Advanced Technologies in Education - symposium proceedings

designing the classroom of tomorrow

2 %\:\
AN

Advanced
Technologies
in Education

Proceedings of the international symposium,
held in Ahens, Greece

November 13-14, 2004

the symposium was
co-financed by: |t




International Symposium on
Advanced Technologies in Education

Designing the School of Tomorrow

Proceedings of the International Symposium
held in Athens, Greece

November 13-14, 2004

Edited by Eleni T. Chatzichristou
on behalf of the School Foresight Consortium



Published by Ellinogermaniki Agogi

Artwork:

Vassilis Tzanoglos
Evangelos Anastasiou

i LLUNCE WEEE
the symposium was co-financed by: - 5 "L y
- t‘

European Commission
Copyright © 2004 by Ellinogermaniki Agogi

All rights reserved.

Reproduction or translation of any part of this work without the written permission
of the copyright owners is unlawful. Request for permission or further information
should be addressed to the copyright owners.

Printed by EPINOIA S.A.
ISBN: 960-8339-49-9



TABLE OF CONTENTS

INtroductOon ..ottt ittt it ittt ti ettt neeeeseeanaeessennenesseennnns 5

I. Learning in the Information Technology Era

Understanding the Personal, Socio-Cultural and Physical Dimensions of Learning ... .... 9
John Falk, Institute for Learning Innovation, USA

Atre you a Technocrat? A Reformist? Ir an Holistic? .......... ..o i, 21
Abharon Aviram, Head of Center for Futirism in Education, Ben-Gurion, Israel

School of Tomorrow: VISIONS . . ..o vttt 27
Henrik Hansson, Institute of International Education, Stockbolm University, Sweden

Designing the Science Classroom of the School of Tomorrow ...................... 35
Sofoklis Sotirion, Head of R&>D Ellinogermaniki Agogi, Greece

II. Connecting Formal and Informal Learning — Methods and Tools

Science and Technology Learning Across the Lifespan: Connecting School,
Free-Choice and Workplace Learning . .. ...l 49
Lynn Dierking, Institute for Learning Innovation, USA

The CONNECT Project: Bridging Formal and Informal Learning in Science Education . 59
Eleni T. Chatzichriston, R&>D Ellinogermaniki Agogi, Greece

ITI. Shaping the School of Tomorrow

Media —Assisted Learning, Evaluation Strategy in CONNECT ...................... 69
Franz X. Bogner, Zentrum fiir Math-Naturwiss. Unterricht, Universitat Bayerenth, Germany

Dancing with the Muses: How Educational Technology might Help Bridge the Gap
between Formal and Informal Science Learning . ............ ... oo o .. 75
Sherman Rosenfeld, Weizmann Institute of Science, Israel

LeActiveMath: Personalization, Motivation and Tutorial Dialogue.................... 83
Erica Melis, German Research Institute for Artificial Intelligence, Germany

The Lab@Future Project “E-Laboratories Collaboration Platform” .................. 89
Costas Davarakis, Managing Director Systema Technologies SA, Greece




Designing the School of Tomorrow

IV. Quality and Standardization Issues in Education

Setting Standards in Education ........ ... ... 97
Menelaos Sotirion, Head of International Projects Department,Q-Plan S A., Greece

V. Broad-Band for All

The Use of Direct Video Broadcast — Return Channel Satellite (DVB-RCS)
Rechnology in Teleducation Applications. The Rural Wings EU IP Project ........... 107
Nikolaos Uzunoglon, National Technical University of Athens, Greece

Connecting the Unconnected: The SchoolSat Experience. .............. ... ... ... 115
Sally Reynolds, Managing Director of AT71, Belginm

VI. Designing the School of Tomorrow: The Things To Come

The Future of Schools from a European Union Perspective — Selecting, Analyzing

and Disseminating the Most Innovative Approaches Towards the School of

TOMOTTOW .« .t ettt e et e e e e e e e e e e e e e e e e 123
Henrik Hansson & Scott Hall, Institute of International Education, Stockholn University, Sweden

Looking at the School of the Future. .................... oo o i i i, 133
Costas Tsolakides, University of Aegean, Greece

Virtual Observatory: The D-Space Project........... ... .. ... oo .. 139
Elena Tavlaki, Head of Research Programs Division,OTE, Greece

WebTV for Schools. .. ... o 145
Caroline Schleiss, DIGITAIL-BROADCAST-CHANNEL, Switzerland

Bridging the Digital Divide: Web-based E-Learning for Medical Practicioners in
the Developing World. .. ... 149
Theodore Arvanitis, Dept. of Electrical & Computer Engineering University of Birmingham, UK

Mobile Technologies in Education — Mobile Learning Applications in Language

Learning and History Education . ........ ... ... ... ... .. i i i 157
Eleni Mallion, R&>D Ellinogermaniki Agogi, Greece

Moments of the Conference .........ouuutteennnneeeeennnneeeeennnnanns 163




International Symposium on Advanced Technologies in Education

Introduction

designing the school of the tomorrow

Powerful new technologies promise to transform education and training in ways previously
unimaginable. Rapid advancements in educational technologies in the years ahead could enable
new learning environments using simulations, visualizations, immersive environments, game
playing, intelligent tutors and avatars, reusable building blocks of content, address distributed
communities of learners, and many more.

There are many challenges in the process of educational innovation that must be addressed
in order to take advantage of these technologies to improve learning, Advanced technologies
developed to meet other purposes must be translated into affordable tools for learners to use.
Technical standards must be deployed to help guide the development of educational content
that will be drawn from countless sources throughout the world. The technology community
has to form stronger partnerships with the educational community. The educational institu-
tions need to prepare for rapid technological change.

In this framework, the symposium brought together individuals and teams from a wide range
of technology and education fields to look into the future and to share their visions as to
what the learning experiences and educational technologies could be like. A rich collection
of examples of futuristic scenarios and visions were presented and discussed in detail. These
offered a glimpse of a future in which learners could explore worlds and cultures beyond their
own, both in distance and time, as if they were there. And they will serve to remind us that
we must strive to apply the power of technology in ways that empower people, enlighten the
mind and enrich our lives.

Sofoklis Sotirion, Ellinogermaniki Agogi
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Understanding the Personal, Socio-Cultural and
Physical Dimensions of Learning

John H. Falk & Lynn D. Dierking,
Institute for Learning Innovation, Annapolis, MD 21403, USA
Jalk@ilinet.org, dierking@ilinet.org

Intelligence and understanding are rooted not in the presence and manipulation of explicit, language-like data
structures, but in something more earthy: the tuning of basic responses to a real world that enables an embodied
organism to sense, act and survive.

Andy Clark, 1997

Abstract

Globally, Western societies are in the midst of changes as great as any in their history, changes
that are affecting everyone. These changes, which directly influence educational institutions
of all types, are tied to the shifting of Western economies from ones that are industrially-
based to those that are information and knowledge-based. Also changing is our understanding
of how and why people learn. Many of our current perceptions about the nature of learning
are based upon a Behaviorist-Positivist conceptual framework; the dominant psychological
model of the 20th century. This model of learning focuses primarily on the acquisition and
retention of new information. Cognitive and neuroscience research are dramatically changing
the way we think about the learning process. Learning has been revealed to be much more
complex and relative; learning is a continuous and highly personal process. As a way to organ-
ize this complexity, Falk and Dierking have put forward what they call the Contextual Model
of Learning. The Contextual Model is more a framework than a model. It views learning as a
contextually-driven effort to make meaning in order to survive and prosper within the world;
an cffort that is best viewed as a continuous, never-ending dialogue between the individual
and his or her physical and socio-cultural environment. This article desctibes that framework
and how it can usefully help to understand learning both within and outside of school.
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1. Introduction

Globally, Western societies are in the midst of changes as great as any in their history, changes
that are affecting everyone. These changes, which directly influence educational institutions
of all types, are tied to the shifting of Western economies from ones that are industrially-
based to those that are information and knowledge-based [1]. The transition from a goods-
based to a knowledge-based economy was noted first in America by Princeton economist
Fritz Machlup [2], and substantiated a decade later by the U.S. Department of Commerce
[3]. Knowledge and information (which Machlup felt were functionally the same) are rapidly
becoming the major economic product of society. These changes are dramatically changing
the way citizens in the developed world conduct their lives.

