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Abstract: The paper reports developmental research using Information and 
Communication Technologies (lCT) in support of the sharing of knowledge 
and expertise of digital culture. In both sites for advanced learning, 
cooperative team projects provide a way for stakeholders to exchange 
knowledge and become enabled by new technologies. Professional 
development provides advanced teacher knowledge on learning, motivation 
and engagement in problem-based learning as a basis for the use of hand-held 
computers and networks to support strategic cooperative thinking among 
teams. The skills and confidence of young students using networked ICT is 
shared with less technically confident teachers. Expert teacher design of the 
learning context continually draws students' attention to the kinds of 
capabilities, knowledge, thinking and tools that are used to achieve different 
goals. 

Networked learning also has high economic value. A networked community 
comprised of teachers, students, scientists, and business people was developed 
to enable advanced learning in innovation. Three key features of the research 
projects were: The younger members of the community had the greatest 
knowledge of and commitment to communication and knowledge building in a 
digital culture; the development of authentic cooperation required all members 
to adopt new roles and rethink the traditional patterns of behaviour; teachers 
have made a particularly valuable professional contribution as they applied 
their expertise to facilitate learning and relationships for knowledge exchange. 
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1. INTRODUCTION: LEARNING AND 
INNOVATION 

Innovation has until recently been conceived (and funded) largely in 
terms of scientific invention and related technical development. In most 
developed countries innovation has been largely confined to the "hard" 
sciences and kept one step removed from social considerations at least until 
commercial applications of the inventions are developed. Ignoring the 
surrounding cultural activity seems a serious oversight. Technical artefacts 
reflect the conditions of their production and the societies in which they are 
used - they have value because of the problems they solve and competitive 
or social advantages they give to particular groups of users. As Latour (1996) 
writes eloquently, people create their technical artefacts and are shaped by 
them in an intricate and continuous cycle. He explains: 

For the thing we are looking for is not a human being, nor is it an 
inhuman thing. It offers rather, a continuous passage, commerce, an 
interchange between what humans inscribe in it and what it prescribes to 
humans. It translates the one into the other. This thing is the non-human 
version of people; it is the human version of things, twice displaced. 

Because of the intricate connection between people and tools, a 
successful innovation always perturbs, or places tensions on, the social 
relationships around it. This effect is particularly evident in well-established 
institutions with clearly defmed power relationships and largely ritualised 
practices such as schools and universities. Educational institutions have been 
valued in the past for their stability and independence from social change. 
However, those are the very characteristics that now create tensions and 
make innovation difficult. 

Despite wide acceptance of the need for reform in education, most new 
technologies have been under-used, ignored or resisted by educators. Good 
examples include: Logo programming developments by the MIT Media Lab 
and later Lego-Logo robotic devices, Genscope (BBN Labs and Concord 
Consortium), Tabletop (TERC) and Boxer (Andy DiSessa at U.C. Berkeley). 

However new convergent information and communication technologies 
have never been appropriated so eagerly or used so enthusiastically and 
skilfully by young people' A recent survey at a major university found up to 
80 percent of full-time university students working 20 hours or more per 
week. A common reason given for working was to fund Internet and mobile 
phone costs. 

The emerging dynamics have resulted in a growing disjunction between: 
- The social organisation and the use of technical applications in educational 

institutions. 
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- Their emerging impact on the knowledge, awareness and skills of young 
people in the wider community. 

Young people are gaining skills and capabilities outside school at faster 
rate than their resistant elders who have traditionally played the role of 
experts. The two projects that are discussed below are seeking to find ways 
to harness the skills, enthusiasm, and new capabilities of young people, and 
encourage them to cooperate with others in the community in the process of 
inventing their future. 

2. SOME THEORETICAL CONSIDERATIONS 

Until recently, little attention has been paid to the dynamic processes of 
the evolving new "socio-technological" contexts in which many people live 
and work as well as their impact on human awareness, knowledge and 
capabilities. The new tools and the way we use them form an important new 
element in cultural experience and thus shape peoples' awareness, 
knowledge and capabilities. The impact of the new experiences is greatest 
for those people who, for developmental, access or other reasons, are most 
able to learn. They are usually young people. The emerging context presents 
the greatest challenges for older people who are carrying out roles that make 
learning, risk taking and experimentation difficult. In schools, teachers often 
feel as though they are in the latter group. 

