, for particular activities, the traditional time and
space configuration are transformed.

Overall, research findings from different international and national studies show that
schools using ICT are mainly at the assimilation or transitional levels. However, many
examples can be found of particular agents at the school level who put in time, effort and
creative thinking into coping with the complex task of implementing ICT in transformational
pedagogical ways (Mioduser, 2005; Mioduser & Nachmias, 2002; Pelgrum & Anderson, 1999).

Communication Agents and Adoption Time Frame

Diffusion of innovations takes place not only through general or formal communication
channels (e.g., mass media), but also—and perhaps mainly—through interpersonal
communication. The information flow in this communication mode is marked by processes
such as knowledge transactions among individuals, leaders’ influence, or peer pressure. The
diffusion process at this level is time consuming. And, according to Rogers (1995), the
adopter of the innovation goes through a five-stage process: awareness, interest, evaluation,
trial, and adoption.

Two factors affect communication or diffusion paths of ICT-based innovations in
schools: key function-holders within the school and the school background. In most schools,
it seems that people such as the principal, the computer coordinator, and computer experts
serve as opinion leaders who mediate between the new technology and the teachers, and
promote the diffusion of the innovation (Cuban, 2002). Also, school background factors, such
as school size, school level (elementary, high school), location within the country (central,
periphery), or settlement type (urban, rural settlement, such as a kibbutz), affect processes
such as interpersonal communication, solidarity among teachers, or the effectiveness of peer
pressure. This in turn affects the way the innovation is communicated, adopted, and shared by
the teachers, and the time frame for the diffusion process.

Social System Factors Affecting the Diffusion of the Innovation

Social system refers to the group or groups of people among whom an innovation diffuses
within their settings (Rogers, 1995). Research on educational change addresses many factors
associated with the social systems that are involved in the diffusion of a pedagogical
innovation (Datnow & Stringfield, 2000; Fullan, 2001; Kinsler & Gamble, 2002; Tyack &
Cuban, 1995). These can be classed into two main categories: internal and external factors.
Internal factors are located within the school and include, for example, the principal, teachers,
computer coordinator, but also the school’s vision and history, teacher training, and ICT
infrastructure and maintenance. External factors reside outside the school boundaries, and
include the government, municipality, parents, experts, intervening organizations, as well as
national and regional policy and finance (Nachmias et al., 2004). This distinction is vital to
the question of whether the school can generate innovations based on its internal resources by
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changing their use and purpose (reengineering) or changes in decision-making policies
(restructuring), if systemic external action is required (Papagiannis, Easton & Owens, 1998).
Emphasis on factors within the school is based on the assumption that the main barriers
to change are existing thinking patterns and human behavior; therefore conceptual change
among school staff members is the first step required towards organizational learning and
innovation adoption (Argyris & Schon, 1996; Sizer, 1992). In contrast, emphasis on factors
outside the school stresses the role of decision makers and top-down processes (e.g.,
placement of students, allocation of resources) as vital to any change taking place at the
school level (Papagiannis et al., 1998; Tyack & Cuban, 1995). Cuban (2002) claims that both
groups of factors are necessary for ICT-based innovation to diffuse into and improve the schools.

Research Questions

Our research objective was to examine the differences between two patterns of ICT
implementation in schools: islands of innovation and school-wide implementation. According
to the diffusion of innovation theoretical considerations presented above, our secondary
analysis of the data collected in the Israeli schools addresses three main questions:
o What levels of innovation were observed in schools in each of the implementation-
pattern groups?
e What communication agents and school variables affect the diffusion of the
innovation in schools in each of the implementation-pattern groups?
e How do internal and external factors affect the diffusion of the innovation in schools
in each of the implementation-pattern groups?

METHOD

The study this paper reports on was based on qualitative methods for data collection, and
included the examination of 10 Israeli cases studies in which successful ICT implementation
occurred. Our goal was to reach a comprehensive understanding of the ICT-based-innovations
diffusion process (Stake, 2000). The selection of schools was based on indicators such as
meaningful use of ICT, changes in teacher and student roles, curricular changes and evidence
of sustainability, scalability and transferability (Kozma, 2000; OECD/CERI, 2000).

The research population included two elementary schools, one lower secondary school,
three high schools and four six-year secondary schools. The schools were chosen by a
steering committee based on the SITES M2 international and local indicators of innovative
pedagogical practices using technology (see Tubin et al., 2003).

Data collection tools for each school included questionnaires and interviews (with the
principal, computer coordinator, teachers involved in the innovation, teachers not involved in
the innovation, student focus groups, parent focus groups, agents external to the school), class
observations, and documentation related to the ICT-based innovation. The study was
conducted between February and July 2001. Researchers spent a 5-day period in each of the
schools. All raw materials were transcribed and uploaded, in addition to the final Hebrew
reports and documentation, to the research website (Tel-Aviv University, n.d.), as were the
final school research reports in English (IEA, n.d.).
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After the main data analysis process, done according to the international study criteria
and procedures (see Kozma, 2003), a secondary analysis was done on the data from the 10
participating Israeli schools. This analysis is reported in this current paper. Two analysis tools
were applied to assess both the levels and domains of innovation in each school (Mioduser et
al., 2003) and the factors—internal and external—involved in the innovation implementation
(Nachmias et al., 2004).

The dimensions of the levels-and-domains-of-innovation schema are defined by two axes.
The horizontal axis represents levels of innovation, ranging from preliminary alterations of
the school routine due to the initial assimilation of ICT to far-reaching transformations of
pedagogical practices and learning processes. Three main levels were defined, as briefly
mentioned in the Background section: assimilation, transition and transformation. The vertical
axis details domains of innovation, focusing on four main constituents of the school milieu:
time/space configurations, students, teachers, and the curriculum.

The levels of internal and external factors affecting the innovation were rated according
to the analysis framework detailed in Nachmias et al. (2004). The framework is composed of
two axes: the vertical axis presents 21 factors gathered within 7 categories (roles within the
school, roles outside the school, organization of learning, organizational climate, staff training
and development, infrastructure and resources, and ICT policy); the horizontal axis indicates
the intensity of the factors’ influence in a five-level scale, (1 being the lowest and 5 being the
highest). All data were evaluated by two independent judges using the above tools and
reaching an agreement rate of 83%.

Finally, all schools were classified according to one of two diffusion-of-innovation
patterns: island-of-innovation schools (Iol), in which the innovation engaged only a specific
group of students and/or teachers, or school-wide implementation schools (SW), in which
most of the school’s student and/or teacher populations were involved. The description of the
content and scope of the innovations implemented in the participating schools is presented in
Table 1. In schools comprising the Iol group, 4% to 14% of the students and 2% to 28% of
the teachers were involved in the activities. In SW schools, 64% to 100% of the students and
27% to 100% of the teachers were involved.

A note should be made about the research limitation. The 10 schools were not intended to
be a representative sample of schools in Israel. Rather, they were chosen as remarkable
examples of successful ICT implementation in innovative pedagogies. This sample is
obviously insufficient if the objective is to yield significant statistical conclusions. However,
as the selected schools are similar in nature to most schools in Israel, the results can shed light
on similar patterns and processes in the other schools by way of “naturalistic generalizations”
(Stake, 1997).

RESULTS

This section presents the results with reference to the three research questions. The first
question was: What levels of innovation were observed (in schools) in each of the
implementation-pattern groups?

Data presented in Table 2 describe the levels of innovation in each domain for schools in
both groups of diffusion patterns. Given our specific theoretical framework, higher levels of
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Table 1. Nature and scope of innovations implementing ICT in 2 diffusion patterns:

“islands of innovation” and “school wide implementation.”

%

%

Innovation Title Description of Innovation students  teachers
involved involved
Islands of innovation
Com A group of 40 students out of 630 serves as computer
puter . . .
trustees trustees, supporting teachers during If_assons,_ running the 6% 28Y%
(o] (o]
IL002 school ICT s_upport center, and coaching senior citizens as
well as special education students.
40 students out of 660 in the radio and communications
Computerized division study towards their matriculations theoretical as
radio station well as practical issues relating to mass communications, 6% 4%
ILO06 print and broadcast media, operate a computerized studio
and prepare reports and broadcasts.
175 students out of 1,250 study in the excellence center,
Excellence simulating surroundings within a hi-tech factory, aiming to
center create a connection between education and industry: 14% 8%
ILO09 students get acquainted with the hi-tech world, while
industrialists connect to educational practice.
60 students out of 1,400 use the Internet as a lever for
Peace network facilitating tolerance, the changing of prejudice, bonding 49% 6%
ILO10 with peers from the Arab culture and improving of English ° °
as a foreign language.
70 students out of 800 use the computerized greenhouse
Computerized as a site for planning and carrying out projects in biology,
greenhouse technology, ecology and engineering, some of which are 9% 2%
ILO15 matriculation subjects. The greenhouse is connected to
research institutions, and experts coach the students.
School wide implementation
Computerized All 623 students participate in ICT projects accompanied
projects: by Web sites, as a lever for developing learning 100% 50%
“Beehive” communities in subject matters such as literacy, ° °
ILOO1 geography, science, mathematics, history and technology.
All 1,000 students implement ICT as a means of
ICT-rich future developing independent learning skills, adjusting to
school different learning styles, applying a variety of fields of 100% 100%
ILOO3 interests, raising motivation and strengthening bonds with
parents.
800 students out of 1,250 implement Web-based learning
Website story in educational websites developed by teachers and 649 50%
ILOO7 students in over 20 subject matters, according to curricular ? ?
needs.
“AviV” Vi All 1,260 students are exposed, during their studies, to
viv” virtual . : . ;
innovative ICT use, develop computer literacy, and interact o o
school . . . . L . 100%  35%
with experts in project-based distant learning in a virtual
ILOO8
school.
Virtual learning All 380 students develop independent learning skills by
space: man & inquiry projects related to school geographical 100%  27%

environment
ILO13

surroundings, accompanied by a virtual learning space
developed mainly by the students.
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Table 2. Levels of innovation in 10 Israeli initiatives implementing ICT by domains and diffusion patterns.

Time & space configuration ~ Students Teachers Curriculum

Physical Digital Time  Student Teacher Teacher- Content Didactic  Assess. Innovation
School space space role student*  teacher** solutions methods  average
Islands of innovation
1L002 1 2 3 3 3 1 2 2 1 2.0
1LO06 2 4 4 4 4 2 4 3 4 3.4
I1L009 3 4 3 4 4 3 5 3 4 3.7
ILO10 1 3 4 3 4 3 4 3 1 2.9
ILO15 5 5 5 5 5 2 5 5 5 47
gfe’?:égs 2.4 3.6 3.8 3.8 4.0 22 4.0 3.2 3.0 3.3
School-wide implementation
1LO01 3 3 1 2 3 3 3 3 3 2.7
1L0O03 3 4 4 3 5 5 4 4 4.1
ILO07 2 4 3 4 3 3 2 3 3 3.0
1L008 1 3 1 2 2 3 3 2 3 2.2
ILO13 3 5 5 4 5 4 5 5 4 4.4
g\f’é‘::g; 2.8 36 28 3.2 3.2 36 36 3.4 34 3.3
Difference -0.4 0.0 1.0 0.6 0.8 -1.4 0.4 -0.2 -0.4 0.0

* Teacher-student means the teachers’ role, decisions and performance in their interaction with students,
ranging from main source of leadership to the level of expert colleague and partner.

** Teacher-teacher means the teachers’ role, decisions and performance in their interaction with fellow teachers.

innovation could be expected in Iol schools. In these schools, the activity is generated and
implemented by a specific group of highly motivated students and teachers, a factor that has
the potential to facilitate and accelerate the innovation adoption process. The findings,
however, show that the average level of innovation for all domains in both groups of schools
was identical, putting all schools at the transition level on our scale.

However, a closer look at the different domains reveals interesting differences. In Iol
schools, learning time and scheduling were defined more flexibly and teacher-student
relationships were more open and equal than in the SW schools. The relatively small number
of participants and the exterritorial nature of some of the projects enabled flexibility of time in
Iol projects, as opposed to SW implementations, which were normally embedded within the
school timetable.

In regard to changes in teachers’ roles and functioning, the findings indicate different
processes for teacher-peers and teacher-students interactions. In SW schools, the nature of
teachers’ interactions with their peers changed to a large extent, stressing collaborative work
and creativity aimed at advancing the implementation of the innovation. Often, changes in
teachers’ roles were supported (and demanded) by the very school policies that promoted the
implementation of the innovation. In Iol projects, however, in which teacher-student
partnerships were a driving force in the innovation implementation, a sense of confidence and
mutual commitment to the task enabled the emergence of strong and non-mediated tutor-tutee
relationships (often including the switching of roles between them). In this domain, most lol
schools reached the transformation level of innovation. A clear trend showing changes in
students’ roles in these schools logically complements the image that stresses the Iol’s nature
as student-centered, process-oriented, and learning-by-doing pedagogical solutions.
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Table 3. Means, standard deviations and variances of levels of innovation by domains and
diffusion patterns of 10 Israeli initiatives using ICT.

Physical Digital . Student  Teacher/ Teacher/ Didactic Assess.
Time Content

School space space role student  teacher solutions  methods

Islands of innovation

Mean 24 3.6 3.8 3.8 4.0 22 4.0 3.2 3.0
Std. dev. 1.67 1.14 .83 .83 .70 .83 1.22 1.09 1.87
Variance 2.80 1.30 .70 .70 .50 .70 1.50 1.20 3.50
School-wide implementation

Mean 2.8 3.6 2.8 3.2 3.2 3.6 3.6 34 34
Std. dev. 1.48 .89 1.78 1.09 1.09 .89 1.34 1.14 .54
Variance 2.20 .80 3.20 1.20 1.20 .80 1.80 1.30 .30

The variance in the level of innovation within the domains for both diffusion patterns of
innovation is presented in Table 3. A domain in which low variance was observed in both
patterns of implementation was that of teacher relationship patterns with fellow teachers. In
contrast, the domain of assessment methods varies from 1 to 5 in Iol projects (SD=3.5), but
only from 3 to 4 in SW implementation (SD=.3), whereas the difference between the means is
small. Another domain that displayed a difference between variances was the flexibility of
time: in Iol projects the mean score was high (A=3.8) and the variance was low (SD=.70),
while in SW implementations the mean score was lower altogether, but the variance was
much higher (SD=3.2).