The engine that is driving this new transformation may be economics, but the fuel that it
runs on is learning, Today Western societies, and incrementally all societies, are evolving into
Learning Societies because the knowledge economy is being built upon ideas, and developing,
let alone keeping up with new ideas, requires learning. It takes information and experience to
generate good ideas. The best route to new information, more refined knowledge, and the
need for relevant experience is learning, Messing about with ideas, above all, requires open-
ness to new information and a commitment to learning all the time. Cradle-to-grave learning
has long been a goal of Western society, but it is increasingly becoming both a necessity and
a way of life. As society becomes more and more inundated with information, each individual
needs to learn qualitatively and quantitatively better strategies for dealing with information
[4]. In response to these changes, tremendous pressures our being placed on Western socie-
ties to reform, in fact ideally totally rethink how we support the public’s life long need to
learn. We need to not only change how we support learning in schools, we need to change
how and when we support learning across an individual’s entire lifetime. Fundamental to this
process needs to be changes in how we think about nature of learning; Like our educational
institutions, much of our current understanding of learning remains bound to out-dated,
20th century models.

2. Changes in Perceptions of Learning

Learning has always been critical to human survival; this was just as true in the traditional
societies of yesterday as it is in our modern, technologically-sophisticated society of today.
The fundamentals of human learning have also not appreciably changed. Two things, though,
have changed. We are all aware that the tools with which we support learning have drastically
changed. Perhaps less apparent is the dramatic change that has occurred in our understanding
of how, why, and what people learn.

Many of our current perceptions about the nature of learning are based upon a Behaviorist-
Positivist conceptual framework; the dominant psychological model of the 20th century.
Numerous assumptions undetlie this framework, but most follow from the somewhat sim-
plistic notion that predictable behaviors/tesponses arise when known stimuli are applied to
an individual. The application of this assumption applied to the educational contexts goes
something like this: If you take a group of learners who are assumed to know nothing, or
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virtually nothing, and provide them with a suitable educational intervention, they will exit
“knowing” something, That something is the “thing” that the instructor/designer chose for
them to learn. Because, according to this framework, learners are assumed to be virtual blank
slates, their prior experiences, interests, and motivations are assumed to be, if not irrelevant,
then not aggressively factored into the analysis of the learning process. This model of learn-
ing focuses primarily on the acquisition and retention of new information [5]. Behaviorist
teaching strategies tend, therefore, to be more didactic and instructor-centered where the
teacher provides the What, When, and How Fast of the learning experience. Although the
Behaviorist-Positivist learning model has been helpful in advancing some of our understand-
ing of learning, it has proven to have significant limitations.

Cognitive and neuroscience research are dramatically changing the way we think about the
learning process. In particular, recent advancements in neuroscience research have enabled
investigators to literally see the brain learn, and thus get out of the “blackbox” model so
popular among earlier psychologists. Rather than the straightforward process suggested by the
Behaviorist model, learning has been revealed to be a very complex, relative and constructive
process ([5],[6],[71,[8],[9],[10]). This new framework, referred to as the Constructivist-Relativist
model of learning, suggests that learning is a continuous, highly personal process. Learners
start from different cognitive frameworks and build on learning experiences to create unique,
highly individualized schemas. Operating from a Constructivist perspective requires accom-
modating to the diverse and individualized nature of learning. Certainly the Constructivist
theory of learning is not a new development; the ideas have been circulating in academic
circles for quite some time. But we do not have to visit very many educational settings to
realize that the Behaviorist-Positivist learning model continues to thrive not just in schools
but equally in free-choice learning settings such as museums. For example, many museum
practitioners, consciously or unconsciously, operate as if by propetly adjusting the lighting,
composing the right label, and positioning an object “just so,” all visitors to the museum will
emerge having had the same experience and having learned exactly the same thing,

In the Constructivist model, learning is seen as a highly contextual process. The learners’ prior
knowledge, experience, interests and motivations all comprise a personal context, which is
imbedded within a complex socio-cultural and physical context. Learning can be described as
the interaction and negotiation of these three shifting contexts in time and space ([6],[11]):
“In a world that allows for multiple perspectives, the conditions for meaning have become as
important as the meanings themselves” [12].

From a Constructivist perspective, learning is not just about what the educator wishes to teach
the learner. It is as much about what meaning the learner chooses to make of the educational
experience.

3. Towards a Usable Model for Understanding Learning

It is human nature to desire simple explanations for complex reality. For example, as pre-
sented in a book one of us (JHF) recently read [13], a physician described how during his
days in medical school he was constantly overwhelmed with the quantity of information. He
said some teachers could package the information very simply. “Here, this is what you need
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to know.” Medical students loved those teachers, he said. But there were other teachers who
always offered two or more (often contradictory) perspectives on things. This the students
hated. “It involved more work on our part,” said the doctor. “Who wants to be told that
some people think this, and some people think that? It was so much easier just to be told
what is what.” But, he said, as the years went by and he became more and more experienced
as a doctor, he realized that the concise, neatly packaged views were incorrect. The teachers
had chopped off all the rough edges that didn’t fit into the system, unfortunately, what was
chopped off invariably proved to be important information needed to make an effective
diagnosis. In the end, the simplest solutions were not always the best.

For better or for worse, it is our opinion that learning is a phenomenon of such complexity
that a truly simple model or definition will not result in a sufficiently realistic and generaliz-
able model. You can only simplify the complexities of learning so much before they become
less than useful. We put forward the Contextual Model of Learning (Fig. 1) as “a device
for organizing the complexities of learning within free-choice settings” [6]. The Contextual
Model of Learning is not a model in its truest sense; it does not purport to make predic-
tions other than that learning is always a complex phenomenon situated within a seties of
contexts. More appropriately, the “model” can be thought of as a framework. The view of
learning embodied in this “model” is that learning can be conceptualized as a contextually-
driven effort to make meaning in order to survive and prosper within the world; an effort
that is best viewed as a continuous, never-ending dialogue between the individual and his or
her physical and sociocultural environment. The Contextual Model of Learning portrays this
contextually-driven dialogue as the process/product of the interactions between an individu-
al’s (hypothetical) personal, socio-cultural and physical contexts over time. The key feature of
this framework is the emphasis on context; a framework for thinking about learning that has
also been emphasized by others (e.g. [14],[15],[16]).

Figure 1. The Contextual Model of Learning [0]
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The organization where we work, the Institute for Learning Innovation, a private American-
based not-for-profit learning research and development organization, has used this framework
as the basis for its investigations into the nature of learning and has committed its resources
to understanding learning from a Constructivist-Relativist perspective across a wide range of
educational settings, particularly free-choice learning environments like museums and librar-
ies. It turns out to be important that we designate the setting because the where and why
of learning does make a difference. Although it is probably true that at some fundamental,
neurological level, learning is learning, the best available evidence indicates that if you want to
understand learning at the level of individuals within the real world, learning does functionally
differ depending upon the conditions under which it occurs. Hence, learning in museums is
different than learning in schools by virtue of the unique nature of the museum and school
contexts; and at many important levels, learning in a museum in Athens is different than learn-
ing in a museum in New York City. Although the overall framework we are about to suggest
should work equally well across a wide range of learning situations, compulsory school-based
learning as well as museum-based free-choice learning, the specifics have to date only been
applied to museum contexts. In the final analysis, if you want to truly understand how, why
and what people learn in places like schools, museums or libraries, specificity is essential. There
is no simple, stripped down, a-contextual framework for understanding learning. Learning
is highly situated. Thus, for the remainder of this paper we will talk about learning within a
museum context.