Activity theory is based on the idea that human activity is a dialectic 
relationship between subject (person) and object (purpose or goal). The 
perceived "object", or goal, of an Activity is, according to activity theorists 
(Engestrom 1999; Davydov 1991; Leont'ev 1981), subjective and distinct 
from its observable outcomes. People subordinate their thinking according to 
their SUbjective and often idiosyncratic interpretations of the purpose and 
potential strategic opportunities of Activity regardless of any organisational 
rationale for a task. Activity is comprised of actions (creative new responses) 
and operations (routine and well known habitual cognitive or behavioural 
processes, now commonly the domain of leT systems), and also involves 
serious intent. The capitalised term "Activity" has been used to denote the 
purposeful forms of meaningful human activity involving both creative new 
actions and routine operations as described in the theory. 

Each well-established community or organization has a complex set of 
shared and interrelated values, relationships, rules and roles that constitute a 
system of activity that is commonly mediated by specialized tools. Activity 
theory provides a useful framework to explain the relationships between: 
- People and what they know, and their history of becoming knowledgeable. 
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- Their perceived/imagined interpretations of the possibilities for action in 
any context. 

- The ways that Activity is mediated by the tools that are available. 
- The role of people's personal intentions in shaping Activity. 
- The rules, roles and responsibilities of institutional contexts and other 

communities that provide opportunities or constraints. 

New kinds of collective capability and new forms of social organization, 
arising out of the wider use of ICT systems, have the potential to make it 
possible to design new contexts for learning, knowledge making and 
innovative Activities. In those new contexts, the rules, roles, responsibilities, 
and division of labour associated with learning in schools are reshaped 
according to the relative capabilities of the stakeholders that use them and 
the ways the new tools mediate the Activity and shape observable outcomes. 

2.1 Learning and technology exchanges 

In the first project, professional development for teachers was provided 
through intensive workshops to explore the implications of new technologies 
for the nature of knowledge and learning in the 21 sl century. It has become 
clear in the rest of the community, in developed countries, that machines 
now reproduce existing information and routine procedures that continue to 
be an important part of schooling. It has become clear that the traditional 
definitions of learning and knowledge in education need to be revised if the 
new technologies used by the rest of the community are to have a place in 
schools. 

The project represents a cooperative venture between teachers, 
technology developers and educational researchers. It follows from earlier 
research that indicated that teachers had much greater difficulty using new 
technologies than young children, and that teacher knowledge about learning 
was tacit and rather narrow. The project had three elements. A research team 
collected data on observable teaching styles and their explanations for the 
Activity before and after an intensive professional development experience 
for participants. The professional development provided teachers with 
experiences in using new technologies (hand-held computers, networks and 
electronic measuring probes in Science), and also extensive input and 
opportunities to discuss and reflect together about: 
- The new opportunities for learning and knowing that are emerging as a 

result of widespread use of ICT and new specialized technologies. 
- The need to make those new thinking and learning activities explicit in 

school. 
- The ways that roles and rules and division of labour shape the ways 

students think and learn. 
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The participating teachers, from three schools, were supplied with class 
sets of hand-held computers, electronic probes that could be operated 
attached to the mini-Pes, and new curriculum tasks that they had helped to 
prepare. 

The teachers then returned to their classes and, despite a time lag 
between the course and when the new materials became available, began to 
experiment with new possibilities. Predictably, secondary teachers felt more 
constrained than elementary teachers, and younger children were more 
confident in using new technologies than older, adolescent students. 

The following scenario in a middle school provides some indication of 
the kinds of observable outcomes that have emerged: 

The teacher, Marie (name supplied), has spent considerable time with her 
Year 7 class to explore and make explicit a wide range of patterns of 
thinking, knowing and cooperating with others. Everyone in the room has 
a well-developed understanding of the rules of the community and the 
kinds of Activity that are expected. The patterns of thinking, feeling and 
acting that they are using or have used are named and illustrated 
graphically on the walls of the classroom. They include such tactics as 
taking the role of an opponent in an argument to develop understanding 
of their perspectives and strategies. Students also critically analysed 
arguments presented verbally or in text. The students work cooperatively 
in teams and most of the time. The intranet and software at the school are 
used as tools to enable those kinds of activities. It has been repositioned 
as a tool for learning and for promoting and maintaining a high level of 
meta-cognitive awareness. In this classroom, most routine, repetitive 
processes are carried out by machines. Marie has some expertise in 
running the intranet but it is the children who have become authoritative 
about developing multimedia presentations and websites at the school. 