The second research question posed was: What communication agents and school
variables affect the diffusion of innovation (in schools) in each implementation-pattern
group? The analysis of the innovations in the participating schools focused on the initiating
agent, on the duration of the innovation, and on several school variables (such as, size,
location, grade levels) that may affect diffusion patterns. The results are shown in Table 4.
Preliminary assumptions could be that certain configurations of the above variables might
lead to the emergence of either Iol or SW diffusion patterns. For example, it can be
hypothesized that in schools where the principal is the initiator of the innovation, where the
small size of the school facilitates peer cohesion and mutual influence, and the innovation has
been sustainable for a long period of time, school-wide innovation implementation is more
likely to occur. Overall, data in Table 4 indicate no noticeable differences between diffusion
patterns for most variables.

However, two issues deserve to be mentioned. In SW schools the principal takes a more
predominant role in initiating the innovation and the diffusion process than in Iol schools,
where leaders (teacher, computer coordinator) normally took the initiative. Also, the duration
of the innovation is slightly longer in Iol schools (including the exceptional Greenhouse
Project running since 1985; see Table 1). These findings indicate the pioneering nature of
Iols: highly motivated soloists succeeded in initiating innovative processes several years ago,
within a context (school culture, peer and principal perceptions), not yet certain of the
emerging technologies’ potential for teaching and learning. Several of these initiatives still
persist as Iols and have not grown into larger school-wide initiatives due to scalability or
sustainability objective constraints (e.g., the Greenhouse or the Excellence Center).

210



Islands of Innovation

Table 4. Communication agents and school variables that affect initiatives implementing ICT in Israeli schools
by two diffusion patterns: “islands of innovation” and “school wide implementation.”

School Innovation Size Location  Settlement School- Innovation
initiator (student type level initiated
body)

Islands of innovation

ILO02 Leader 630 Center Urban Lower 1998
secondary

IL006 Principal 660 Center Urban 6-year 1998
secondary

IL009 Principal 1,250  Periphery  Urban 6-year 1997
secondary

IL010 Leader 1,400  Center Urban Higher 1996
secondary

ILO15 Leader 800 Periphery Rural 6-year 1985
secondary

School-wide implementation

ILOO1 Principal 623 Center Urban Elementary 1998

ILOO3 Principal 1,000 Center Urban Elementary 1995

IL007 Leader 800  Center  Urban Higher 1998
secondary

IL008 Principal + 4 569 periphery  Urban 6-year 1997

Leader secondary
o , 6-year
ILO13 Principal 380 Periphery Rural secondary 1999

The final research question was: How do school internal and external factors affect the
diffusion of the innovation in each implementation-pattern group?

Overall, the intensity of the internal factors was higher in the SW implementation pattern.
The highest values were detected with regard to the effect of the principal, ICT coordinator,
leading teachers, school’s vision, and a history of innovations in school. The configuration of
all the above factors at high intensity levels suggests that there is a need for a systemic
predisposition of the school, including its vision and past experience in implementing
innovations, for SWs to emerge and be successfully adopted. In contrast, these are not
necessary factors for lols to exist over time as sustainable realities. Table 5 presents the
intensity-levels of the internal and external factors on a scale of 1 (low intensity) to 5 (high intensity).

Accessibility of training is a factor present at a more intense level in SW schools than in
Iols. What this finding signifies is that SW implementations demand the creation of formal
and systematic channels for information flow and diffusion of the innovation-related
conceptual and operational knowledge and practice. Iol initiatives depend less on formal
training and communication procedures, as described by a 16-year-old student in charge of
the hardware at the Greenhouse: “Here I study things that I wouldn't have studied at home or
at school.... I wouldn't have known anything about operating computer systems, about what
to do when a computer stops working.... When I came here there were four students older
than me, and they taught me all this, and now I'm teaching the younger ones.”
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Table 5. Intensity of external and internal factors involved in the innovations by two types of diffusion patterns:
“islands of innovation” and “school-wide implementation.”

Factor S_chool-vyide _Islands_ of Gap
innovation innovation
Ministry of Education 3.4 2.8 0.6
Municipalities 3.0 3.4 -0.4
Parents 2.6 2.0 0.6
External  Intervening factor 3.8 4.2 -0.4
Factors Expert teacher for students 2.8 2.2 0.6
National ICT policy 3.4 3.0 0.4
Local ICT policy 4.2 3.8 0.4
Financing of innovation 3.8 4.4 -0.6
Average 3.4 3.2 0.2
Principal 4.8 3.8 1.0
Teaching staff 3.0 2.0 1.0
ICT coordinator 4.6 3.2 1.4
Leading teachers 4.8 3.8 1.0
Internal History of Innovation 4.8 4.0 0.8
Factors Vision and ICT goals 4.6 2.8 1.8
Relevancy of training 3.8 2.8 1.0
Accessibility of training 4.0 2.8 1.2
Computers and peripherals 4.0 3.4 0.6
Technical support 4.4 4.4 0.0
Average 4.3 3.3 1.0

The intensity of external factors was found to be similar in both diffusion patterns, even
though Iols have more outside-school financing resources, and more support from external
intervening agents. As stated by the founder of the computerized Greenhouse: “The model 1
believe in is to create profitable islands outside the school, by linkage to hi-tech companies or
to investors... because our culture has to have places in which people will want to get
motivated to invent and to achieve the things that are important to them.”

DISCUSSION AND CONCLUSIONS

In this study we examined the differences between two patterns of ICT implementation: islands
of innovation (Iol) and school-wide-implementations (SW). Iols appear to be interesting
innovational configurations within schools, if they prove to be sustainable (as in the cases we
studied) rather than short-lived episodes. They are specific in terms of their goals and functions,
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the conditions required for their development and maintenance, the role configurations among
the participants, and their connection to other processes in the school’s milieu.

The goals and functions of lols are in general ambitious, aiming at depth rather than
extension (e.g., in terms of number of students involved, number of topics covered, and
characteristics of the activities). They are usually initiated and sustained by a leader or small
group of leading figures, facing the challenge of implementing a novel pedagogical solution
or the assimilation of new technologies into teaching and learning processes. Often, these are
sustainable but not scalable, as in the cases of the educational greenhouse or the computerized
radio station (see Table 1). The activities demand long-term learning processes, close and
intense teacher-student interactions, and specific resources that cannot be easily scaled (e.g.,
due to complexity of implementation or costs). In Iols, an evident change in the teachers’ role
and teacher-students relationships was observed. Changes in different aspects of the activities
were observed as well, for instance in content (curricular aspects) or time configuration (e.g.,
not constrained to the school’s regular time slots and even took place beyond school hours),
according to the demands of the activity (e.g., consulting an expert or doing group work).
Finally, factors external to the school were found important to the functioning of Iols, as in
the case of intervening agencies supporting the initiation of activities (e.g., educational R&D
institutions), regional high-tech industries providing both support (e.g., expertise, equipment)
and opportunities for the students to participate in real-life projects, or administrative units in
the educational system structure promoting novel pedagogical initiatives in schools.

In SW implementations, different domain and factor emphases were observed. The
principal’s vision and motivation is of central importance in the innovation, and formal school
policy is the rationale for the large-scale implementation. Involving a considerable number of
teachers, SWs brought a change in the nature of teacher-teacher relationships, based on
collaboration and mutual support needed for coping with the innovation implementation. The
demand for, and the effect of structured teacher training, was also observed. Overall in SWs,
principals and decision makers face the challenge of defining an appropriate balance between
the demands posed by the innovative practices, and the features (e.g., structural, curricular,
human) characterizing the regular functioning of the school.

We will conclude by raising several questions emerging from this study that deserve
further examination. These questions relate mainly to the potential transferability and
scalability of Iols. Are these always cases of strongly situated and specific factor-dependent
activities? It is possible to devise institutional mechanisms for replicating these activities on a
larger scale without losing the essential traits of ol in translation? Is the transition from lols
to SWs a process to be encouraged, a desired institutional-developmental path? What would
be the systemic picture of a school in which SWs and Iols coexist, in terms of the different
school life parameters (e.g., policies, allocation of resources, conflicting time and space
solutions, responses to curricular demands, balance between exceptional vs. standardized
curricular solutions)?

In the analysis of the Israeli case studies displayed in this paper, we presented the features
and traits of two main innovation implementation patterns, including pros, cons and trade-offs
of each pattern. The strengths and potential contribution of SWs, when appropriately
implemented, are evident. But the value and effect of sustainable Iols, as seeds for change
over time (involving at each and every stage a new group of teachers and students), and
models for replication (even partially) by others in school and beyond, represent an intriguing
research issue with theoretical and practical implications as well. We can assume that the
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examination of the whole data set from the SITES M2 along the lines presented in this paper
might produce comprehensive insights on the nature of islands of innovation in schools.
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EXPANDING POSSIBILITIES: PROJECT WORK USING ICT

Ola Erstad
Department of Educational Research
University of Oslo, Norway

Abstract: One of the main findings from the SITES Module 2 study internationally is the
increased use of project work connected to the use of information and communication
technologies (ICTs) in many countries around the world. The Norwegian cases presented in
this article support these findings, showing that when teachers and students use ICT in school
settings, it is most often part of project work. However, there is a need to analyze to a larger
degree the project work using ICT. In this article, project work using ICT is analyzed firstly
by studying the changes in learning environment that the technology represents or as a
catalyst for physical changes in the spaces in schools. Secondly, project work is analyzed by
studying the potential for benefit (affordances) that new technologies might provide for the
students learning activities.

Keywords: Project work, information and communication technologies, ICT, learning
environments, affordances.

INTRODUCTION

Many proclaim that the Western cultural form is in a process of transition, brought about by
the new digital technologies (Castells, 1996; Levy, 1997; Mattelart, 2003). As a cultural
process we are moving towards what the cultural anthropologist Margaret Mead (1970)
describes as a prefigurative cultural form. This implies a shift in learning processes from what
is known through historic and cultural knowledge, where adults brings the knowledge over to
the next generation, towards a situation where the young have gained competence that other
generations do not have, and that turns around the conception of who teaches whom and what
learning is. This is not to say that the teacher will be irrelevant, but how we conceptualize the
learning process and what it means to be educated changes. This, of course, has several
consequences for how we conceive the role of education in a knowledge society, and in the
way we organize schools, their content methodology, and learning activities.

The use of technology in school settings, as such, is not new. As shown by Larry Cuban
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in his book, Teachers and machines: The classroom use of technology since 1920 (1986), the
expectations of new technologies in education have been high since the motion picture film
was invented more than 100 years ago. However, these technologies have had little impact on
the nature of schooling. So what makes things different now? Partly it is related to the
technology itself, in the sense that the digital technologies we use today have a different
impact on our culture in general, and that our conception of learning has changed.

In this article I will highlight two issues. One is the development of learning
environments in schools linked to project work. The other concerns the new possibilities the
new technologies represent for how teachers and students work and how they learn in
pedagogical practices. To discuss these issues I will present data from the Norwegian cases
taking part in the international SITES M2 study (the Second Information Technology in
Education Study Module 2; see Kankaanranta, 2005, this issue). As will be elaborated later in
this article, the SITES M2 study is unique in its scope and perspective involving qualitative
analysis of more than 170 cases in different countries around the world. I will relate to our
analysis of the 11 Norwegian cases taking part in this study.

TECHNOLOGY, SCHOOLING AND INNOVATION

It is easy to get discouraged when we look at the research on school reforms. The research in
Norway shows that many reforms come and go without many changes happening in the
classroom (Telhaug, 1997). Even though this is not true in all instances concerning schools, it
is obvious that schools as organizations and in the way they work have not changed much in
the last 50 years. When we look at the rest of society, it is at the same time obvious that much
has changed in the way we live our lives and the way we work and communicate. Schooling
is lagging behind in the developments in the culture at large.

The school system that was developed more than 100 years ago rose out of the Industrial
Revolution and can be described as a factory model of schooling with an assembly line
instruction. In many ways this is still the model of schooling in our society and how most
people think about learning. Our society, however, has changed drastically in the last 50 years
towards what has been termed “the information society” (Mattelart, 2003), “the knowledge
society” (Bereiter, 2002), “the network society” (Barney, 2004; Castells, 1996) or ‘“the
hypercomplex society” (Qvortrup, 2003). In this context we need to develop alternative
models of schooling that can show us new ways of developing learning and education.

The expectations from the policy level on what impact new technologies will have on
improving and changing schools have been strong in many countries (Pelgrum & Law, 2003).
There has been a naive belief that just getting computers into the classrooms would
revolutionalize schools. So when the results in the last couple of years show that this is not the
case and that the impact of technologies in school settings takes time, policy makers get
restless and they need to adjust their expectations.

Michael Fullan (1993) and others have shown us the complexities involved in school
development and educational change. The message is that, when planning for educational
change, we have to take these complexity issues into consideration. Factors that create
resistance can be grouped into factors that hinder

a) change entering the school culture, such as moral resistance toward the students’

popular culture or skepticism toward technology and technological development;
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b) change developing in schools, related to the confusing objectives of schooling, the fact
that change is not rewarded, the lack of incentives, and the control function of the teacher
in the classroom; and

¢) change spreading in schools, because the communication channels are not working, a
very hierarchical system exists in schools, and there remains unequal access to
technology.

This also relates to the main issue in the Norwegian context at the moment concerning the
scaling up of activities. We have seen for a long time interesting examples of individual
teachers working with one class using a specific technological tool. The issues of complexity
become more important when we talk about changing Norwegian schools in general, and
when technology issues are thought about in all schools and involving the whole school.