4. Contextual Model of Learning

The personal context represents the sum total of personal and genetic history that an indi-
vidual carries with him/her into a learning situation. Building upon constructivist theoties of
learning, the influences of prior knowledge and experience on museum learning have been
widely described and documented ([8],[17],[18],[19],]20],[21]); so, too, the role of prior interest
(e.g [18],[22],[23],[24]). The exact nature of a visitor’s motivations, or “agenda”, for visiting
a museum has also been shown to significantly influence the visitor’s learning outcomes (e.g.
[25],]26],[27],[28]). More recently, it has been appreciated that the degree of choice and con-
trol over learning also affects visitor learning (e.g. [29],[30]). Thus, from the personal context
perspective, one should expect new learning to be scaled to the realities of an individual’s
motivations and expectations, which in the case of museums normally involve a brief, usu-
ally leisure-oriented, culturally-defined experience. One should expect learning to be highly
personal and strongly influenced by an individual’s past knowledge, interests and beliefs. One
should expect learning to be influenced by an individual’s desire to both select and control
his/her own learning.

Humans are extremely social creatures. We are all products of our culture and social relation-
ships ([31],[32]). Hence, one should expect museum learning to always be socio-culturally situ-
ated. Factors affecting learning have been hypothesized to include such large-scale influences
as the cultural value placed upon free-choice learning [31] as well as the cultural context of
the museum within society ([33],[34],[35]); although this is almost certainly true, empirical evi-
dence for these impacts are difficult to find. However, considerable research now exists which
shows that visitors to museums atre strongly influenced by the interactions and collaborations
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they have with individuals within their own social group ([36],[37],[38],[39]). Research has
also shown that the quality interactions with others outside the visitor’s own social group, for
example museum explainers, guides, demonstrators, performers or even other visitor groups
can make a profound difference in visitor learning ([40],[41],[42]).

Finally, learning always occurs within the physical environment, in fact is always a dialogue
with that physical environment [43]. Thus, one should expect visitors to museums to react
to the physical context of the museum itself; which includes both the large scale properties
of space, lighting and climate as well as the smaller scale aspects such as the exhibitions and
objects contained within. Since museums are typically free-choice learning settings, the experi-
ence is generally voluntary, non-sequential and highly reactive to what the setting affords [6].
As such, visitor learning has been shown to be strongly influenced by how successfully visitors
are able to orient within the space (e.g. [44],[45],[46],[47],[48]); being able to confidently navi-
gate within a complex three-dimensional environment turns out to be highly correlated with
what and how much an individual learns. Similarly, intellectual navigation, as supported by
quality advance organizers ([49],[50]) has been shown to affect visitor learning from museums.
Research has also shown that a myriad of architectural design factors such as lighting, crowd-
ing, color, sound and space subtly influence visitor learning ([44],[51],[52],[53]). Considerable
research has focused on the exhibitions and labels themselves since they are designed to be
the primary teaching tool within museums. Not surprisingly then, ample evidence exists that
exhibition design features influence learning, in particular the sequencing, positioning and
content of exhibitions and labels ([25],[54],[55]), as well as how many exhibit elements a visi-
tor attends to, and for how long ([56],[57]). Finally, less well documented, but theoretically
compelling is the expectation that learning from museums will not only rely on the confirma-
tion and enrichment of previously known intellectual constructs but will equally depend upon
what happens subsequently in the learner’s environment since learning is not an instantaneous
phenomenon, but rather a cumulative process of acquisition and consolidation ([58],[59],[60]).
Thus, experiences occurring after the visit frequently play an important role in determining,
in the long-term, what is actually “learned” in the museum. Recent longitudinal studies show
that the learning that results from a museum experience does change over time, and not always
just by declining ([22],[58],[60],[61],[62]).

The Contextual Model of Learning provides the large-scale framework with which to organ-
ize information on learning. Inside the framework hang the details. These details are myriad.
The total number of factors that directly and indirectly influence learning from museums
probably number in the hundreds, if not thousands. Some of these factors are apparent and
have been summarized previously (cf. [6]), others are either not apparent or are not currently
perceived by us to be important. After considering the findings from hundreds of research
studies including the ones cited above, twelve key factors, or more accurately suites of factors,
emerged as influential for museum learning experiences. These twelve factors are:

Personal Context
1. Visit motivation and expectations
2. Prior knowledge

3. Prior experiences
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4. Prior interests

5. Choice and control

Sociocultural Context
6. Within group social mediation

7. Mediation by others outside the immediate social group

Physical Context
8. Advance organizers

9. Orientation to the physical space
10. Architecture and large-scale environment

11. Design and exposure to exhibits and programs

Time

12. Subsequent reinforcing events and experiences outside the museum

Individually, and collectively, these twelve factors significantly contribute to the quality of a
museum experience. Although the relative importance of any one of these factors may vary
between particular visitors, when any of these twelve factors are not supported, meaning-
making is more difficult. Results from recent research [63] helped to demonstrate just how
complex are both the processes and products of learning from museums. The study sought
to answer two questions: 1) How do each of these variables individually contribute to learn-
ing outcomes? and 2) Does the Contextual Model of Learning provide a useful framework
for understanding learning from museums? A random sample of 217 adult visitors to a life
science exhibition at a major urban science center were investigated; visitors were interviewed
prior to and after their visit, were tracked and observed throughout the visit, and were again
interviewed nearly two years later. The data supported the contention that variables such as
prior knowledge, interest, motivation, choice and control, within and between group social
interaction, orientation, advance organizers, architecture, exhibition design and subsequent
reinforcing experiences affect visitor learning, Individually, all of these factors were shown
to significantly influence learning outcomes, but no single factor was capable of adequately
explaining visitor learning outcomes across all visitors. The framework provided by the
Contextual Model of Learning proved useful for understanding visitor learning because it
turned out that the only way to arrive at a reasonable explanation for why visitors did what
they did and learned what they learned was to consider each of these multiple factors simul-
taneously, rather than individually. As this study confirmed, learning from museums is an
exceedingly complex phenomenon requiring considerable effort and ingenuity to comprehend
and assess. We believe that this complexity equally applies to other learning situations and
that the framework provided by the Contextual Model of Learning represents a useful way to
investigate and understand that complexity. By no means does this framework answer all ques-
tions about learning, but it does help to shape what those questions might be. Which provides
theoretician and practitioner alike with a better foundation for supporting and understanding
the public’s learning needs.
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Abstract

This article summarizes the paper “The Impact of ICT on Education: the three opposed
paradigms, the lacking discourse”, written by Roni Aviram and Deborah Talmi [1]. In that
paper, the authors analyzed and mapped a large number of views on the computarisation of
education — as presented in recent papers, books and conferences proceedings, and identified
three clusters of approaches that differ on the most basic assumptions regarding the integra-
tion of ICT and education. These approaches are living “side by side” both in “the field” and
in more academic contexts, largely ignoring each other and not engaging in any meaningful
discussion. The authors claim that, given the very doubtful results of the “computerization
of education” up until now - such on going discussion is vital for any mindful and successful
policy in the future.

1. Introduction

Educationalists and experts hold one of three views about the integration of ICT and educa-
tion into three clusters of views. Despite a seemingly rich variety of views, they cluster into
three paradigms which reflect different starting points and perspectives. Here we present these
three paradigms, which we term - without hiding our biases - the Technocrat, the Reformist,
and the Holistic.
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1.- The Technocrat paradigm characterizes those who avoid any discussion about the nature
of ICT , its desirability or the extent school should or will change as a consequence of the
integration of ICT and education. They take the ICT revolution as given, unavoidable and as
consisting mainly of necessary instrumental and behaviorist changes (“working with comput-
ers or the Internet”), take schools as a given, ignore the issue of the desired or predicted results
of the “meeting” between the forces of ICT and education, and refer only to ‘technocratic
aims” as the proportion no of students to computer, or location of computers in schools or
the nature of connection to the Internet.