At 3.30 pm the bell rings, they pack up their project work and several 
from one team move to a classroom further on. The students are on roster 
to help others in the school learn to develop multimedia reports in a 
regular after-school class. They assume the role of tutors and advisors to 
a class that includes three teachers, one parent and several younger 
children. They are patient, courteous and very responsible in carrying out 
the community responsibility on a voluntary basis. Marie attends the 
class in a supervisory role and uses the time to make changes to the 
intranet. The Year 7 students share their knowledge and capabilities with 
the others in the room. After a few minutes one can be heard explaining 
patiently: 
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You have to work it out for yourself but it's OK to watch others and ask 
questions. I'm here to help you learn to make your own project, not to tell 
you what to do. (Year 7 School 3) 

A critical element in the project is the cooperative nature of the venture 
and the evolving new, and often blurred, roles and responsibilities for 
teachers and students. The successful use of the new technologies is 
emerging as a bi-product of the changing nature and purposes of the learning 
Activity. In particular, the new tools, and the facility and enthusiasm with 
which younger students use them, are being harnessed alongside the wisdom 
and emerging expertise of teachers about the design of learning contexts. An 
emerging role for teachers is as a learning coach - continually drawing the 
students' attention to the kinds of capabilities, knowledge, thinking and tools 
that are used to achieve goals that they have chosen. The new emphasis on 
metacognition (more conscious awareness and personal responsibility for 
intentions, goals and the choices of strategic Activity) places students in a 
new position as members of a community with new knowledge to share. It 
also ensures that they pay attention to and value new skills that they will 
need as adults. A new role for teachers is to create authentic opportunities 
and experiences for meaningful problem-based learning. A new challenge 
has emerged for both students and their teachers. Authentic problem solving 
using new tools often develops unexpected results. The knowledge, skills 
and confidence of young students using networked ICT are shared with less 
technically confident teachers, adults and younger children. In this field they 
are the acknowledged experts with a responsible role in the community. 

2.2 Applications of networked learning to support 
technical innovation 

New forms of networked learning have very high economic value. ICT is 
being used to address the needs of the emerging Australian photonics 
industry. In electronics the basic unit is the electron, in photonics the basic 
unit is a photon or particle of light. Optical fibres used in 
telecommunications are a common application of the emerging science. The 
new industry needs to recruit up to 20 000 suitably qualified people as 
researchers, developers, entrepreneurial business people and technicians for 
advanced manufacturing by 2010 to maintain its current share of the market 
in photonics. The field is at the same stage of development as electronics 
was 30 years ago and represents an important infrastructure technology for 
broadband networks and other applications requiring high speed signalling. 

In the Photonics outreach program, students, scientists, business 
developers, teachers, technologists, and museum staff have joined an online 
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"community of interest" that meets for community events, workshops and 
online work. By the end of 2002 the program will have reached more than 
100 000 students. Young people, in middle school grades, play a vital role in 
the community that reflects their commitment to networked learning along 
with capabilities to develop skill and enthusiasm for networked technologies. 
Students with specialist knowledge from universities and technical colleges, 
and interested students from schools are currently cooperating to design an 
interactive web site that forms the focus for the community in the role of 
technical support and advice for other people in the community. They are 
developing interesting and intriguing activities in photonics, including 
games, puzzles and information design, based on recent scientific papers, for 
younger students. For teachers, developing new strategies for designing and 
managing e-Iearning contexts and working in cooperation with their students 
and also scientists and business developers represents an opportunity to 
explore the new possibilities for advanced learning. 

2.3 Discussion 

The two projects have both been built on earlier work investigating 
patterns of ICT use in knowledge intensive communities (Crawford and 
Crawford 1997; Hasan 2000) and the dynamics of constructionist learning 
online (Crawford and Crawford 2001). The two projects differ in scope and 
aim but share three key elements with earlier work: 
- The younger members of the community had the greatest knowledge of 

and commitment to communication and knowledge building in a digital 
culture. Their contribution to the knowledge exchange is a critical element 
of both communities. 

- The development of authentic cooperation required all members to adopt 
new roles and rethink the traditional patterns of behaviour, division of 
labour and relationships associated with transmission models of learning. 

- The new teaching role in these ICT -enabled contexts was to: 
- Make explicit and encourage the new processes of learning through 

meaningful and highly engaging activity; 
- Facilitate the new, more direct, relationships between people who need to 

learn and those who have experience and knowledge. 

It is becoming clear that new ICT -enabled virtual contexts for human 
activity are rich and complex, and potentially extend the scope of awareness 
and creative capabilities in ways that have not been possible before. The 
emerging evidence in the second project is that the new interactive and 
convergent technologies also have the potential to mediate cooperative 
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activity that is inclusive of people who are members of normally disparate 
communities. 
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