One interesting theoretical conception in trying to grasp such challenges is the
developments of activity theory and activity systems done by the Finnish researcher Yrjo
Engestrom in what he calls expansive learning. “Expansive learning is learning what is not yet
there by means of the actions of questioning, modelling and experimentation. Its core is the
collaborative creation of new artefacts and patterns of practice” (Engestrom, Engestrom &
Suntio 2002, p. 216).

Expansive learning in schools implies a holistic approach towards school development.
To change pedagogical practices one has to look into different systems of activity and how
new artifacts like new technologies create both tensions and challenges related to change
processes.

This holistic approach influences also how we discuss and conceptualize innovation. This
has been central in many projects involving new technologies and school development, as
well as in the SITES M2. However, it is not always clear what this implies. Where is
innovation to be found? What do we really mean by this term? And, for whom and in which
context is something defined as innovative?

We also discover the same when we ask teachers and students to define what they view
as innovative in the changes going on. One student sent me the following e-mail:

Hello! I am a student at a pretty normal school. We have a lot of computers and
some other equipment.... We also have study time. We are part of the [xxx]
project.... Study time means that we have to sit with a bunch of assignments to
work on. This is called innovative by the teachers. I call it old fashioned. It is
just the same as it was in primary school, [sic] we almost never get time to work
on the computer, it is just working with books and not directed towards the
Sfuture. You have to do something about this! Best regards... (Student)

Of course, schools have very different points of departure for defining what is innovative.
Some have long experiences with using ICT, while others have very little experience. Some
have much experience with project-based learning while others have less. This has to be taken
into consideration when we discuss changes in learning environments using new technologies.

Innovation processes in schools can be characterized as a “flow of innovations,” with
more than as one single innovation having a specific impact. Change processes are going on
all the time in schools, and some might be said to be more important than others. But the
concept of flow illustrates better the constant influences on schools, teachers, and students.
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This can be seen in the empirical material that I relate in this article. However, according to
Castells and Himanen (2004) and their vision of the “information society,” there is no one
model of innovation in schools.

NATIONAL STRATEGIES ON INNOVATION AND ICT

It is very important to remember that what we do and what we study is part of an ongoing
development in schools, and in the culture as such. In research we often take out fragments of
social practices to study them closer. Often we do not bring in the contextual factors that
explain certain tendencies or give some direction to our analysis of the data.

The year 2005 marks 10 years of strategic development on ICT in the Norwegian
education system. These 10 years can be divided into three main phases. The phases indicate
the overall national agenda involving all Norwegian schools. Of course there have been
innovative teachers that, for some time, have done interesting things with computers.
However, my main interest here is with the contextual factors brought about by the national
agenda for ICT in schools and the scaling up of activities. The three phases are also expressed
in specific action plans from the Ministry of Education (Ministry of Education and Research
1996; 2000; 2004).

The first phase, from 1995 until 1999, was mainly concerned with the implementation of
technologies into Norwegian schools. There was little focus on the pedagogical issues
involved. In the next phase, from 2000 until 2003, the focus was more on whole school
development with ICT and changing learning environments. The phase we have just started,
from 2004 until 2008, puts more emphasis on actual student learning and what learners do
with technology. In addition, “digital literacy” is now included in the national curriculum as
an overall competency area. The data I will present here is focusing on the transition from the
second to the third phase.

One immediate challenge in this has been the balance between top-down and bottom-up
strategies. It’s one thing to have commitment from the Ministry of Education in developing
ICT in Norwegian schools, but another to get schools to use ICT more actively. The latter has
been more difficult, and there have been periods of too much pressure from “the top”
initiating projects without too much happening at “the bottom.” In the last 3 to 4 years, this
has changed in the sense that more schools start activities themselves.

But to give a contextual understanding of the situation of ICT in Norwegian schools at
the moment, I will start by presenting some data from several surveys the Network for IT
Research and Competence in Education (ITU) has done during the last 2 years.

According to the national ITU Monitor (Erstad, Klevstad, Kristiansen & Seby 2005),
conducted by the Network for IT Research and Competence in Education (ITU) at the
University of Oslo every second year, on average there are two students per computer at
upper secondary level and six students per computer at both lower secondary and primary
level. Broadband access to schools has also been steadily improving, even though 65% of
teachers think access to the Internet is too slow.

The majority of schools still have specific computer rooms at the schools, where most of
the computers are placed. There are also computers available in what is called a mediatek,
such as the library or specific labs for training of skills other than the computer room. In the
last 2 years, there has been a gradual shift towards moving more computers into the

219



Erstad

classrooms, making the access better. There is also a tendency for more schools to combine
stationary, portable and handheld computers at school (Erstad, 2004).

One problem in Norway has been that teachers do not use available computers much in
their own teaching. The tendency has been that teachers use computers and the Internet
mainly for preparing their teaching and not actually in the classroom. When we asked the
students how much they use computers in school activities during an average week, 54% say
that it is about 1 hour or less, and 17% say never at all (Erstad, 2004).

Another issue is that students and teachers relate to technology in different ways. When
we asked students and teachers what they use computers for both at school and outside, the
results show that teachers have a more limited usage of ICTs than do their students. The
students often (daily or 2-5 times a week) use ICT for a variety of purposes, like writing,
surfing on the Internet, sending e-mails, chatting, downloading music, playing games, and
making Web pages.

However, for the teachers, almost 90% use ICT for writing, sending e-mail, seeking
information on the Internet, or surfing for entertainment purposes. They almost never use ICT
to download music, chatting or playing games. Teachers use ICT mainly as an extension of
technologies they already know, like the typewriter, calculator, pen and paper, and book.
Young people use the new technologies to seek out new possibilities of use. Teachers often
have negative opinions of such ICT usage, but they speak less out of personal experience and
more out of a general expectation. At the same time we see that many teachers have a positive
attitude towards computers and the impact it might have on students learning (Erstad, 2004).

So we might conclude that teachers have positive attitudes towards new technologies, and
more so now than before. Still, they have less direct experience with the various applications
and possibilities that ICT offers than the students have, and therefore do not include this in
their own teaching.

RE-FRAMING LEARNING ENVIRONMENTS

Traditional learning environments are centered around the teacher and the book for
transmission of information, from one speaker (the teacher) to a group of listeners (the
students). To a lesser extent, we know how to create constructive learning arenas that are
more challenging for the students in their search for knowledge (De Corte, Verschaffel,
Entwistle & van Merriénboer, 2003; Schauble & Glaser, 1996). Several models of transition
from a reproduction model of learning to a production model have been presented. Jonassen
and Land (2000) have indicated, for example, a transition from “instruction” to a “student-
centered learning environment” consisting of many different dimensions. Student-centered
learning environments are designed to support individual efforts to negotiate multiple points
of view, while engaging in authentic activities (McFarlane, 1997). Important assumptions in
these environments are that the learner defines how to proceed based on individual needs and
that learning is highly tuned to the situation in which it takes place. Another important aspect
is that understanding is deepened through exploration, interpretation, and negotiation.
Learning is also knowledge-dependent in the sense that people use current knowledge to
construct new knowledge (Land & Hannafin, 2000).

To conceptualize how we think about learning environments, I refer to the concepts of
“frame” and “framing” from the sociologist Erwin Goffman in his book Frame analysis
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(1974). Goffman makes a distinction between primary frameworks and what he calls
“key/keyings.” The first relates to contextual factors as we experience them, for example,
when we open an umbrella because it starts raining. Key/keyings relate to contexts where we
bring in other contextual factors to support interpretation of the situation, for example,
opening an umbrella on a theater stage when imagining it is raining. I will not go into the
many elaborations that Goffman does of these concepts, but for the discussions in this article
these concepts support a focus on context and learning environments both in a concrete social
setting and our interpretations of such settings. The implementation of new technologies
raises questions of how these technologies might imply what I call a re-framing on both
levels. To re-frame in this sense indicates a change in the concrete setting for learning
activities in schools, as well as how we conceptualize and reflect on the possibilities these
changes in learning environments might have on the students’ learning.

This focus on context and learning environments also relates to the concepts of “practice
field” and “communities of practice” (Barab & Duffy, 2000; Wenger 1998). The first concept
implies a situated practice that is separate from the real field, like the school, but at the same
time relates to the real and is influenced by it. Studying the practice field in schools is
influenced by many factors, like the curriculum, the role of leadership, and school culture.
Communities of practice relate more to the participation part of the learning environment.

[Community does not] imply necessarily co-presence, a well-defined
identifiable group, or socially visible boundaries. It does imply participation in
an activity system about which participants share understandings concerning
what they are doing and what that means in their lives and for their

communities. (Lave & Wenger, 1991. p. 98)

One challenge in many efforts of developing communities of practice in schools has been
much focus on the contextual setting but less on how “development of self through
participation in a community” (Barab & Duffy, 2000) is taking place. How students develop
in their learning process is something that has to be taken into consideration when we develop
a new framework for learning environments with embedded uses of technologies (Bliss, Séljo
& Light, 1999; Crook, 1999).

AFFORDANCES USING TECHNOLOGY

According to modern learning theories, learning is a mediated process (Wertsch, 1998, 2002).
As James Wertsch writes,

From this perspective, to be human is to use the cultural tools, or mediational
means, that are provided by a particular sociocultural setting. The concrete use

of these cultural tools involves an “irreducible tension” between active agents,
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on the one hand, and items such as computers, maps, and narratives, on the

other. (2002, p. 11)

To consider learning a mediated process implies two simultaneous perspectives. The first
has to do with learning taking place through cultural tools and resources. Subject knowledge,
but also values and traditions, are examples of cultural tools that gain their importance in the
light of historical, institutional, and societal conditions. In modern society, language, texts,
forms of communication, and knowledge are cultural resources for learning. The second
perspective has to do with children and young people transforming such cultural resources as
they put them into use. The activity and learning of children and young people have their point
of departure in forms of communication and knowledge and in the norms and values others
have established for them; however these are adapted and transformed through the activities and
interactions of the children and young people (Faulkner, Littleton & Woodhead, 1998).

I will here follow the Swedish researcher Roger Séljo when he writes about “learning as
the use of tools.” He states,

Learning is always learning to do something with cultural tools (be they
intellectual and/or theoretical). This has the important implication that when
understanding learning we have to consider that the unit that we are studying is
people in action using tools of some kind. The learning is not only inside the

person, but in his or her ability to use a particular set of tools in productive ways

and for particular purposes. (Siljo, 1999, p. 147)

The important aspect is to see actors and artifacts in combination and not as separate
entities. Human development is characterized by interconnections between our knowledge
building and the tools the culture provides to us. This does not mean technological
determinism, that our opportunities are limited to the technological development of our
society. We are ourselves the ones who develop new technological tools, which then give us
new possibilities in different social practices. We then have to study how these new tools
open for us new possibilities and how they represent cultural transformations. According to
Séljo (1999):

Rather than arguing for or against the merits of using information technology in
contexts of learning at a general level, it would seem appropriate to inquire
more precisely into what features of such resources are likely to have an impact
on learning in the diverse range of settings in which people appropriate

knowledge and skills. The issue might not just be one of facilitating teaching

and learning as we conceive of these today. It might also be that what we
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conceive of as learning will be somewhat different when our communicative

practices change. (p. 145)

The concept of affordances, originally drawn from Gibson’s (1979) theory of ecological
psychology, has been important in studying the consequences of new technologies in school-
based learning environments. It implies a focus on the possibilities that new technologies
offer for the students’ learning activities and the teacher practices. Gibson (1979) writes,

An important fact about the affordances of the environment is that they are in
one sense objective, real, and physical, unlike values and meanings, which are
often supposed to be subjective, phenomenal, and mental. But, actually, an
affordance is neither an objective property nor a subjective property; or it is
both if you like. An affordance cuts across the dichotomy of subjective-
objective and helps us to understand its inadequacy. It is equally a fact of the
environment and a fact of behavior. It is both physical and psychical, yet
neither. An affordance points both ways, to the environment and to the

observer. (p. 129)

According to Ryder and Wilson (1996), the notion of affordances embodies the potential
that an object draws from the environment, and the possibilities that the user can generate
from using that object. Therefore, studying the affordances of new technologies in schools
will have to relate both to the environment in schools and the students and teachers as actors
in such environments. The challenge is to specify the actual consequences of such an
interaction between environment and the subject concerning knowledge building
(Hakkarainen, Palonen, Paavola, & Lehtinen, 2004).

THE CHALLENGE OF PROJECT WORK

One of the main findings of the international SITES project is that project-based learning is
defined as one of the main innovations taking place in the participating countries (Kozma,
2003). There is a need to challenge this finding, at least within a Norwegian context.

In the national curriculum of 1997 (Ministry of Education and Research, 1997), project
work and project-based learning became a basic methodological approach in all Norwegian
schools. Group work and students’ active participation have been on the educational agenda
since the 1930s. However, it is only since the mid-1980s that project work as a method in
schools started to become common. We have some schools that have been totally project-
based year round since the mid-1970s. As an educational practice, project work is often
described in relation to students’ activity, group work, and making specific products
(Berthelsen, Illeris, & Clod Poulsen, 1987; Rasmussen, 2005). Its focus is on the students
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themselves formulating problem statements, finding approaches to work on the problem,
collaborating, and presenting. There has been a continuous debate about the roles of the
teacher and students, on content, and on the best evaluation procedures to use. The idea is that
the students will be more motivated to learn and will create more flexibility in the learning
process. “Working on real problems” is defined as more essential for learning than subject-
matter content itself.

We also see from our national surveys that both teachers and students report that when
ICT is used in schools, it is mainly as part of a project they are working on for a couple of
weeks (Klovstad & Kristiansen, 2004).

In recent years different research projects have raised critical remarks towards the use of
project work in many schools, especially from a discourse analytical perspective (Postholm,
Pettersson, Gudmundsdottir, & Flem, 2004). The Norwegian research groups working on this
issue show that what is going on in project work in schools is unclear, that the teachers often
give unclear instructions to the students, that the students’ work does not have a clear
direction, and that despite the many activities going on no specific indication of knowledge
building among the students can be measured (Klette, 2003).