2.- The Reformist Paradigm characterize those who see ICT as a tool that can assist in
promoting the “right” didactics. The most fashionable buzzwords that are mentioned in this
context are: “interdisciplinary”, “constructivist”, “collaborative learning”. Adherents to this
view conceive ICT revolution as consisting of more than just new instruments and behaviors;
they rather take it to enhance a certain kind of attitude to knowledge and learning that sup-
ports constructive leaning (usually without feeling the need to sustain this view- in many cases
it is presented as an axiom).

3.- The Holistic paradigm characterize those that unlike the educationalists and writers
belonging to the previous two paradigms usually present an explicit set of assertions regarding
the socio-cultural situation and the defining impact ICT has on it (cultural approach). They
also have an opinion as to the desired values that should guide educational decision making
(ideological approach). Not only do they aspire to have comprehensive theories and clear
recommendations for the education system, they do not evade discussing the theories of their
rivals (unlike the two previous groups). Included in this group are those who start from the
cultural - ideological approaches. Their attitude is either conservative (e.g. Postman, 1995) or
radical and extreme radical (e.g. Aviram & Comay, 2000[2], ; Kristmundson et al., 2000(3]).

We called these three clusters of perspectives, mind-frames and the proposed or already-
implemented policies they entail towards ICT and education “paradigms” because they differ
on fundamental issues. To better understand the opposed views let us take a look below the
surface, to the suppositions each of these groups make about the worlds of ICT and educa-
tion. As we will see, their suppositions about these worlds are different and to large extent
contradictory.

2. Suppositions Uunderlying the Tthree Pparadigms

Concerning the world of ICT, the upholders of the three above paradigms give (mostly tacit)
opposed answers to the four following questions concerning the defining nature of the ICT
revolution, its predetermined nature, and its ethical value:

e Is the ICT revolution neutral, that is, does not influence our lives, or is it a defining
revolution?

e Is ICT revolution predetermined or can we influence it?
e Can the ICT revolution be judged ethically?

e If so-is it good or bad?

What are the views of the three emerging paradigms regarding the four above questions?
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2.1 The Technocrat paradigm: ICT as a technlogical ”progress”

The Technocratic paradimg is implicitly neutralist. Basically, Thechnocrats do not treat ser-
siously what other take to be definging influences of the ICT revolution (i.e. the way it is
redefining major aspects of our lives), and do not take ICT to have far-reaching impact on
who we are. Moreover, this paradigm is also implicitly determinist: its members perceive ICT
as a “necessary force” the educational system should adapt to, and the sooner the better.
They neither imagine that society could, if it so chooses, mold ICT according to its needs
and values, nor believe that the education system could channel the influences ICT holds in
store. To put it simplistically, they buy computers for schools because there are computers to
be bought and they are taken to represent “progress’ or what is “ in “ - without further ques-
tions or thoughts.

It is reasoanble to assume that adherents to this view give an implicit negative answer to the
third question (concerning our ability to ethically judge the ICT revolution), and that their
answer stems both from their determinisn and neutralism concernig ICT and their lack of
interest in questions of values and basic educational goals. Thus, Riffel and Levin (199[4]7)
conclude from their field study that ’technological imperatives (to have the latest, most pow-
erful computers available) overtake unclear educational objectives...the overall educational
focus of [‘the schools’] efforts remains unclear.”

2.2 The Reformist Paradigm : ICT as promoting constructivist didactics

The Reformists paradigm is based on an understanding of some aspect of the defining naure
of ICT, and it is therefore non-neutralist. It is also determinist: its adherents don’t think they
or anyone else can, or should, have a say concerning the general development of technology.
If there is notion of indetermisnim in this view it does not lie in its adherents’ understandign
of technology relationship to culture but rather in the educational use that can be made with
it. Many of them seem to believe that since technology is there, schools must learn to do
interesting and desirable things with it. They do ask themselves what educational purpose
ICT might and should serve; their answer is that ICT can be used to promote the desired
(constructivist) didactics.

From the above it follows that they do presuppose positive answers both to the third and
fourth questions. Basically, they too petcieve novel technologies to be “advancements”, and
therefore place an ethical judgement on ICT. Moreover, they find that ICT exerts a positive
influence, since it encourages constructivists tendencies, or may potentially do so. This view-
point is underlying the question posed by the editors of the SITES project report in the con-
cluding chapter - “Is our education measuring up with regard to its innovative potential?”[5].
(Pelgrum & Anderson, 1999)

2.3 The Holistic paradigm: ICT as redefining our culture and lives

The third paradigm, the Holists, is actually defined according to its non-Neutrality, as its
upholders treat ICT as a major defining force of culture. Its view is basically indeterminist,
although different holists might hold different kinds of indeterminism. Postman [6](1995)
believes it is impossible to preserve the good parts of “American cultural institutions and
heritage” while allowing uncontrolled technological development, and advocates a serious
discussion regarding the advantages and disadvantages of technology and the way it changes
our perception of the world. Aviram & Comay [2](2000) strive to form “strategies for the
channeling of the inevitable [ICT] revolution to socially and humanely beneficial directions”
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(italics in original). One can say that these are two different kinds of indeterminism: strong
indeterminism in Postman’s case — since his appeal for social discussion on the fundamentals
of the ICT revolution is implicitly based on the supposition that society could change those
fundamentals; and soft indeterminism in Aviram and Comay’s case — since here it is assumed
that the mere fundamentals are given, but it is possible to channel the processes based on
them.

Obviously, authors in this group do not evade the discussion of what the desired values of
education are. They then judge the ICT revolution in regard to these values -answering the
third question positively. As to their judgment, they vary from neutral to negative and positive.
Thus, Hermant de Callatay [7] (2000) states that “Technology will have to serve the educa-
tional purpose. It should not be the other way around”(- a rather neural judgment). Postman
believes ICT is harmful due to its influence on culture at large (Postman, 1992)[8] and on
education); While we believe it to have both positive and negative potentials and that its impact
on society and on education depends very much on the way we channel its introduction to
education [9](Aviram, 2000).

The differences between the three groups stand out in Tthe table 1, which summarizes their
presuppositions and the relationships amongst them.

TABLE 1: Suppositions

Holists Reformists Technocrats
Will the educational No Yes, with some modifica- | No opinion (positive
systen last in its present tion of the didactical | answer implied)
shape? aspects
Should the educational | Yes /| No Yes, with some modifica- | No opinion (positive
systent last? (depending on the values | tions answer implied)
of the specific writer)
Is the ICT revolution | Defining Defining Neutral
neutral or defining?
Is the ICT revolution | Non-determined Predetermined Predetermined
predetermined?
Can the ICT revolution | Yes Yes No opinion
be judged ethically?
Is ICT revolution good? | Yes /| No Yes No opinion (positive
depending on the values answer implied)
of the specific writer)
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3. Conclusion: Tthe Nneed for Rrational Ddiscourse

We have described the three general paradigms in the field of ICT and education, and showed
that there are substantial differences between the suppositions these paradigms make about
the worlds of ICT and education.

The most basic concepts of rationality and science entail that when there are three competing
theories in a scientific field, a discussion between their upholders is to be expected. The field
of ICT and education is a blatant anomaly when viewed in this light. Essentially, there is no
rational discourse between the different views about ICT’s introduction to education. Each
of the upholders of the three above paradigms takes a stance, either explicitly or implicitly,
but doesn’t seem to be aware and/or to cate about the existence of competing theoties. Most
authors, especially the Technocrats and Reformists, but to some extent the Holists as well, do
not have a meta-level perspective on the place of their view in the discourse, which is a cor-
nerstone of rationalistic-scientific conduct (see Aviram & Talmi [1], unpublished).