The SITES M2 study focuses mainly on factors that influence the framework for
integrating and using computers in schools, and not on the learning outcome as such. In light
of what has been mentioned above, there is a need to analyze the possibilities that new
technologies might have on the framework for learning and the stimulation of learning
activities in schools and, at the same time, to make critical judgments of project work using
ICT, since this is one of the main findings in the SITES M2 study.

INNOVATIONS IN THE MAKING — CASE ANALYSIS

The methodological approach used below is mainly based on a qualitative data analysis,
primarily from the case material as part of the SITES M2 study. Norway participated with 11
cases in this study. The unit of analysis has been project activities using ICT. I will present
elements from some of these cases to discuss the research questions mentioned below.

In this article I will concentrate on case studies in Norwegian schools, with a focus on
specific project work activities. Case study research is a challenging methodological approach
(Stake, 1995; Yin, 1989). The strength of such a method is the in-depth qualitative data one
gets. It gives you a rich description of activities and opinions of ongoing processes. For the
SITES M2 research, this methodology was employed and consisted of various methods of
data collection (document analysis, questionnaire, interviews, and classroom observations). I
will only refer to the interview and observation data in this article.

The SITES M2 research is a unique international study in its qualitative approach. On a
national level it first of all gives us a richness in description about ICT in pedagogical
practices. It also represents a systematic way of analyzing a broad range of different cases.

I will structure the presentation according to two main research questions: (a) What
characterizes changes in the learning environments through the use of ICTs? and (b) What are
the affordances offered by ICTs as part of project work in schools? These will be elaborated
in the points below.
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Learning Environments in Transition

The 11 Norwegian cases in the SITES M2 material represent a wide variety of what has been
called “innovative pedagogical practices using technology” (Kozma, 2003). In matters of
context, the cases range from small schools trying to compensate through the use of
technology for the obstacle of being in remote local communities, to large upper secondary
schools where all the students and teachers have their own laptops.

The cases represent a huge variation and diversity in the way schools define a learning
environment using technologies. It is not simply a matter of the technology being
implemented in a neutral, instrumental way. The contextual factors play an important role in
how changes in the learning environment are taking place.

One characteristic among the schools is that they want to change the way they organize
and manage their learning activities. In their strategic plans they have all stated a general need
for change demanded by the transitions in society and the culture towards a knowledge
society.

A common trait in the way they formulate the changes in the learning environments is the
emphasis put on ICT as a catalyst for change. In the interviews it is clear that the principals
and teachers conceptualize this in different ways. Some report that the issue or debate of new
technologies itself sets off several change processes in the school, or that, by gaining
experience with ICT, they discover and form ideas about how learning might change.

The reasons for using new technologies in these schools are mainly related to the concept
of flexibility. They want to make the learning environment more flexible to create more
variation in the way the learning activities are developed. Several stopped talking about the
classroom and instead started linking space much more to the various kinds of activities that
are going on in different spaces.

Two pictures from schools, as Figure 1 shows, might illustrate the transition from a
traditional learning environment using ICTs towards a flexible learning environment where
the technology blends much more into the learning environment.

Figure 1. Re-framing learning environments.

These illustrations are of two different learning environments using ICT. The one to the left is a traditional
classroom, where computers as placed in a traditional way. The one to the right is from a classroom using
project-based learning and ICT.
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Related to the above is also the important transition from a teacher and book-centered
learning environment towards a student-centered learning environment (Land & Hannafin
2000; Schauble & Glaser 1996). Many use this as a slogan, but do not really change their
practices, or the teachers state that they work much more student-centered, but when we talk
to the students they state that it is more or less the same thing that has traditionally taken place
within the classroom. A student-centered perspective is more a matter of activating the
students more than before.

I will present a few short descriptions of different school settings where ICT has been
embedded in various ways. This in order to exemplify some of the points made above, and
also to show how ICTs expand the learning environment in different ways.

School A: Realizing a Student-active School

This primary school has seven classes and 137 pupils (aged 6-13). The municipality has
invested money to promote a more integrated use of technology in all three schools in the
municipality. This implies 2 to 3 stationary computers in each classroom and better equipped
computer rooms. The overall innovative pedagogical practices at the school are linked to what
they call “a student-active school.” They have stopped using traditional time schedules, the
pupils make their own activity plans, they have started what they call “comfort time” at the
beginning and end of each school day, they have stopped using subject textbooks in several
subjects and are using the Internet as a learning resource instead, and they have created more
flexibility in the way they use available rooms at the school to promote the students’ learning
activities. They have taken part in a European project (Comenius) called “European book,”
where students in different countries all have contributed to writing a book. Another activity
has been called the “Internet as a learning resource in English.” The objective was to let the
students work more actively with different resources to learn English. The teachers had
problems motivating the pupils to learn English and saw this project as a possibility to change
that. They also wanted to strengthen the students’ ability to communicate in English.

School B: Surviving in Remote Areas

This case consists of two very small primary schools in the north of Norway. They are
situated on two small islands. Many schools like these are distributed along the coast of
Norway, with few pupils and teachers at each school. The schools are constantly threatened
with being closed because they are too small. They themselves see a possibility of combining
different technologies and in this way compensate for the obstacles of being small in remote
areas. The headmaster and teacher at one of the schools have been innovative in their use of
the technology to meet the special needs of this school and the pupils. By integrating ICT in
the school they compensate for the lack of teachers, learning materials, and contact with the
outside world. The activity was developed as a collaboration between this school and the
school on a neighboring island. They used a video conferencing system with sound and image
connections between the two schools so that one teacher could teach students on both islands
at the same time, and they used the Internet as a source for information and communicating.
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School C: Students as Knowledge Constructors

This lower secondary school is one of the schools in Norway that has the longest experience
with project orientation and student participation. The school has for several years been
involved in projects using ICT. The school is situated in Trondheim city, in one of the areas
with poor socioeconomic status. The school has about 300 students, with 22% of the students
having a mother tongue other than Norwegian. The objective for the school was to create
engaging learning environments for their students and to have projects that portray social and
cultural issues relevant to the students’ everyday lives. The school opened environments for
the students when they were working on their various projects. The learning environment
contained various resources to stimulate different competencies among the students,
especially in visual communication. This relates to the visual competence of the students and
how they use this competence in relation to ICT and visual manipulation. The iMacs they
used function like a multimedia machine, giving the students different, easy to use, and
flexible tools for their learning activities.

School D: Integrating School and Industry—Students as Consultants

This upper secondary school is situated in the northwestern part of Norway in a small city.
The school is part of a national project focusing on innovation and the use of ICT. The school
has only recently started to change their pedagogical practices towards problem-based
learning and the use of ICT. To break off from a traditional pedagogical learning
environment, they have started activities using the storyline method (Storyline Scotland, n.d.)
as a pedagogical perspective. This approach implies a more holistic view on learning, and
integrating different subject fields. The students created a story about a certain subject,
collected relevant information, and then identified roles and developed a story. The students
created different kinds of products as part of the project. An important part of the process was
the students’ ability to relate this to reality and to evaluate their own perceptions of the
subject. The teachers developed key questions that drove the story and student activities. The
students then elaborated on these questions. The local maritime businesses in the community
were involved in the schools and saw this involvement as a key for the future, in order to keep
young people within the community. For periods during the project, the students were present
in these businesses. ICT was used as a central tool in this process, both for collecting
information and for communicating.

These case descriptions illustrate that there are changes within the learning environments
in all of these schools as a consequence of using ICT. However, at the same time, these
schools are very different in the way they specify their learning environments and how the
new technologies are defined within this environment. Two important factors play a role in
how the learning environment is developed and the new possibilities the technology gives.
One is the importance of the local community, and how the school relates to its surroundings.
Most immediately we see it for the two small schools, and for the school that collaborates
with the local industry. The technology used expands the learning environment from the
traditional classroom setting towards work within different settings that are geographically
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spread out, and also towards “real life” settings at a local company, where students stay and
learn for periods of time.

The other factor important to developing new possibilities is the school culture. From
several of our research projects we see that the schools that succeed in changing their
practices using ICT manage to focus on certain key components of the technology that are
relevant for teachers and students. Both school A and C above can be defined as successful in
this way. The first one had for some time wanted to get the students more actively involved in
their own learning, and new technologies gave them the push for doing this; they were then
able to change the physical look of the school to create more flexibility. In school C, they
focused primarily on the visual tools of the technology they had available, and not as much on
the other possibilities for resources that the computers or the Internet could give them. In this
way they gained experience in using the technology successfully in specific areas and tasks,
which convinced teachers and students of the added value of the technology and also had the
consequence that they started to include other elements of the technology. There are of course
several constraints that affect how this works in different school settings, such as the available
infrastructure, technical support, teacher competence, and so forth. I will not go into this here
since this is outside the scope of this article.

Mediated Actions

The next issue is of course what teachers and students do within these new learning
environments, and how they interpret what is going on. This implies a focus on the activities,
what has been termed “productive interactions” (Littleton & Light, 1999) and the affordances
that new technologies offer students and teachers.

To illustrate how students and teachers use and reflect on their use of ICTs in pedagogical
practices, [ will give a very short description from three projects from different schools and on
various levels. All citations from students, teachers and principals are based on transcriptions
from interviews.

Project A: Creating Their Own Interactive Web Resources

This primary school, situated on a small island, has created its own Web site as an alternative
learning resource for different subjects. The intention of the school’s Web site is to give
students, teachers, and parents a common portal to the Internet. On the Web site they can
arrange teaching instructions and the Web site has links related to subjects and topics. They
also use the Web site to get closer to the local community. When we were observing the class,
they were working on a project about Buddhism in the religion and ethics subject. The
students used a variety of learning resources, the Internet, the Web site they have developed
themselves that they called the “interactive learning resource,” and books from the library.
The students worked in groups of two or three. The goal of the project was to learn about
Buddhism and to foster tolerance of different religions. The students used word processing,
presentation, pictures, a scanner, the Web site, and the Internet. When the teacher did her
planning she did not just focus on the topics in the textbook but rather used the goals in the
curriculum to find relevant links to publish on the Web site. It is not the textbook that directs
the learning process but the goals of the national curriculum. The teacher often started lessons
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with a discussion, talking about problems the students might have in the project. The teacher
prepared the students for the different topics they were going to work on.

The teacher sees her role as one who is available to the students, when needed. The
teacher likes this form of teaching because she sees that the students get involved in the
project. She says, “The students have sincere questions, things they really wonder about.
Because they have questions, they want an answer too; we get a good dialogue. It is not a
question that we have made them answer.”

The teacher spends plenty of time talking with the students, especially when they are
working on the computers. She helps them find relevant material from the Web portal and
different Web sites, and shows them how they can change the text to make it their own and
not just copy directly from the Internet. This sequence of a dialogue between the teacher and a
student shows how she helped the students.

Teacher: You should have double space or bigger fonts. It might be easier to
read.

Student: Like this?

Teacher: This sentence could be changed. Do you have any suggestions?
Student: What about this?

Teacher: Did you read the text before you started to write this summary?
Student: Yes, 1 did. But it is difficult to write it in my own words.

Student: What shall I write? Rites of passage in Buddhism?

Teacher: Or what about....write it down first. If you use quotation marks in
your search, all the words in the sentence are involved in the search. If you
don’t use it, you get too many hits.

Student: That was smart! But there is still a lot of information to choose from.
Teacher: Is there a special rite of passage you are interested in, for example
weddings? Maybe you can search for “Buddhist weddings”?

The questions in the project have various levels of difficulty. While some questions only
need factual answers, which can be found in the book or on the Web site that the teachers have
developed, others require more work with different supplementary means. Examples of
different activities they can work on are making a poster about the Dalai Lama, with some
facts and pictures; finding out if there are Buddhists in Norway; and using different Web sites
to gather information, and writing a few sentences about Buddha; or drawing the outline of
one’s feet and then researching what the foot imprint means for Buddhists.

These formulations by the teacher emphasize an active student who has to work in
different ways to solve the tasks. It seems like the students have a critical mind towards the
use of the Internet and it is no longer as attractive as it was in the beginning. One of the
students points out, “...when you get better at using the Internet, it is no longer as interesting
as it was before.” It seems like most of the students like to work with the Web site, and one of
the students says it makes the teaching more interesting. It is “...boring to just use the library
to gather information. Using the Web site is so much easier and more fun.” Some of the
students also think it is a good opportunity to learn more from a project. As one of the
students says, “You learn twice as much when you are working on a project and at the same
time use ICT. When you use the Internet in a project, you find more material.”
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On the Web site developed by the school, the students can find the goals in the national
curriculum, links to relevant Web sites, tasks, other student’s work, assessment, and yearly
and periodical work programs. Some of the students’ products are published there as well.
Each class has its own area on the school’s server. As the students solve the tasks, they create
hyperlinks between the questions and answers.

An example of other Web sites at the school is the one put together by 10th grade
students on World War II, with texts and photos. Another teacher is working on a Web site
for English: The content will cover the culture, grammar, and literature areas. Teachers are
planning to develop the Web site in religion and ethics area further, and expand the use of the
Internet in general. They would like to replace the regular textbooks to a greater extent. For
this matter they want to develop “theme webs.” The principal sees this as a good opportunity
to give the students other ways to think about knowledge and to create new forms of
knowledge. The teachers involved in developing theme webs will organize them as a timeline,
with portals for different time eras. It will be an interdisciplinary Web site with at least
history, language subjects, and practical arts subjects. The principal thinks this new way of
constructing the different subjects will be more interesting for the students, since they have
the opportunity to use different means of instruction and have access to much more
information. Because of the interdisciplinary approach, she also thinks it will be easier for
them to see the connection between different subjects.

The affordances provided by new technologies in this case are related to the changes in
the way learning resources are defined. By using digital technologies and the Internet,
teachers and students produce these resources themselves. This gives both teachers and
students a more productive role in their activities at school. At this school this has also meant
that they opened up towards the local community to a larger degree than before.