The question of the field’s development is not only theoretical, but obviously a very practical
one as well. The lack of rational discussion is true not only in regard to the theoretical debate;
it is even more correct concerning practice (and how could it be different if practicians don’t
have systematic theoretical debate to rely on?). Schools, districts, regions and countries develop
and implement ICT products and models of ICT based education, but due to the basic lack
of culture of rational discouse and rational development, in too many cases there are no clear
threads of ongoing improvement on existing models. As it is, everybody is reinventing the
wheel time and time again.

The different implementation policies stemming from the different views have an enormous
impact on the future of the educational system and the society at large. Given the history of
very ambivalent results (to say the least) in the productive introduction of ICT to education in
the last twenty years and the huge investments involved, we cannot afford to continue treating
this process in the shallow unmindful manner currently prevalent (we elaborate on this issue in
Aviram & Talmi, unpublished). It is vital that we look below the surface of the process of ICT
introduction to education, expose the fundaments of the different views that have guided this
process until now, and encourage an on-going rational and critical discussion among them. In
order to make well-founded implementation decisions in the field, we must initiate a rational
discourse between the different theories, and form a model for ICT-introduction that would
reflect the state-of-the-art in the field.
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Abstract

This article discusses visions of the future school as part of the objective in the EC-funded
project Schoolforesight. The material used is student essays from an international contest
in the framework of Schoolforesight. The participating students are from Bulgaria, Czech
Republic, Estonia, Greece and Rumania. Their task was to write about their vision of the
school 2020. Interviews with teachers from other countries about the future school and a
broader trend analysis of societal change were also used to contrast and complement the
picture. The most important aspect in the student essays was the stress on and need for an
interesting, encouraging and motivating school, providing relevant knowledge and a good
atmosphere between students and teachers. The school design could be categorised into three
groups: “The school as a big Arena”, The Virtual School” and “The technology enhanced
classroom”. In addition to these radically different types of schools, one could add “The
Ubiquitous Learning Environment” based on the development of wireless technology and an
increasingly mobile society. Whereas the students generally had an optimistic attitude towards
the future school and the use of technology (but there were also sceptics), the teacher inter-
views revealed a more concerned attitude. Some teachers feared that technology and media
will create lazier students, provide less depth knowledge and cause problems for students to
focus on the task. Other opinions were that technology would enable more creative and active
students and also enable a more individualistic approach in education.

1. Introduction and aim

The aim of the EC-funded project Schoolforesight is to popularize and disseminate innova-
tive school projects using information and communication technology in order to reach a
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broad audience in particular young students. A pool of more than 800 EC-funded school
projects was analysed and finally 22 projects were selected in the areas of Science, Language,
Collaborative Learning and Teaching, Art and Music, Geography, Culture and Personal/Social
Education Mathematics, History, and Mobile Learning, The projects selected and the proc-
ess of selection is described in another article [1]. But how is the future school perceived
by students? To provide an answer to this question an international essay competition was
conducted in five countries: Bulgaria, Czech Republic, Estonia, Greece and Rumania. The
students’ task was to write an essay about the school in 2020. First a national contest was held
and this was administered by Ellinogermaniki Agogi, Greece, S.C. IPA S.A. Rumania, Center
for Prospective Studies, Technical University of Sofia, Bulgaria, Alfa Omega Communications,
Hstonia and Gymnasium EX. Saldy in the Czech Republic. The three best essays were there-
after competing for an international prize. The committee selecting the winners consisted
of a group of teachers at Bladin’s School in Malmo, Sweden, Scott Hall at the Institute of
international education, Stockholm University and the author of this article.

The aim of this article is to discuss visions of the future school based on what the student
essays revealed but also to go beyond their ideas and provide a more holistic framework. The
broader purpose is to contribute to the discussion on the design of tomorrow’ education
— alternatives; hopes and fears, not only as perceived by students, but also by teachers. A minor
interview study was done in order to investigate the visions held by teachers as complementary
data. General trends and structural developments are taken into account when interpreting
the student essays and teacher interviews in order to provide the different scenarios for the
future of schools.

The material was analysed using a qualitative approach inspired by the school of grounded
theory, but not in the orthodox way of simply “letting data speak” [2-4]. Another methodo-
logical source of inspiration is the hermeneutic approach, a qualitative approach more focused
on interpretation and transcending the empirical data, “reading between lines” — focusing on
understanding, questioning and contexts.

2. The future school — four visions

It was surprising to find out that the essays first and foremost focused on meaningful and
motivating activities, basic values, and the relations with friends and teachers. The so called
“social capital” played an important role in the essays [5]. Social capital is about trust, social
relations and networks, aspects that are deemed essential in our society and increasingly so.
In fact many of the visions for the future related to this non-technological field could be
implemented already if the student’s voice was heard. The technological aspect was a second
theme. Before talking more about technology and its impact on school, its organisation and
the changing social relations, one need to remember the students’ principal point — school
activities must be interesting, challenging,, exciting, relevant and meaningful from the students
point of view, if not... all investments in technology in schools will be wasted.

Another surprise when reading the essays were that some student opinions could as well be
taken as workers opinions about a future paradise: one essay started with ...”” in the future
most pupils wish there was no school at all”, or stated that they wanted to start at 10 am and
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have Fridays off. Obviously students of today have mixed feelings for the current school. It is
not self evident that school must lock students in during day hours for years, there are reasons
for having them there, but also opportunities for a more flexible learning life in the same way
work life is developing,

The student visions as expressed in the essays could be grouped in three categories: “The
Arena school”, “The Virtual School” and “The Technology Enhanced ‘Classroom”. A fourth
complementary category could be added to these scenarios, “The Ubiquitous Learning
Mode”. The Arena school is characterized as a large, modern, high tech, all purpose school
building. The Arena school fulfils all pupils’ needs, physical, social, technical and educational.
There is a cinema, high quality restaurants and cafés, laboratories, science and computer equip-
ment, sports facilities. In this large school complex one meets friends and teachers and other
staff face to face. It is fun and exciting, In fact it seems to be the centre of life and every day
is a new adventure. Also off hours are spent in the facilities. Most essays expressed an Arena
vision. There were also some students expressing doubts about a highly technical school envi-
ronment, and one student even suggested a total rejection of it, a kind of “back to nature”
revolt in the spirit of Jean Jacques Rousseau [6].

“The virtual school” is the total opposite vision. In this scenario a physical school does not
exist. School enters home. From home the student interacts face to face (or maybe better:
“e-face to e-face”) with schoolmates and the teacher via large screens on the wall. There
is no commuting, no stress in the morning; in fact one can take part in the lessons via the
breakfast table. The student expressing this vision stressed the importance of synchronous
visual contact in order to “control” the children, who otherwise would try to get away with
things or do other activities. The school day was perceived as a “normal” school day, but
with all involved participating from a distance via transparent technology, “they appear to be
in the same room”. Most students mentioned the importance of physical activity, especially
since computer and screen interactions is a passive mode. The student writing about the vir-
tual school suggested that the real life interactions took place after home based lessons. All
students gather in the afternoon and evening in the local village or town in order to interact
socially and do sports activities. This approach is a kind of distance education, but focuses on
real time dialogues and the use of audiovisual technology available to all in their private homes.
The expensive school arena is not needed, but instead investments have to be done in private
homes. Gilly Salmon [7-8]Jamong others has stressed the importance of dialogues in online
courses as opposed to ready made content packages, but the technology in distance education
so far has been restricted mainly to text chat and asynchronous text via e-mails or forums. The
students envision a technology that enables a richer dialogue with face and body language in
addition to voice and integration of persons acting from multiple locations.

“The technology enhanced classroom” was another common vision among students. It is
simply the traditional classroom reinforced with technology: computers and Internet that
enables more independent studies, international cooperation and access to information from
a large variety of sources. Since some students who wrote the essays were participating from
schools that seem to lack computers for student use, it was a great vision to just get access to
a computer. In a European school context the resources are very different between countries
— in Sweden for instance all schools are equipped with computers and Internet access. But
some people think that it will not be desk or lap top computers in the future, but instead more
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developed mobile phones so called “smart phones” that include all types of information and
communication technologies. The student use of mobile phones, which already has a wide
range of extra functions such as cameras, sms, Internet access et cetera, is such a problem in
Swedish schools that national politicians discuss the issue and are considering giving teachers
legal means to confiscate them in order to restore discipline. Sweden invests the most in the
world in public education, but according to recent studies has severe problems with discipline
in the classroom [9].