Project B: Interacting with Two Women Crossing the Antarctica on Skis

Differentiation of approaches suited to all students from poor to top performers has been very
important for this lower secondary school. This is the reason why they started what they call
“Go ahead” groups, with project activities for students, as the principal states, “who have
more to go on.” The reason for starting these groups was a feeling that many of the bright
students were not challenged enough. This school does not have a lot of computers: They
have six computers with Internet access installed in the library. In addition, they have a few
computers in the classrooms. On the question of the school’s vision, the principal said,

It relates to being able to use many senses, and to do things and to see that it
works, to learn about another country by reading about it in a book compared
to getting it presented through Internet images and sound and experiences, you
might say, and communication with students in other countries direct through e-
mail and chatting, and all that which now is possible.

It all started in October 1999 when two explorers, Liv Arnesen, a Norwegian, and Ann
Bancroft, an American, presented their ideas for an education program relating to their
Antarctica 2000-2001 expedition (Your Expedition, n.d.). This was presented as a global
activity where schools in different countries could participate. A special database was
developed where anyone could follow the expedition. The activity involved factual
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information about Antarctica, up-to-date information about the progress of the expedition,
some images, and an opportunity to e-mail questions to the explorers during the expedition. In
addition, the school had a special arrangement with one of the explorers, Liv Arnesen, with
whom they had had direct interaction before, during and after the expedition. This was both to
get factual and research-based information, and information of a more personal nature about
the experiences of the two women in Antarctica. Liv Arnesen lives not far from the school so
she was invited for a visit and to talk with teachers and students about the expedition. In
January and February 2000, the school had several Antarctica-related projects integrating
history, science, study of former explorations/expeditions, health, nutrition, pollution and the
ozone, whaling, and weather/meteorology. They also had a specific art and music project to
present some of their findings.

A couple of teachers started a project to follow the two women crossing the Antarctic on
skis while pulling sledges. A group of eight students joined this specific project, with the aim
to create a Web site that would contain different kinds of reports and information gathered by
the students about the expedition and Antarctica. The intention was also to collaborate with a
school in the U.S. on this project. However, after a while it turned out that this school did not
follow up and the Norwegian school had to work on the project alone.

The intention was that the students would have a regular contact with the explorers, both
through e-mail and by satellite telephone. The students had only two telephone interviews
with the women during the expedition. Because of this, the students had to rely more on
information from other sources. One important source was one of the main newspapers in
Norway, which had a special agreement with the expedition organizers to get up-to-date
information. The teachers negotiated with the newspaper to let the students use this
information and the connection with the explorers. The newspaper also posted a link to the
students’ Web site from its Web site.

One important aim was to get the students to evaluate different sources of information
and to handle information themselves for presentation.

What I have stressed a lot during this process is that they have to be clear and
objective with regard to the use of sources, so that what they write is formally
correct and can be backed up. I have included certain journalistic principles
and methods as certain knowledge-based factors in the project. (Teacher)

To be able to critically evaluate sources was something the students themselves had
become aware of, and which was reinforced because real journalists interviewed them. The
students became aware that they have to know the subject they are working on well when
being interviewed, because it was embarrassing to not be able to answer when they were
asked about something. Another aspect was that the students saw how the journalists used the
information from these interviews and how they may have changed the information they got.
A third element was that the students were very eager to present the information on their Web
site in as good as possible form when they knew that everybody could read what they had
written.

One of the teachers expressed his motivations for initiating the project in this way:

I wanted to expand the use of ICT to enable the school to interact with the
world. And I think it is exciting for me personally to work with something that is
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like a small snowball, which begins to roll and get bigger and bigger without
fully knowing where it might end. And then I also see that this focus might be
exciting for the students. They meet people; they make contact with students in
other countries. And in this project there was an opportunity to communicate
via satellite with Antarctica, to follow an expedition as it unfolded, giving the
students front row seats in the arena.

Our observations showed that the students worked mostly by themselves during an early
phase of the project. The girls said that they wrote the information most of the time, and then
the boys worked on putting it on the Net. They used the Internet often to search for relevant
information. Later in the project they worked together more, defining what to use of relevant
information and how to present it.

Girl: In the beginning there were a lot of small disputes among us about what
we were going to put on the Net. To solve it we talked about different solutions.
Boy: It was a lot of fun to go to Dagbladet and be together with the real
Jjournalists.

This last comment refers to the collaboration between the students and the national paper
that covered the expedition. The students visited the journalists working on this and the
journalists also interviewed them. They observed how the on-line newspaper was put
together.

Concerning student outcomes, it can be said that the students gained different kinds of
knowledge during a project such as this. Regarding factual knowledge, several of the students
said that they learned a lot about Antarctica. An important part of the learning process had
been the method by which they gathered information, in the sense that they had been very
active in finding relevant information and evaluating what to use. All the students learned
much about using computers for different purposes.

Student 1: I think it is very exciting to hear how they [the explorers] can get
messages, and also about the technical part, how we can get messages from
them, where they are.

Student 2: You learn that, because a lot the information on the Internet is in
English, and then you have to translate it into Norwegian.

Student 3: Yes and then, where we get information about how far they have
walked, it is given in miles, and then we have to convert it into [Norwegian]
miles.

Student 2: We are also going to make a press release that we are going to give
fo ...

In this conversation the students mentioned several outcomes that illustrate an integrated
view of knowledge acquisition. They practiced English and used mathematics and science in a
realistic way. In addition they gained a different feeling for the process of writing and
expressing themselves by putting different kinds of information on the Internet, by writing
press releases, and so forth. The students also mentioned, concerning learning, that,
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Interviewer: What did you like best with this project?

Student 1: To be in the press.

Student 2: To learn something new.

Interviewer: What new things have you learned?

Student 2: I have learned how to design pages on the Net.

Student 1: I have learned that you should not present things that you might
regret afterwards.

Interviewer: In the press you mean?

Student 1: Yes, it might come out all wrong.

Student 2: We have also learned a lot about Antarctica and the projects of Liv
and Ann, from their Web site. And we have learned a bit about what they do
and why they do it. What their future goal is and such. There is an educational
content connected with it. And it is all about others who can make their dreams
come true even though it sounds hopeless. It is possible.

Student 1: We have learned a lot. We have had visits by Liv, and she told us
about her former expedition. We have made penguins in the snow in the
schoolyard. And we had a day where we wrote a short essay in English about
our dreams, and then we exchanged that with students in other countries. |
now have an e-mail friend in the USA, and then you learn a lot about what
their schools are like and such.

The students produced their own information. For the students, this project also created
some new perspectives on the school as an institution. Commenting on the use of technology
in such a project, these students said in the interview,

Boy: It becomes more fun to be at school. When you split it up a bit more,
instead of having six hours in one stretch, then it becomes easier to get through
the day.

Girl: For some it might be a big shock when they get into the work market,
because you do not sit and make mathematical assignments as such. When we
work on projects you get a better grasp of what is happening in real companies
and such.

Boy: We should get more experience on how it is in real working life.

This way of working, where you change the regular classroom hours, also gives different
students better opportunities, according to the teacher.

Students who have problems with traditional teaching can function much better
when they can work on their own, by having a more continuous way of working.
1 think the most challenging thing for the school from now on will be to reform
the whole structure of the school day where you have 45 minutes and then you
have to change to something completely different in five minutes. I think it is
much better for the students to work for two hours with small breaks when
needed. That they work in intervals better suited to their capacity. A more
flexible school day has to come. And I believe that ICT will contribute in
accomplishing this.
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The main technology used in this project was the creation of a Web site. Additional
activities consisted of collecting information from different sources and presenting it on the
Web site, for the local press and the school. The Web site was created as part of the national
school Internet, and thereby became available to all schools in Norway. The site had about
3,000 visitors per week. For their work on the Web site, the students used Photoshop and
FrontPage 2000. Mainly one PC was used for updating the Web site. They used the Internet to
get access to information and e-mail to stay in contact with the explorers and other students in
and outside of Norway. They used Word and learned a bit about HTML editing and coding. A
couple of the students know quite a bit about programming, even more than the teacher. For
example, they downloaded a video presentation program and also digital programs in order to
edit the interviews with Liv Arnesen, and then posted a link to them on their Web site.
Different kinds of technology have been used in different phases of the project. It started out
with ordinary information retrieval on the Internet about Antarctica. The next step was to
create Web pages about the expedition. On their Web site the students made a digital map
where they plotted, week to week, the route that the explorers took. One teacher mentioned
that he also used SMS messages on the mobile phones to get in touch with the students after
school hours. He sent out SMS messages to the students when the satellite connection with
the explorers was confirmed and then all the students came to the school to participate. In
addition, as a consequence of the project, the students have now also started to use video
conferencing equipment. One example is that a teacher and one student were invited to a
conference in a town in northern Norway. During their presentation they had a synchronous
videoconference with students at their school.

A project as the one described here illustrates how ongoing projects in schools can be
linked to fascinating activities in the outside world, and also how the work of students can
have an impact on the outside world, as in this case with local journalists. The students
worked on authentic problems. The students produced content to a larger degree, published it
for others to read, and collaborated by using the computer.

Project C: Internet Newspaper about South Africa

This upper secondary school has about 620 students between the ages of 16 and 18. It has
about 80 full- and part-time teachers. All students and teachers have their own laptop
computers, and there is a wireless network connecting the whole school. It is interesting to see
what impact this technology project has had on the school’s development in general. The
principal is quite explicit about this, “My impression is that we have worked with the active
student model for almost 15 years, at least 12 in Akershus [the county], and I have never
experienced changes as fast as those that occurred this spring.”

One English language teacher decided to organize a project about an English-speaking
country. At the same time, the school was invited to participate in a competition on creating
school papers, which was organized by a national agency. The teacher was quick to show her
interest in this, stating,

I thought that this might be a very authentic situation, if they could compose a

digital school paper on a specific theme, namely the English-speaking world.
Traditionally we have chosen Canada, South Africa, and India. Now we had to
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choose one. It was really me who chose South Africa and suggested that for the
students. The reason is that so much has happened there now.

It was defined as a 3-week project. The project was organized by a group of seven
student-editors, each with two to three students who acted as journalists. The curriculum
content changed in the sense that the teaching of English became more related to authentic
issues in the world for the students. According to the students, this created more enthusiasm
for working on a subject. The students learned English in a more active way by creating the
content themselves. Throughout the whole project, the students had to speak English. Having
a process-oriented way of writing also created a more active way of learning English. It was
important for the teacher to focus on formulating problems for the students rather than just
stating facts. She said that, “The editorial group and I agreed beforehand that it would be
much better if they wrote an article about Nelson Mandela that they had a problem
formulation they would find an answer to, and that it should not be a listing of facts.”

The teacher also used the computer as support for administering the project. She entered
all the problem formulations and hyperlinks and used a video projector during her
introductory lectures where the problem formulations were presented. Before the project
started, she had found some links she believed would be good for the students. Through the
whole project the students sent comments, questions, and drafts for articles to the teacher and
received answers back. The teacher also put different documents on the school’s intranet so
that the students could download whatever information was there. The teacher studied the
intranet logs the students wrote at the end of every day. She also made suggestions for the
outline of the Web newspaper.

The students were organized like a newspaper staff in order to make it more like real life.
The editorial group consisted of an editor in chief, layout chief, webmaster, two editorial
assistants, and two web assistants. From our observations and the teacher’s interview, it was
clear that two girls were the main initiators and organizers of the editorial group and the group
as a whole. They told people what to do and made sure they delivered on time.

After some introductory lectures by the teacher, the editorial group sat down with the
teacher and brainstormed how to focus their work, based on the suggestions for problem
formulations from the teacher. When they had decided on the process, the teacher put the final
formulations on the intranet. The other students could then choose which themes they wanted
to work on. The editors then negotiated who should write which articles. One of the girls in
the editorial group explained some of the process in the initial phase.

There were some who wanted to write about the same thing. Then we had to ask
them to collaborate in order to write different things, because we do not want
two articles on the same thing. And since our focus is on South Africa then and
now, one could write about then and one about now.

After the assignments were given, students gathered relevant information for their
articles. Most of them used the Internet to search for both written text and images. Many also
used the links the teacher had provided, as well as the library. Some of the students also
started to prepare the layout of the Web paper.
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The editorial group, therefore, functioned as a teacher and organizer of the other students,
which is a new experience for all of them. Working like this also triggered more collaborative
work. One student stated in a interview that,

The way this project is organized is very good. Because then you are not really
alone at any time. You have someone around you all the time; if there is
something you wonder about, there is someone who can help you, but
sometimes it is good to sit and work by yourself too.

The second element was the importance of using laptops and the wireless Net. It made
everything very flexible for the students. They could move around the school and sit
somewhere where others did not interrupt them. Many of the students sat part of the time in
the classroom and at other times in the library. From wherever they chose to sit they could
surf the Net. In the middle of their project work they also had a vacation period. Having their
own laptop implied that they could work on their articles during the vacation. Said one
student, “It is good we have portable PCs because then we can take it with us to the cabin.”

During the project the students could also send e-mails to each other discussing different
things. By relating to the editorial group, the students kept their focus more on the assignment
as compared to when the teacher lectured, maybe because the editors were students
themselves and knew more about the different ways of using the equipment.

In the project work they used FrontPage to develop the Web paper. This was very
motivating to the students working on the newspaper. One aspect was that they could search
for more up-to-date information.

Student 1: We are almost dependent on the Internet. You do not find that much
about South Africa in the encyclopedia.

Student 2: 1 think we are dependent on the PC, that is the technology, when
you do projects like this.

Student 1: You have to filter away whatever is not relevant.

Student 2: I found all I needed.

Student 1: You learn to look for what is relevant.

Through the whole project there was an ongoing discussion among the students about
what is and what is not relevant, and how they should treat the information they find. Some
students also sent e-mails to different institutions for some information; for example, one
student sent an e-mail to the South African embassy and received a lot of information in
return. Another student sent an e-mail request for information to a well-known journalist and
correspondent for the South African region.

Concerning the subject itself, the teacher was not sure that the students got better results
in English by working on a project like this. At the same time, however, she was convinced
that they learned better through being more active. This became obvious because all the
students had to speak English all the time during the project. Moreover, the process-oriented
way of writing English made the language more alive to the students.

By making the Web paper, the students also become aware that newspapers are different
from books.
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What is special is the use of hyperlinks and stuff. You have a main page that
consists of two parts, then and now. So you can click now, and then you enter
another page, and then you probably get a list of many different subjects. With
hyperlinks, you just dig your way inwards instead of just sitting and turning
over the pages. You get a much better overview. (Student)

The teacher also mentioned that working with technology like this made everything look
more professional, and that this was more rewarding for the students. Her conclusion was
that, “Many of the students say that this has been very motivating. Usually they think that
English is boring, but now it has been fun.”

The affordances provided by new technologies in this case are related to communication
possibilities and the information access that the technologies provide. The students are also
producing much more text than before.

From these three case presentations we see that there are many similarities across the
cases, but also huge differences. And, in a way, the differences are more interesting than the
similarities in the sense that they show how contextual factors—the school community and
the local community—play a role in the way new technologies are used in pedagogical
practices.

What all three case presentations show is that there are expanding possibilities in the way
teachers and students work and how they relate to content in specific projects. The biggest
impact of the technology is in how the learning space is made larger in the sense that the
students can reach out of the classroom and work on and with issues in the outside world, and
it creates more flexibility in relation to subject content. The resources to be included in the
learning activities are more varied and stimulate different learning styles among the students.

INNOVATIONS WITH LIMITATIONS

Even though these case presentations are small glimpses of ongoing activities, they show
some important developments in school-based learning. To what extent they can be defined as
innovative is a more open question. Innovation is a relative concept depending on the position
and perspective from which it is defined. The most interesting aspect of these developments is
not if they are innovative or not, but rather evaluating the different developments in schools
where new technologies have become an important part. The differences are often bigger than
the similarities between schools.

In this article my analysis has concentrated on two important aspects of the Norwegian
cases taking part in the SITES M2 study. The first aspect concerns changes in the learning
environment in these schools and the role of ICTs. I have used the term re-framing as an
indication both of changes in the physical space and how activities, tools, and symbolic
systems used can create changes in the conception of space in schools. In Figure 1, we saw an
illustration of changes in technology-rich learning environments—from a traditional computer
room-based model towards a more open space in which computers are integrated in the
classroom activities of the students. The school-based examples mentioned all show how
working with computers changes the learning environment towards more flexibility.
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One school created a more student-active environment, where the computers supported
this development and also made it possible for the school to collaborate with schools in other
European countries. Another school took advantage of the multimodal resources that ICT
gives to support students as knowledge constructors in different ways. A third school case
showed how the technology could support collaboration between two small schools in remote
areas of Norway, and the last case showed how ICT supported collaboration between the
school and local industry, where the students did their project work in both arenas.

Taken together these short case descriptions express genuine changes in learning
environments in schools that represent new possibilities for the learning activities towards
more flexibility. The cases are defined as communities of practice where students and
teachers work together in different ways. The technology used created new ways of
participation in communities of learners breaking off from the traditional classroom. Using
ICT in this way is a new development for all these schools, and the developments often suffer
from technological problems and lack of technical support. The larger schools, in terms of the
number of students, often experience some resistance among the teacher staff. What effect
this resistance has on the use of ICT in these schools depends mainly on the school leader and
how he/she creates a climate for discussing school development using ICT. In Table 1,
different factors that influence the development of learning environments are presented.

The second aspect of our analysis highlighted here concerns how ICT is used in some
concrete learning activities as part of project work. The mediated actions that are going on in
these learning environments are influenced by the tools used. The important question has been
what the affordances of these new technologies might be. In the presentation, three cases were
analyzed. These three represent some important issues also seen in the other cases.

In one of the cases, both teachers and students created interactive Web resources, in
another the students followed and documented an expedition across Antarctica, and in the
third, the students made a Web-based newspaper on South Africa. Some similarities across
the cases are that they all used ICT as part of project work, they were all student centered, and
they all wanted to use the technology to support the students in their explorations and learning
activities. They were also all creating digital resources themselves, taking advantage of the
possibilities given by the technology. They all used the Internet to search for information and
explored the communication possibilities that the technology represented. However, they did
this in very different ways.

In the case where they made their Web resources on the religion and ethics subject, they
started without any expertise in developing such resources. Because of financial difficulties at
the school, they decided to build such expertise among both the teaching staff and the students
to create their own learning resources that could be shared and further developed by other
schools. The students reported that using this resource created more motivation, that the Web
portal contained different kinds of material, and that they had periodic tables for the different
subjects; the aims of the curriculum were more easily available by which to structure and plan
their learning activities accordingly. By both developing and using such a resource, the
students and teachers related directly with their own local community more than before, as a
resource informing their learning activities at school.

The next project explored the communication possibilities of the technologies. They
communicated with two women crossing the Antarctica on skis—before, during and after the
expedition. In addition they searched for information from different sources and developed
their own Web resource documenting the project. Both students and the teacher reported that
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Table 1. Trajectories of innovation related to mechanisms of learning.

No use of ICT Traditional Flexible use of ICT use
classroom use ICT in schools representing new
of ICT learning arenas

Curriculum Prescribed goals, Prescribed goals, Overall goals with Locally adapted
content and content and open content and

methods methods methods

Leadership Not involved in ICT | Some involvement Integrated Breakthrough visions
implementation; no inICT strategies; realistic of development
strategies on ICT implementation; visions of school creating a new

limited strategies on | development with agenda for education
ICT ICT
Learning Traditional Traditional Different rooms with | New ways of
environment | classroom, four classroom and integrated access organizing learning,
walls with rows of computer room with | to ICT; virtual breaking with school
students limited use of ICT arenas as the single
organizing principle,
and using virtual
platforms for
collaboration

Methods One-way One-way Project orientation Dependent on
transmission of transmission of and collaboration. activities and goals,
information and information and Use of ICT in and not predefined
collaboration collaboration with outside of school,

limited use of ICT also virtual.
Differentiated
approach adjusted
to students needs

Content Subject-oriented ICT use supporting | Combination of A wide variety of
books traditional skills; books and different | resources: games,

reading, writing, digital resources, as | simulations, hypertext
numeracy well as self- and multimodal
produced resources

Teacher Active provider and | Active provider and | Different roles Teacher as organizer

roles transmitter of transmitter of related to activities | of environments,
information information knowledge challenger
supplemented by and learner
teacher-organized
use of ICT

Student Passive reproducer | Passive reproducer | Active producers of | Learners with good

roles knowledge, learning strategies
individually and
collaboratively

Knowledge Reproduction Reproduction Production and Based on students

building inquiry-based ideas, knowledge
production and
inquiry

this was a new way of working in the school setting, that the learning activities became more
authentic by relating it to something going on in the world outside of the school, and that the
students experienced more challenges in evaluating different sources and reflecting on them
and their content. By integrating different subject domains in this project work and by using a
broad scope of different technologies the knowledge acquisition and the learning experiences
of the students became more integrated.
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The last case illustrated how students could work as active learners in a multimodal way.
By creating a Web-based newspaper, they worked on process-oriented writing, downloading
and using images, and were supplied with oral information from interviews, film material, or
as explanations by students. The teacher selected South Africa as the theme, and this was
experienced as authentic for the students and the teacher. The students took the role of
newspaper journalists in organizing their own work. The computers made it possible for them
to support each other’s writing process, to search for information from various sources, and to
communicate with different informants. All the time the students had to talk and write in
English. By using ICT in this way, the motivation among the students increased. One
important aspect mentioned in all three cases was the flexibility that ICT offered the learning
activities during such project work, for both students and teachers. Related to Howard
Gardner’s (1983) concept of “multiple intelligences,” these cases also documented how ICTs
stimulate students’ learning competences in different ways.

It is interesting to see that several of our schools do not define project work or project-
based learning itself as very innovative, but that the technological part changes how the
projects are defined and how the students work in these environments, both virtual and face-
to-face. The teachers indicate that by using ICTs they now can realize some of the ideas they
had for project-based learning, but had not been able to do before. For example, students can
work together and communicate with the teacher even though they are not together in the
same physical space.

Some critical remarks can be raised about the sustainability of these cases. It is not clear
to what extent these activities using ICT are embedded within the whole school. We can also
ask whether these are projects that will last over time or if they are single events. In the case
material from Norway this varies. For the smaller schools, the technology obviously is part of
the whole school culture more than for the larger schools. For the schools that work more
with project-based learning, the activities using ICTs are more continuous than in schools
were project work is something they do two or three times during a school year. For the latter,
such activities using ICT tends to be singular events and not something the teachers build on.

As mentioned earlier in this article, there is a need to analyze more in-depth project work
as a methodological approach in schools than has been done so far (Hakkarainen et al., 2004;
Postholm et al., 2004; Rasmussen, 2005). Compared to other research on project work in
Norway, our research on the SITES M2 cases show that the teachers play a more active and
structured role in initiating project work and following up with the students during the
process. The projects are enriched because students can include different sources and different
ways of expression in a multimodal way. Additionally, the products and project reports the
students make are of better quality and defined as more authentic because they relate to the
community outside the school. The students are very motivated by this process, and both
teachers and students highlight the flexibility that the technology provides.

However, the case material in the SITES M2 study and many other studies on ICT and
school development has focused mainly on the activity level and less on the actual learning
going on. The data tell us a lot about what teachers and students do in technology-rich learning
environments. This relates to issues of methodological approaches, project-based learning, and
progressive inquiry, as well as stimulating frameworks for using new technologies in schools
(Hakkarainen et al., 2004). In a sense, the examples presented here are expressions of the
schools’ capacity building for development.
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The open question is what impact this might have on the students’ knowledge building.
There is some evidence that using ICTs has a positive effect on students’ learning (Harrison et
al., 2003; Scardamalia & Bereiter, 1996a, 1996b), but much research still has to be done to
make this connection clear. From the cases I have presented above, it is quite unclear what the
actual knowledge building among the students really is. This is the reason why we in Norway
now have started some large scale national projects focusing on building knowledge in
pedagogical practices by using ICT.

We also see that the activities using technologies are more collaborative than individual.
This is of course linked to the fact that the technologies are mostly used in connection with
project-based learning. The students work together, both in located settings in the school and
in and towards distributed settings outside the school. The technological applications they use
support this.

At the same time we see that using the technology in practical pedagogical settings gives
a better possibility for differentiation, that the students can follow their interests and that the
teachers can adjust the challenges for different groups of students, according to their
competence levels. The technologies give more variation in the resources that are made
available to support the students’ learning.

Another aspect is the way teachers and students talk about the content and the resources
they are working with. Again, the activity of the students is important, and many teachers talk
about the students as becoming knowledge producers more than knowledge consumers.

Referring back to my research questions, we can sum up that technology-rich learning
environments, as shown in the cases in this article, provides more flexibility, both within the
school and by linking the project activities to the world outside of the school. Concerning the
impact of project work using technologies on the students’ learning experiences, the case
material shows different results. All the cases document a much more active and involved
learning experience among the students. They work with learning resources that are more
complex and interactive, and they communicate more extensively.

Based on the complete analysis of Norwegian cases, we can develop what I call
trajectories of innovation in learning environments using ICT. These represent a development
from “no use of ICT” towards “ICT use representing new learning arenas.” (See Table 1.)

Most of the cases in our Norwegian study fall within the category of flexible use of ICT
in schools. They have moved from traditional classroom use of ICT but they are not yet
representing new learning arenas breaking off from the school settings we traditionally relate
to. However, the case material from the SITES M2 study in Norway shows some important
developments in all the mechanisms of learning mentioned above. In all, except for
curriculum development, which is nationally defined in Norway, the schools themselves
changed in important ways concerning the role of the leadership, how they define and develop
learning environments, the methods used, the access to content, how they develop content
themselves, in teacher and student roles and, how using ICTs support knowledge building.

CONCLUSION

As indicated in the title of this article, using new digital technologies expands the possibilities
for learning activities in schools. For our Norwegian cases, this is also directly linked to
project work. ICTs integrated into project work create new and interesting ways of
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approaching the challenges of learning in the knowledge society by opening up the school to
the outside world, through working with more problem-based situations, and by letting the
students become more active producers of knowledge in a flexible learning environment that
supports their learning activities in different ways. But these cases are just the first steps, and
we need to systematize experiences from such case studies, to develop models for others to
build on, as well as the scaling up of such activities to involve more teachers, students and
schools in looking into how ICT might best support learning among children and youth. At
the moment in Norway we are undergoing a national curriculum reform in which digital
literacy is defined as important as reading, writing and numeracy; this means that all students,
in all subjects and on all levels of schooling, should use and learn how to relate to the new
digital technologies. In this sense, projects like SITES M2 can inform us on how to best use
and implement ICT in educational settings.

The use of technology in pedagogical practice is complex. Through research on ICT and
learning, one often can get a simplistic presentation of activities involving teachers and
students using computers in different ways. My point is that in order to understand innovative
pedagogical practices, one has to take into consideration different contextual factors. It is the
sum of the elements, not one specific artifact, that creates the innovation. As stated by David
Olson (2003) in his book Psychological theory and educational reform, we need to integrate
perspectives and research on institutional development with perspectives and research on
learning activities in schools, which is no easy—but a highly necessary—task. In this article I
have presented data on school culture, on changes in learning environments, and on specific
learning activities involving ICT. To understand innovation, you must view the combination
of these different aspects. The challenge is how we build on research such as the SITES M2
study to provide a framework for school development with ICT as integrated element.