The student essays uncovered three distinct different visions of the future school: The Arena
School, The Virtual School and the Technology Enhanced Classtoom. A fourth plausible
scenario of the future school could be: “The Ubiquitous learning mode”. This vision is learn-
ing via the availability of information and communication opportunities everywhere. The
availability happens all the time via wireless high speed broad band networks. We can imagine
small portable devices, but increasingly the needed equipment is built into the environment it
self: in cars, in trains, at airports, hotels, restaurants et cetera. In Sweden wireless Internet is
for instance already available at a certain hamburger chain covering the country. This means
that “the classroom”, if that is the suitable term, can be anywhere and also that learning can
take place in a life long and autonomous fashion in a totally new way. Even the most remote
areas can now be reached via satellite and the infrastructure is quickly improving, “The dig-
ital generation” who knows no world without computers will be used to this “language and
culture” in a totally different way than the generation born before the computer age. Marc
Prensky even suggests that their brains are structured differently because of their intense use
of videogames and because the logics in the digital world completely differs from the logics
in the print world [10].

3. Teachers’ fears and hopes

A group of teachers from England, Greece, Italy, Portugal, Spain and Sweden was asked to
write down keywords signifying the future school in their opinion and to explain and discuss
the keywords. The keywords are categorised and abstracted into the general concepts shown
in the table below. As we can see there is a concern among teachers that media and technol-
ogy development might create lazy and passive students, having problems to focus on deep
learning, Commercialisation will force school to be more adapted to work life and less to
“academic” learning, Less funding for education and lower teacher salaries in public systems
is another perceived threat.

On the other hand some teachers were more optimistic (and in many cases one individual sug-
gested both scenarios). The promises for the future according to the teachers was the ability to
tailor school more to individual needs, to use the creativity and producer tools to make more
meaningful learning activities and to use media in an entertaining and engaging way with a
learning content. The risks and promises with new technology in education are discussed by
Burbules and Callister among others, they emphasize the need for students to develop critical
thinking when using Internet material [12].
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Table. School of tomorrow: Teachers’ hopes and fears

Hopes Fears

Active students Lazgy students

Creators Consumers

Entertainment: learning Entertainment: stupidity

Focused: Homo Sapiens Unable to focus: “Homo Zap ‘iens”
Individual needs Mass approach

Humanistic Commercial

One teacher suggested that the future school could be summarized with a number of words
starting with “inter”:
* Interconnectivity. Everything is connected: school and work life, school and home.
Media and communication channels: TV, phones, computers et cetera. See Pavlik and
MclIntosh on media convergence [11].

* Interactivity between students and students, students and teachers, teachers and par-
ents et cetera

* Internet. More and more of our communication and information is carried by the
Internet, for schools: homework, digital libraries, schedules to mention just some
applications.

* International. Our world is increasingly international, locally — more immigrants and
people with different cultural background in the local schools — and our ability and
need to interact with the wider world.

e Interdependence, In this increasingly international world we are more and more
dependent on each other and events even in remote areas can quickly affect our lives.
The issues for example about environment, security, health are not something we can
handle alone anymore.

* Interdisciplinary. The merging of old scientific disciplines to new fields of knowledge
is constantly taking place. Problem solving is in focus and in order to solve a problem
today one need skills and knowledge from a wide variety of disciplines.

4. Conclusions

The students from Bulgaria, Estonia, Greece, Rumania and the Czech Republic provided
visions of the future school that could be categorized as “The Arena school”, the big modern
super structure providing all one could ask for, “The Virtual School”, the digital appearance
of teacher and schoolmates in ones home and “The Technology Enhanced ‘Classroom”, the
traditional classroom updated and modified with learning technologies. In addition to these
alternatives we added the “Ubiquitous learning mode”, enabling studies and learning both
formal and informal in all settings and in a lifelong perspective. Well, which one is the future?
...Maybe all? There are more to be considered than pedagogies and technology when fore-
casting the future school, economy: more or less funding to education? Social organisation
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— is it possible to let all young kids loose outside the classroom? But one thing is for sure, the
future school will be radically different from what we have been used to and not the least the
“digital generation” growing up today will be a powerful change agent. In this article we have
investigated some of their visions, but tomorrow they create the reality.
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Science, whatever be its ultimate developments, has its origin in techniques, in arts and crafls. ..

Stcience arises in contact with things, it is dependent on the evidence of the senses, and however far it seems to
move from them, must alhvays come back to them.

B.Farrington,Greek Science, 1949

Abstract

What will science classrooms be like in the year 2020? How will teachers help all students to
acquire skills, reasoning abilities, knowledge and attitudes that help them function in the 21st
century? National efforts to reform the science curriculum provide guidelines that call for
(a) integration of science with mathematics and other disciplines, (b) more time devoted to
inquiry and long-term projects, (c) more group work and cooperative learning, (d) effective
application of advanced tools such as graphing calculators and microcomputer-based labora-
tories, and (e) realistic assessment tied to non-academic outcomes. This paper argues that
current reform guidelines will result in classrooms that are more exciting places to learn and
apply science.

1. Introduction

Step into a time machine and move forward fifteen years to the year 2020. What will high
school science classrooms look like? What have we learned about ways to teach science? How
will we apply what we have learned about teaching and learning to help adolescents prepare
for their lives in the Information Society? Will science learning environments be enhanced by
effective use of new tools? Will students be motivated to achieve better? Will science teachers
be more competent at their jobs? Will classroom environments promote outcomes like proc-
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ess skills, problem-solving abilities, teamwork, stronger self-concepts, career goals that include
science, and transfer of knowledge to novel situations? What will be different and what will
look the same in 2020?

Science teaching in schools and in higher education is an important issue related to the
Lisbon and Barcelona goals, part of which is to overcome Europe’s shortage of scientists and
researchers: According to a report of a ‘High Level Group on Human Resources for Science
and Technology in Europe’, published in April 2004, Europe needs 700.000 researchers more
in order to accomplish these goals. The report emphasizes that more students should be
encouraged to choose scientific disciplines at university that lead to a future career in science.
Therefore, school science teaching needs to become more engaging. It should be based on
more hands-on experience and designed to meet the interests of young people. Powerful new
technologies promise to transform education and training in ways previously unimaginable.
Rapid advancements in educational technologies in the years ahead could enable new learning
environments using simulations, visualizations, immersive environments, game playing, intel-
ligent tutors and avatars, reusable building blocks of content, address distributed communities
of learners, and many more. There are many challenges in the process of educational inno-
vation that must be addressed in order to take advantage of these technologies to improve
learning, Advanced technologies developed to meet other purposes must be translated into
affordable tools for learners to use. Technical standards must be deployed to help guide the
development of educational content that will be drawn from countless sources throughout
the world. The technology community has to form stronger partnerships with the educational
community. The educational institutions need to prepare for rapid technological change.