The SITES M2 study is important and gives some striking examples of how the
technologies give students and teachers expanding possibilities for learning activities in the
classroom. Equally important is that we see that it is not only the “good” schools—good in
the sense that they have cultures that always move forward in learning development—that get
better. Several schools mentioned here, with a less positive starting point, have used the new
technologies as a catalyst for change and have made huge leaps in school culture and
pedagogical practices. In this way we might say that innovation is a flow process for several
of these schools, meaning that many impulses follow the implementation of new
technologies; yet it is not the technology itself that brings this flow forward, but how it relates
to other factors in school development. It is not a single factor but the system of factors that
creates a positive flow of innovation involving new technologies. At the same time, it is
important to take the digital divide into consideration. Who will be the winners or losers in
this new educational setting? The inequality of access to information and communication
technologies will remain something that should be investigated fully in the research on
innovative pedagogical practices using technology in the next few years.
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Abstract: This paper presents the results of the analysis of the data from a national survey of
the Chilean educational ICT infrastructure and its use in schools implemented by the Centre
for Technology and Education of the Chilean Ministry of Education in 2004. Results show
that the context of ICT use in Chilean schools can be characterized as relatively good,
insofar as there are no first-order barriers for implementing ICT pedagogy. In this context,
students’ ICT use can be categorized based on four factors: communication, productivity,
recreation, and communication with teachers. On the other hand, teachers’ ICT use can be
categorized using three factors: communication, teaching, and technical. Based on these
factors and considering the availability and use of ICT in schools, the question remains how
to make this time most effective for improving students’ learning. Additionally, results show
that students, on their own, spend a considerable amount of time developing activities
described as communication. The question that arises from this finding is how fto take
advantage of these activities in order to meet teaching and learning aims. Regarding
teachers, results open possibilities for redesigning professional development courses by
taking advantage of what they already do with ICT.

Keywords: ICT in education, ICT use in schools, ICT pedagogy, ICT infrastructure.

INTRODUCTION

Since the early 1990s, Chile has been implementing an educational reform to upgrade the
quality and equity of Chilean education. The main components of this reform are
comprehensive investment and support programs, which combine more resources with new
teaching and learning methodologies; specific programs for the poorer schools; a new, more

© 2005 J. Enrique Hinostroza, Christian Labbé, & Magdalena Claro, and the Agora Center, University of Jyvaskyla
URN:NBN:fi:jyu-2005360

246



ICT in Chilean Schools

ambitious and contemporary curriculum aimed at developing higher order thinking skills; an
extended school day for the whole student population; and better salaries and working
conditions for teachers (see Banco Interamericano de Desarrollo, 2005). In this context, Enlaces
(Links) has been the information and communications technology (ICT) initiative of this reform
since 1992 (Hinostroza, Hepp, Cox, & Guzman, 2003). Its aim is to integrate technologies as
learning and teaching resources for all students and teachers in the 10,000 Chilean public
schools, as 90% of the total student population attends public schools in Chile. By the year
2005, 88% of primary and 85% of secondary schools participated in Enlaces, covering 93% of
the student population (Enclaces, 2005). Each of these schools received computers, local
networks, and educational and productivity software, and most of them have free and unlimited
Internet access to specially created educational content relevant to the Chilean curriculum. In
addition, the Ministry of Education, in partnership with 24 universities all over the country,
provides long-term technical and pedagogical support to each school, with 83% of teachers
already trained in the basic use of ICT (Hepp, Hinostroza, & Laval, 2004; Potashnik, 1996).
Within this framework, Enlaces is still looking for strategies that produce positive
impacts on students’ learning results (as defined and measured by the national curriculum), as
are many other ICT-in-education initiatives around the world. Despite the number of national
and international studies that have tried to unveil the “expected” causal relation between ICT
availability and use in schools with students’ higher achievements, results still show that,
although there is evidence of impact in specific areas, computer-based technology is only one
element in what must be a coordinated approach for improving curriculum, pedagogy,
assessment, teacher development, and other aspects of the schools’ culture (McCombs, 2000;
Roshelle, Pea, Hoadley, Gordin, & Means, 2000). In fact, more recent studies claim that:

There is a growing body of evidence relating to the positive impact of ICT on
learner attainment and other outcomes, but we need to develop further our
understanding of effective ICT pedagogies and how they can be supported.
Factors which account for whether there is positive impact on learning include
subject tradition with ICT, use across the curriculum, and quality of leadership
and teaching. (British Educational Communications and Technology Agency
[Becta], 2005, p. 4)

In this vein of answering the call for developing further understanding of effective ICT
pedagogies, some international studies do provide evidence about the way in which students
and teachers use ICT (Kozma, 2003; Organization for Economic Co-operation and
Development [OECD], 2001; Pelgrum & Anderson, 1999). Particularly, one of the results of
the SITES Module 2 (SITES M2) research (International Association for the Evaluation of
Educational Achievement, n.d.; see also Kankaanranta, 2005, this issue) is a description of
four models of innovative pedagogical practices using technology:

1. Student collaboration. In this model, teachers advise students, structure their

activities and monitor their progress. Students, on the other hand, collaborate with
others in their class and search for information. Both teachers and students use e-
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mail and productivity tools. ICT supports the search for information and
communication with others.

2. Student research. In this model, students conduct research and solve problems;
use e-mail and productivity tools to search for information; and use multimedia,
web resources and local area networks to plan and create products. Teachers, on
the other hand, often design materials.

3. Product. In this model, students create products and publish or present results.
Teachers collaborate with their peers and design instructional materials.
Multimedia is used in addition to e-mail and productivity tools, and ICT supports
the creation of products.

4. Outside collaboration. In this model, students collaborate with others both inside
and outside the class, they search for information, and create and publish results.
Teachers collaborate with peers in this model. (Kozma & McGee, 2003, pp. 72-75)

These definitions (as well as those described in other studies) could be useful in
informing the types of activities that students and teachers perform using ICT, given the focus
of the study on pedagogical practices. Despite this, these definitions do not necessarily inform
the discussion about other uses of ICT that are generally not considered to be part of a
“pedagogical practice” (for example, recreational ones).

Therefore, although this study builds on previous research aimed at understanding what
teachers and students do with ICT in innovative schools (Kozma, 2003; Venezky, 2002), it
looks for a variety of pedagogical and nonpedagogical uses of ICT and, based on these
results, proposes a typology of activities that students and teachers do with ICT, incorporating
the context in which these types of activities are done. The aim is to enrich the discussion
regarding ICT use in schools, and to provide a characterization of ICT-based activities that
could be used as a basis for further analysis.

The text is organized so as to present first the context in which Chilean students and
teachers use ICT, considering (a) the availability of computers and the Internet at school and
the amount of computer use, since access is, obviously, a key factor (Cox et al., 2003) for
implementing ICT pedagogy; (b) students’ and teachers’ ICT skills, given that the general
lack of teacher computer skills has been identified by some authors as a relevant barrier for
the spread of ICT-based learning in schools (Carnoy, 2002; Pelgrum, 2001); and (c) some
general policies present in schools, since the use of ICT as a lever to bring about change was
found common among innovative schools (Venezky, 2002). Second, this article presents and
analyzes the activities that students and teachers do with ICT. Finally, these results and
implications are discussed in the last section.

METHODOLOGY

Results presented in this paper are based on the analysis of the data of a study carried out
during 2004 by the Centre of Education and Technology of the Chilean Ministry of Education
(Enlaces, 2005). That study was designed as a survey and used an adapted version of the
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instruments developed by the UNESCO ICT international study (UNESCO, 2003). The
general procedure of the survey considered the following activities: translation, adaptation
and validation of the instruments; development and test of the online version of the
instruments; sample sizing estimation and selection; administration of the survey instruments;
transcription of data and database clean-up; and descriptive statistical analysis.

The sample of the study was stratified and proportional with a 95% of confidence and it
was representative of all the schools in the country. The survey consisted of the
administration of three questionnaires:

e Computer Lab Coordinator Questionnaire, applied to one teacher per school.

e Teacher Questionnaire, applied to a maximum of five randomly selected teachers
per school. In primary schools, the selection was among teachers teaching 7" or 8™
grade, in secondary schools among teachers teaching 10™ grade.

e Student Questionnaire, applied to a maximum of 10 randomly selected students
per schools. In primary schools, students where in 7% or 8™ grade and in secondary
schools students where in 10" grade.

Questionnaires were available both as paper and on-line versions, and participants were
encouraged to use the latter. Regardless of the version of the questionnaire, the application
was supervised by a trained data collector.

The data collection of the national survey resulted in questionnaires answered by 385
technology coordinators; 1,911 teachers; and 3,843 students. Half of the questionnaires were
answered using the on-line version and no statistically meaningful bias was found comparing
the answers of the two versions.

After the process of database clean up, two procedures were carried out. First, the data
were adjusted using an expansion factor based on the sample stratification in order to
represent the schools in the system. Then, for the results that represented the student
population, a correction factor based on the student population of each school was used in
order to assign the adequate weight to each school. The resulting data was used for the
analysis presented in this paper.

The research questions that guided the analysis presented in this paper were:

e What access do students and teachers have to ICT in the schools?

e What ICT skills do students and teachers have in the schools?

e What general ICT-related policies are present in the schools?

e What type of activities do students and teachers perform with ICT?

In order to answer these questions, three analyses were carried out. First, the frequency of
items related to ICT access of students and teachers, and the ICT skills and the ICT policies
were identified. Next, a multivariate analysis, specifically a factorial analysis, was conducted.
(Factors were identified using the principal component extraction and varimax rotation
methods). This analysis was done to find the groups of activities that teachers and students do,
based on the 19 and 20 items of ICT use in the student and teacher questionnaires,
respectively. Finally, a bivariate Pearson correlation between these factors was carried out
with the students’ and teachers’ resulting factors.
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RESULTS

Availability and Access to ICT

Since 1993, the Enlaces project has acquired and distributed computers to the schools. By
2004, this effort, together with schools’ own initiatives, has resulted in the average Chilean
primary schools having 16 computers, with a ratio of 36 students per computer, and secondary
schools having 37 computers, with a ratio of 26 students per computer. The distribution of
these computers in schools is presented in Figure 1.

The majority of the computers in primary and secondary schools are located in the
Computer Lab (72% and 62%, respectively), and only 3% are in the classrooms of primary
schools and 6% in secondary school classrooms. This implies that, on average, secondary
schools have 2 computers placed in the classrooms, and that not every primary school has
even one in the classroom.

The concept of building a network of schools was embedded in the early design of
Enlaces (see Hepp, 1998), therefore the provision of access to the Internet and digital
resources is at the core of the program. Results of the survey showed that 74% and 98% of
primary and secondary schools, respectively, have access to Internet, and that, in 33% of the
primary and 60% of secondary schools, the connection is broadband.

The infrastructure available at schools is widely used during the week. In fact, results
indicated that the computer lab is used 32 hours per week in primary schools and 37 hours per
week in secondary schools. Figure 2 shows the amount of time that the computer lab is used
for different activities during the week.

Figure 2 also shows that the distribution of use among the various users of the computer
lab is similar, in so far as primary and secondary schools students use the lab 65% of the time.
Teachers use the lab 29% of the time and the community uses it 6% of the time'. On the other
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Figure 1. Number and location of computers.
(Source: Information Society Survey of the Centre of Education and Technology of the Chilean Ministry of Education)
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Figure 2. Hours per week that the school computer lab is used for different activities.
(Source: Information Society Survey of the Centre of Education and Technology of the Chilean Ministry of Education)

hand, primary school students have less time of free access to the computers, as compared to
secondary school students (12% vs. 21%) and primary school teachers spend more time using
the lab for lessons than do their peers in secondary schools (44% vs. 38%).

Regarding the individual time of ICT use, Figure 3 shows results indicating that the
average primary school teacher uses the computer for 4 hours a week (2 with students and
2 without students) and a secondary school teacher uses it for 8 hours a week (3 with
students and 5 without students). On the other hand, the average primary school student uses the

| |
3.1 m Secondary

Teacher use ICT

w ith their students O Primary

Teachers use ICT 5.3

w ithout students

Students use ICT
for other purposes

Students use ICT
to study

0 1 2 3 4 5 6 7

Figure 3. Individual time of ICT use of teachers and students at schools (in hours per week).
(Source: Information Society Survey of the Centre of Education and Technology of the Chilean Ministry of Education)
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computer 3.5 hours a week and a secondary school student uses it 4.2 hours a week (in both
cases, about 1.7 hours are used to study with ICT, with or without the teacher).

In relation to the access to ICT beyond the school, results presented in Figure 4 show that
secondary school students and teachers have more access to ICT at home than do primary
school students and teachers. In fact, 84% of the secondary school teachers have computers at
home and 65% have Internet access. On the other hand, although 79% of primary school
teacher have access to computers, only 46% have access to Internet.

Regarding students, results indicated that 56% of the secondary school students have
access to a computer at home and 46% have access to Internet. However, only 39% of
primary school students have access to a computer at home and 18% have access to Internet.

These figures regarding access to ICT are above the average of the general population
in Chile. In fact, the national census implemented in 2002 showed that in Chile only 20.5%
of the households had a computer and only 10.2% had also Internet (Instituto Nacional de
Estadisticas de Chile [INE], 2003). These differences are found also in other countries
(Istance, 2002) and could indicate that the presence of ICT in schools has acted as a catalyst
for the acquisition of computers at home, particularly among teachers. Also, the differences
between the access of primary and secondary school students found here are similar to the ones
found in other countries (see Becta, 2005). This pattern calls for further research regarding the
implication of these differences.

Additionally, results of the study showed that 47% of the primary school students and
69% of secondary school students have their own mobile phone. Notably, this result is not
due to any policy of the Ministry of Education.

84%
79%
Computer | 0
56%
9%
65%
46%
Internet J ’
28% O Secondary Teachers
18% O Primary Teachers
m Secondary Students
@ Primary Students
Personal Mobile Phone
69%
47%
T ! 1
0% 20% 40% 60% 80% 100%

Figure 4. Availability of ICT at home for teachers and students.
(Source: Information Society Survey of the Centre of Education and Technology of the Chilean Ministry of Education)
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Figure 5. Frequency of ICT initiatives at school level.
(Source: Information Society Survey of the Centre of Education and Technology of the Chilean Ministry of Education)

Another aspect that has been considered important in the use of ICT in schools is the
existence of ICT-related policies at the school level. In this respect, the survey asked about
the presence of some initiatives at the schools. Figure 5 shows the frequency of the presence
of some ICT-related strategies in the schools.