2. Pedagogical Considerations

Our working hypothesis is that amending the traditional scientific methodology for experi-
mentation with visualization applications and model building tools will help students and
learners in general to articulate their mental models, make better predictions, and reflect more
effectively [1]. Additionally, working to reconcile the gaps and inconsistencies within their
mental models, system models, predictions and results, will provide the learners with a pow-
erful, explicit representation of their misconceptions and a means to repair them. Everyday
experience suggests that students are eager to learn in informal settings such as excursions to
museums and science centres. This positive attitude is believed to have two main roots: The
freedom of leaving the formal setting of the classroom and the students’ positive motivation
towards informal learning beyond the school to a real life setting where contextual knowl-
edge occurs. In order to achieve the best results from informal education one has to take
advantage of the motivating effects of freedom and physical context. Our approach aims
to bridge this divide, introducing new technologies and activities that fluidly link the use of
physical materials with digital technology in creative inquiry and inventive exploration. Our
aim is to demonstrate an innovative approach that crosscuts the boundaries between schools,
museums, research centers and science thematic parks and involves students and teachers in
extended episodes of playful learning. In most science-education settings, there is a sharp
division between the physical and the virtual. Our work aims at developing, testing and eval-
uating learning schemes that will be implemented on ambient, always available educational
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environment developed upon emerging technology in order to facilitate in-situ learning, by

maximizing the impact of information that is provided when the motivation of the student
is highest.
Our working hypothesis is putting emphasis on the following factors:

Science for All Students: Every student, not just the intellectual elite and college
bound, can and should master the elements of scientific literacy. This term is usually
defined as the ability to recognize and apply a rational approach to understanding the
world, which has explanations for its behavior, and can be manipulated for human
benefit. Citizens who are scientifically literate can discuss and make wise personal
decisions about problems arising from acid rainfall, global warming, AIDS, increas-
ing human population, decreasing energy and mineral resources, etc. Science-literate
citizens believe that these problems are subject to rational solutions. They understand
both the potential benefits and hazards of applied science and technology. Because
all citizens will be taxpayers and voters and will make decisions every day that affect
the aggregate societal welfare, it follows that all students should prepare for this
responsibility by becoming familiar with science and technology as a tool for impact-
ing the public, cither for good or for ill. Personal actions that result in household and
automobile fuel consumption, number of children born into a family, contributions
to the waste stream, recycling, etc., add up to significant impacts on the planetary
welfare. Taxpayer referenda that establish priorities for funding the technical costs of
addressing these problems will be decided by how well schools have done their job of
educating all students about the potential of science to “fix” our world. Government
funding for research and development efforts in space, medicine, sub-atomic particles,
global climate modeling, and other expensive human efforts will be available only if
congtess and vocal citizens believe in its merits. Some of today’s teenagers may be
elected to congress; or others may find themselves in positions to make critical deci-
sions; all need to know how to be responsible adults; schools must assure science lit-
eracy for all students. This push for universal scientific literacy has large implications
for changes in science classrooms. If we need to provide science for larger numbers
of students, we will need more science teachers. To integrate science with other sub-
jects, we will blur the boundaries in the curriculum and require better communication
and planning among teachers. To include physically and mentally challenged students
in science, we will need to show teachers how this can be done and convince them that
it is desirable. More minorities and females will need to see optional science courses
as essential to their future plans. Multicultural role-models of both genders need to
be shown as successful students of science many of whom are choosing science
careers.

The Curriculum and Time Schedules: A greater emphasis on interrelationships,
traditionally termed “ecology,” will be found in the curriculum of the future. Predator-
prey relationships, food chains, requirements for species survival, population dynam-
ics, and the effect of humans on the ecosystem will be used as themes for integrated
science. Teams of students will debate the global impacts of human consumption
and waste management on other species. Loss of habitat and consequent pressure on
animal and plant survival will be examined. Teachers will need help as they work more
outside the textbook in a dynamic curriculum. This will mean electronic networking
through the Internet and local re-education through in-service workshops. Universities
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and local education agencies will play a more active role in teacher support. Finding
ways to encourage more active student participation in learning will challenge all
the stakeholders in science education. Currently, science classes in most schools are
interrupted by scheduled bells at 40-45-minute intervals. Teachers are surely the only
professionals who must perform their job within such arbitrary time blocks. Despite
their need to set up, conduct and clear away laboratories and demonstrations, science
teachers are allocated the same time as shop, gym, or algebra teachers. Schools in 2020
will have alternatives that offer extended time for science learning. Blocks of time
will exceed the traditional 45 minute class hour, allowing science teachers to perform
laboratory experiments and demonstrations with their students, to examine the result-
ing implications, and to explore the extensions of thinking that should follow. In place
of the traditional series of six, 45minute classes, future schools will offer modular
schedules, with a full year of credit offered for a semester of these double-long class
periods. Such schedules will provide science teachers with opportunities to extend
project work, field trips, and inquiry learning, There will be a distinction between allo-
cated time and actual academic learning time. Non-academic disruptions of academic
time will be reduced to maximize time on task. Schedules for science classes will be
adjusted in response to questions like: How much can be “covered” in the allocated
time?; Does “seat time” imply meaningful learning?; Do Carnegie units indicate real
conceptual understanding and mastery of skills that are useful in the world outside the
classroom? Exploring fewer topics in greater depth and for longer daily class periods
will be the earmark of future science classrooms. This issue is explored in a report
issued by the National Education Commission on Time and Learning [2]. The report
offers eight recommendations for reinventing the school schedule to provide more
time for student academic learning;

Table 1 contrasts traditional science curriculum practices with those recommended by new
national guidelines from AAAS and the NAS. It is taken from the Science for All Students:
The Florida Pre K-12 Science Curriculum Framework [3].
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Table 1:
Comparison of Traditional and Recommended Practices in Science Instruction
Traditional Recommended
Stience for some Science for all

Behaviorist based

Constructivist based

Behavioral objectives - learning
is based on measurable bebaviors

Conceptual objectives - learning is
based on constructing meaningful concepts/ learning

Text based

Hands-on/ Minds-on

Passive Active

Confirmatory investigation Problem solving investigation
Fact oriented Concept oriented

Teacher demonstrations Labs/ Field experiences

Science is seen as a single subject with little rela-
tionship to mathematics, social studies, langnage
arts, art, or muusic

Science is seen as part of an interdisciplinary world;
emphasis is on relating science to the students’ world,
which is not compartmentalized
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The teacher imparts knowledge and students learn
it; communication is learning generally one way

The teacher is a facilitator of and a learner as well;
students are learners and teachers in some situations;
networks emerge instead of one-way forms of com-
munication

Limited use of technology

Full integration of appropriate technology in instrue-
tion

Exclusive use of pencil and paper assessment
disconnected from instruction

Multidimensional assessment; assessment integrated
with instruction

Competitive learning

Cooperative learning

Single excposure

Spiral curriculum

Many science topics covered with little depth

Few science topics covered with more depth

- Integrated Science: Science classrooms of the next decade will no longer separate
subject matter by grade level. They will not dictate that all graders must take biology
to the exclusion of the physical and earth/space sciences. Mathematics will become
a central component of all science classes. Other school subjects will also find their
place in science classes. Furthermore, science is to be part of a larger tapestry of all
school subjects, especially mathematics, language arts, and social studies. This implies
a need for students to think horizontally and to apply knowledge and skills in science
that they have learned in other subjects. This also points to a need for teachers to work
together in teams to plan and execute a curriculum based on common themes, com-
munication, social needs, and mathematical tools. Examples include exploration of
energy conversions, and what fossil fuel combustion means to our culture. Students
would write about this, interview power plant employees, learn to read electric meters
and calculate electric bills, examine rate structutes and interview utility Boatrds of
Directors, and study the laws of thermodynamics. A wide variety of subject matter
would be explored during several days or even weeks of study. Bringing informa-
tion into class discussions would be expected of each student. Students will use the
Internet to discover resources and others’ ideas in reaction to their own. Informal
learning in museums and nature centers will enrich classroom science. Concrete,
manipulative materials that exercise students’ thinking in force and motion will be a
prelude to later, more abstract study of friction, vectors, and Newton’s laws. Seniors
will be better prepared for calculus-based physics if they have been guided in explor-
ing physics concepts in earlier grades. A good example of an integrated science
curriculum is the program developed at the University of Alabama by Star Bloom
and Larry Rainey for use throughout the state of Alabama [4]. This middle school
curriculum consists of (a) weekly telecasts featuring scientists, students, and teachers
engaging in activities that focus on the topic of the week; (b) classroom cooperative
group activities emphasizing hands-on encounters with real world problems; and (c)
student handbooks with additional background material that relates science to every-
day events in student environments.