The fact that more than 60% of the schools have an ICT-related strategy could be a promising
antecedent for the uptake of ICT in the Chilean schools. In fact, the existence of ICT-related
institutional strategies has shown to be important for the infusion of ICT in pedagogical practices
(Venezky, 2002). On the other hand, the fact that fewer than 40% of the schools have ICT as a
compulsory course could indicate the need to develop policy-level strategies that help to ensure
that students acquire a certain level of ICT skills, as mentioned in the next section.

ICT Skills

The importance of students acquiring ICT skills has been recognized internationally (OECD,
2001) and it is also part of Enlaces’ agenda. Figures 6 and 7 show the percentage of students
and teachers, respectively, who ranked themselves as “very good” in using various ICT tools.

As it can be noticed in Figure 6, primary and secondary school students more frequently
tended to rate themselves as being very good in the use of communication tools as well as
some productivity tools (word processor and presentation software). In general, results
showed that more secondary school students viewed themselves as confident in using ICT
tools, as compared to primary school students, which is consistent with their longer exposure
to these tools, particularly at home (see also Figure 4).

Figure 7 shows that teachers follow a similar pattern compared to students, but they
added some additional productivity tools, such as educational software and spreadsheets.
Although teachers have more access to ICT at home than students (see Figure 4), when it
comes to rating their ICT skills, in general terms, fewer teachers rated themselves confident in
using ICT as compared to the students, especially in secondary schools.
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Figure 6. Percentage of students that answer that they are “very good” in using specific ICT tools.
(Source: Information Society Survey of the Centre of Education and Technology of the Chilean Ministry of Education)

254



ICT in Chilean Schools

Write documents 48%

Internet brow sing - 48%

i 33%

Use educational softw are *32%

Use Internet for lesson preparation and ﬁ 35%
research o

24%

Use spreadsheet

0,
Use e-mail 40%

Create presentations

Database development and administration

Use several productivity tools at once

Use statistical tools for analysis or data
processing

Chat

Program simple softw are m Secondary

@ Primary

Basic design of simple w eb pages

Participate in discussion groups

Participate in online collaborative projects

Create multimedia materials

Program educational softw are

Design advanced w eb sites

0% 20% 40% 60%

Figure 7. Percentage of teachers that answer that they are “very good” in using specific ICT tools.
(Source: Information Society Survey of the Centre of Education and Technology of the Chilean Ministry of Education)
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ICT Use at Schools

The survey asked students to report on the frequency with which they do different activities
with ICT. These responses were then analyzed looking for correlations among students’
responses. Figure 8 shows the frequency of the activities that students reported that they do
“very frequently” at school, grouped by the resulting factors of the analysis.

The factorial analysis resulted in these four factors that explained 64.3% of the total variance.

1. Communication. In this factor, students communicated by e-mail and chatted with
classmates, friends and relatives, browsed the Internet, searched for and
downloaded music, read magazines and newspapers on the Internet, and
participated in news groups or lists on the Internet. This group is characterized as
using communication tools with a social orientation.

2. Productivity. In this factor, students searched for and researched information, used
educational software, created presentations, and wrote and printed documents.
This group is characterized as using ICT for study-related purposes.

3. Recreation. In this factor, students used the computer for programming, playing,
painting and drawing, and creating music. This group can be described as using
ICT for recreational purposes or activities.

4. Communication with teachers. In this factor, students sent e-mails and chatted
with teachers.

Regarding the activities, Figure 8 shows that primary and secondary school students do
similar activities very frequently at schools. The main differences were that primary school
students tended to print and draw, create presentations, use educational software, and play
relatively more often than do secondary school students. On the other hand, secondary school
students used more Internet tools (e-mail, chat, and browsers).

Figure 9 shows that the most frequent ICT activities that students do are the ones
characterized as Productivity, followed by Recreational (for primary school students) and
Communication (for secondary school students). These results suggest a profile of students’
ICT use, in which they split their time of ICT use communicating, producing (handling
information) and entertaining themselves. In this sense, one could argue that the current term
to call these technologies, ICT (information and communication technologies), really should
be IRCT (information, recreation, and communication technologies).

Additionally, the survey asked teachers about the learning activities that they thought
students do with ICT. Figure 10 shows the frequency of activities that teachers reported
students did very frequently. The most frequent activities reported by primary school teachers
were that students searched for information on the Internet for assigned tasks, collaborated
with other students, used educational software for remedial or rehearsal activities, and
developed activities that imply research. Secondary school teachers reported that their
students searched for information on the Internet for assigned tasks, developed activities that
imply research, submitted the results of their work in digital format, and did presentations
supported by ICT tools.

Reports on the students’ activities by both the primary and secondary school teachers
coincide with the students’ self-reports, assigning a high frequency to the activities related to
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the search of information on the Internet and developed activities that imply research.
Additionally is interesting to note the relative high frequency of secondary teachers that
reported that their students hand in their results in digital format.
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Figure 8. Students’ activities with computers and Internet reported as “very frequently” done at school.
(Source: Information Society Survey of the Centre of Education and Technology of the Chilean Ministry of Education)

257



Hinostroza, Labbé, & Claro

4 —&— Primary

—&— Secondary

R
=

1 . .
Productivity Recreation Communication Communication
w ith teachers

Frequency
never and 5= almost every day)

(1=

Figure 9. Frequency of the groups of students’ activities.

. L 46%
Search for information in the Internet for tasks 32%

26%
29%

Collaborate w ith other students

Use educational softw are for remedial or
rehearsal activities

0,
Develop activities that imply research po%

Hand over the results of their w ork in digital 36%
format

Develop activities that imply solving problems

Do presentation supported by ICT tools

Publish the results of their w ork in digital format

Communicate by e-mail w ith students from
other schools or other countries

m® Secondary

Pri
Create w eb pages as part of the w ork at 8 Frimary

school

16%

0% 20% 40% 60%

Figure 10. Teachers’ assessments of students’ learning activities with computers and the Internet, reported as
done “very frequently” at schools.
(Source: Information Society Survey of the Centre of Education and Technology of the Chilean Ministry of Education)
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The survey also asked teachers to report on the frequency of various activities with ICT.
These responses were then analyzed by looking for correlations among teachers’ responses.
Figure 11 shows the frequency of the activities that teachers reported they do very frequently,
grouped by the resulting factors of the analysis.

The factorial analysis resulted in these three factors that explained 59.6% of the total variance.

1. Communication. In this factor, teachers searched for educational resources on the
Web, communicated by e-mail and chatted with colleagues, friends and relatives,
browsed the Internet, searched for and downloaded music, played games and read
magazines and newspapers on the Internet. This group is characterized as using ICT
with a social orientation.

2. Teaching. In this factor, teachers used ICT to teach specific subjects, including
computer skills; monitored and evaluated students’ progress; prepared reports and
marked assignments; used educational software for remedial or rehearsal activities;
elaborated documents or presentations; and prepared lessons and materials to support
teaching. This group is characterized as using ICT to support teaching and learning
activities.

3. Technical (hobby). In this, factor teachers programmed pieces of software,
communicated with students’ parents, chatted with colleagues, and participated in
interest groups or lists on the Internet. This group is characterized as having a more
technical orientation in the use of ICT.

Regarding the activities, Figure 11 shows that primary and secondary school teachers do
similar activities very frequently at schools. The main differences are that primary school teachers
at the 7" and 8" grades tend to teach specific subjects, use educational software, and teach
computer skills relatively more than secondary school teachers. On the other hand, secondary
school teachers use more Internet tools (e-mail, chat, browsers) than their peers at the primary
school level.

Figure 12 shows that the most frequent activities that teachers do with ICT are the ones
characterized as teaching and as communication. Also, it confirms that secondary teachers
tend to do activities characterized as communication more often than primary teachers. .

In this case, results indicate that teachers do follow the established tendency to use
computers and the Internet mainly as information and communication devices (not as
recreation devices, as students did), splitting their time of use of ICT primarily in these two
groups of activities.

Finally, as shown in Table 1 on the correlation between the student and teacher factors,
almost all correlations are statistically significant. The ones with the highest correlations are
the factor Communication among students and teachers, and the teachers’ Communication
and Teaching with students’ factor Productivity. Although these are quite interesting results
that relate the teachers’ and students’ use of ICT, further analysis is needed that considers
possible influences of other variables, like family background and/or the school’s
characteristics, as suggested in the analysis of the factors underlying educational results by
Fuchs & Wo6ssmann (2004).
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Figure 11. Teachers’ activities with computers and Internet reported as “very frequently” done at schools.
(Source: Information Society Survey of the Centre of Education and Technology of the Chilean Ministry of Education)
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Table 1. Correlation between students’ and teachers’ factors.

Teachers” Factors

Students” Factors Teaching Communication  Technical
Communication 0.11%* 0.51** 0.2%*
Productivity 0.31%* 0.36* 0.2*
Recreational 0.12%* 0.3* 0.14*
Communications with teachers 0.07 0.3* 0.21%*

*p<0.05 **p<0.01

DISCUSSION

The infrastructure of ICTs in Chilean schools is promising. Students in Chilean schools have
relatively high access to computers, as compared to many Latin American countries.
However, the student-per-computer ratio is still about twice as high as in schools in developed
countries that, in general, have ratios below 15 students per computers (Becta, 2005).
Regarding the location of computers, the fact that the majority of the computers in
primary and secondary schools are located in the computer labs is mainly due to the ICT in
Education policy in Chile. This program provided computer labs to schools without the
possibility of installing these computers in the classrooms. Therefore, the fact that some
secondary schools do have a few computers in the classrooms is due to their own initiative.
These results support the assumption that the majority of students’ and teachers’ ICT-related
activities are carried out in the computer lab. Additionally, the relatively high percentage of
schools connected to Internet enables ICT-related activities and use of Internet resources.
Focusing on the use of the computer lab, results showed that they are used intensively
during the week. This result could be attributed to the fact that more than 60% of the schools
report that they have an ICT-related strategy at their school, which has been identified as a
key factor that promotes ICT use at schools (Fullan, 1998; Venezky, 2002). Additionally, the
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results showed that teachers use the computer lab about half of the time that the students do.
This relative high proportion of time in which teachers use the lab calls for further analysis,
since they have substantially more access to ICT at home than do students. In any case,
regarding access to ICT at school, it can be argued that this dimension, for Chilean students
and teachers, is no longer a critical one.

The results regarding ICT skills show that half of the teachers and students rank
themselves as very good in using the Internet and productivity tools. Given that teachers’ ICT
skills has been identified as a critical factor for ICT pedagogy implementation (Carnoy, 2002;
Pelgrum, 2001), these results appear to be relatively good.

Summarizing, the context of ICT use in Chilean schools can be characterized as relatively
good (i.e., one that provides basic conditions) insofar it appears that, in general, there are no
first-order barriers, such as the ones related to the lack of ICT skills, infrastructure, or time of
use, for implementing ICT pedagogy (Ertmer, 1999).

It is within this context that the resulting students’ and teachers’ factors reflect different types
of activities with ICT. It can be argued that both students’ and teachers’ factors mirror a more
general use of ICT, namely, as a tool for work (Teaching, Productivity), as a communication
device (Communication), and as a recreational artifact (Recreation, Technical). Self-reported
students’ and teachers’ ICT skills cohere with the resulting factors.

Looking at individual use, results presented in Figure 3 show that an average secondary
school student uses a computer at school about four hours per week. Although this amount of
time may be considered relatively short, it is not dramatically different from the time students
spend attending science, language, or mathematic lessons during the week. Clearly, whether
this time of ICT use is enough to produce an impact on students’ learning achievement will
greatly depend on the activities they do during these hours of use.

To analyze any expectation of an impact on students’ achievements would require more
research. However, Figure 3 does indicate the average secondary school student spends about
1.7 hours per week in class-related computer work (Productivity). There is no indication of
what or how many subjects the student might be working on during that time. Still, it is
reasonable to ask, can ICT make a difference in students’ understanding of one subject in this
limited time? The essence of this question is even more pressing if the student spends this 1.7
hours on multiple subjects. Moreover, a more precise question could be asked, how could
schools model or prioritize the use of educational software, the creation of presentations, the
writing of documents, or search and research information activities in order to effectively
contribute to students’ learning within this time frame?

On the other hand, results also show that students do invest considerable time performing
other activities that can be described as typical of the information society (factors titled
Communication and Recreation; see Figures 8 and 9). The types of activities grouped in these
factors seem to be those that students would decide to do on their own, without their teachers’
intervention. Despite the academic value that one might assign (or not) to them, the fact is that
students will continue doing these activities, whether teachers like them or not (and similar to
the fact that students increasingly use mobile phones within the school environment). Given
this scenario, some questions that arise are (a) What are students learning while doing these
activities? (b) Do these activities contribute to students’ curriculum-related learning? and (c)
Given the time that students spend doing these activities, could teaching and learning
activities be designed that take into consideration what students already do with ICT and have
pedagogical value added to them?
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Regarding teachers, the results show that they more frequently perform activities
characterized as Teaching and Communication, which highly correlated with students’ factors
of Productivity and Communication. Moreover, the activities characterized as Communication
are almost the same for students and teachers. The difference between the time that primary and
secondary school teachers use ICT could be explained by the fact that secondary school
teachers do more frequently activities characterized as Communication. In the same line as with
students, this use of ICT by teachers opens possibilities for redesigning professional
development courses by taking advantage of what they already do with ICT.

Summarizing, the results presented in this paper helped to deepen the understanding of
the type of activities that teachers and students do with ICT and the context in which they
occur. A more precise picture on what and how long students and teachers use ICT in Chilean
schools has been provided. Also, the results bring up new questions related to the way in
which to shape specific ICT uses in order to impact students’ achievements and to take
pedagogical advantage of activities that teachers and students already do with ICT.

ENDNOTE

! Regarding the use of the computer labs by the community, since 2003 Enlaces has been implementing a national
policy that encourages schools to provide ICT-related courses and services to the parents’ communities of the schools.
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