- Group Learning: The real world rarely puts people in isolation and asks them to
come up with solutions without consulting others. Schools are finally moving toward
cooperative learning groups in science classes. Three or four students of mixed ability
are each assigned unique tasks within the team and helped to master the social skills
required by these tasks. Just as athletic teams succeed when the entire team functions
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well, so science learning proceeds best when each team member feels responsible
for the success of both individuals and the group. Typical roles in cooperative teams
include (a) the questioner, who asks what is known, what needed information is miss-
ing, how to proceed to obtain what is needed to solve the problem, and how certain
the team is of its conclusions; (b) the record keeper, who maintains a written summary
of what has been given, what has been acquired, graphs, tables, and preliminary con-
clusions; (c) the materials organizer, who sees that calculators, lab equipment, supplies
are at hand and put away when they are no longer needed.

Assessment: In the movie, “Apollo 13,” the ground crew and astronauts were
required to come up with solutions to a series of unrehearsed problems by apply-
ing science, engineering and common sense to their situation. They worked out their
problems by breaking out of the mold; they could not check the “right answer” in the
back of the book. Their success is a tribute to scientific problem-solving, and may rep-
resent a high water mark in technical education. There is a wealth of data to indicate
that a generation of our science students are losing this ability to solve open-ended
problems by inventing solutions. This points to a need to change the way we teach
and learn science. Because the way we assess outcomes in science classes tends to
drive the way we teach it, the classroom of the future will evaluate realistic situations
that require application of science concepts, principles and theories. Assessment of
student outcomes in science will be imbedded in a realistic framework so that students
are not merely provided prompts and expected to pick the “best” answer from a set
of multiple-choice options, or to choose the “best match” from a set of related terms,
or to indicate whether a statement is true or false. In the real world, careers provide a
series of inputs (givens) and require a creative application of theories and principles
to derive a solution that makes sense in the context of the problem. There are not
many employment opportunities for high school graduates whose problem-solving
skills are limited to completing worksheets and turning them in for grading. Therefore,
assessment will be imbedded in realistic situations that can be found outside the class-
room. Assessment can easily be made a part of classroom activities based on realistic
simulations. Students will be invited to take a more active role in determining what
they know and do in science learning environments. Concept and skill self-inventories
will be administered to students at the beginning of new units. In completing such
inventories, students will encounter new as well as familiar terms and ideas, and see
a preview of what they are expected to know at the end of the unit. Use of concept
mapping, Venn diagrams, analysis of research reports, and Vee diagrams will help
teachers and students evaluate science learning. Students will be expected to maintain
portfolios that contain evidence of their skills, the quality of their writing, reflective
thoughts on their personal strengths and weaknesses, and goals. A few states such as
Vermont are already moving toward portfolio assessment for all students. While this
type of assessment requires more time than machine scoring a multiple-choice test,
it provides a richer record of students’ abilities. It also places responsibility on stu-
dents to examine their progress over time and to take pride in personal growth. New
national standards and benchmarks require that students be placed in situations where
they are given parameters of a problem and invited to propose solutions. Students are
now expected to do more than respond to pre-written prompts on tests. The real test
of America’s skills is how well we can apply our knowledge of science and technology
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to raw materials so that value is added and the resulting product can be sold competi-
tively in the world market. For this question there are no answers in the back of the

book!

Table 2 provides a summary of changes in assessment of science classroom learning [5].

Table 2:
Predicted Trends in Measurement and Evaluation of Science Instruction

From

To

Primarily group administered tests

A variety of administrative formats including large
gronps, small groups, and individuals.

Primarily pencil and paper fests

A variety of test formats including pictorial, labo-
ratory performance and computer-aided tests and
observations/ discussions/ interviews.

Primarily end-of-conrse summative assessment

A variety of pretest, diagnostic, and formative types
of measurements.

Primarily measurement of low-level cognitive
ontconses

Inclusion of higher level cognitive ontcomes (analysis,
evaluation, critical thinking).

Primarily assessments of cognitive ontcomes

Inclusion of measurement of affective(attitudes, inter-
ests, and values) andpsychomotor outcomes (observing,
manipulating, et.).

Primarily norm-referenced achievement testing and
grading

Inclusion of more criterion -referenced assessment,
mastery testing, and selfand peer evaluation.

Primarily measurement of facts and principles
of science

Inclusion of objectives related to the processes of sci-
ence, the nature of science, and the interrelationship
of science, technology, and society.

Primarily measurement of student achievement

Inclusion of measuring the effects of programs, cur-
ricula, and teaching techniques.

Primarily teacher-made fests

Combined use of teacher-made fests, standardiged
tests, research instruments, and items from collections
assembled by teachers, national and international
projects, and other sources.

Primarily concerned with total test scores

Interest in sub-test performance, item difficulty and
discrimination, all aided by mechanical and compu-
terized facilities.

Primarily a one-dimensional format of evalnation
(e.g. a numerical or letter grade

A multidimensional system of reporting student
progress with respect to such variables as concepts,
processes, laboratory procedures, classroom discussion,
and problem-solving skills.

Primarily concerned with what students know or
don’t know

Special attention to student preconceptions, misconcep-
tions, and alternative exploration.

Primarily assessing isolated bits of information
or skills

Emphasis on the “whole,” such as solving problems,
investigation, concept maps, and embedded activities.
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Primarily verbal tasks Inclusion of tasks with data tables, graphs, charts,
and skelches.

Primarily tests requiring student selection or choice | Inclusion of tests which require student performance,

of answers 10 include projects, reports, and portfolios.

3. The role of the New Tools

Technology will offer exciting new options for science teachers and their students. Links to
high-speed microcomputers will open a wide variety of channels to meet almost every learning
style. Virtual and Augmented reality is already being tested in secondary school science class-
rooms. Three-dimensional projections of simulated reality will become more common as tools
to help students “experience” space, time and motion in controlled states. Thus, a student can
simulate weightlessness, or friction-free motion, or an Earth-centered universe as easily as
opening a window. Trying out these environments in virtual reality will make facilitate learning
and make group and class discussions more much more interesting. Students will use personal
“think-pads” to do calculations, obtain tutoring help, and keep up with schedules. Graphical
display panels will be built into classroom walls, and used to show high-resolution colour video
sequences that are keyed to textbooks and curricular guides. Overhead projectors will be fitted
with liquid crystal display panels that connect with classroom computers to make a “dynamic
chalkboard” for the classroom. Static and dynamic visuals will be available on videodisk for
science teachers to use to show single- or multiple-concept topics. Three-dimensional displays
will allow rich discussions of physiology, collisions in space, and molecular geometry. These
displays will make it possible for science classes to take field trips to any location on the planet
and examine plants and animals there.

The microcomputer-based laboratory will be expanded from its current state of monitoring
temperature, light intensity, pH, and motion. To these parameters will be added new vari-
ables, such as population of humans on Earth, metabolic rate of selected students, location
and direction of hurricanes, historical frequency and location of earthquakes, somatic cel-
lular activity, solar flux onto the school, and many others. Current events will be exhibited in
new ways that facilitate better understanding and learning. The science textbook will change.
Universal bar codes on each page will allow students and teachers to use bar-code readers to
access videodisk sequences that make each page come alive. Textbook publishers will provide
computer programs to accompany each major topic. Hypertext and multimedia materials
will make true self-paced learning possible for all students. Self-help features will mean that
students can receive assistance without depending as much on the teacher. Role models will
include all gender and ethnic groups. Each chapter will have imbedded assessment activities
for individual students, small groups, and whole class testing. Toll-free numbers to publisher
hot-lines will allow teachers to request customized tests over any topic from large banks of
questions, many of which embody higher levels of thinking,
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Figure 1: The advanced learning environments are expected to provide access to the scientific and cultural herit-
age resources (museums, science centres, research laboratories, collections and more) that will gualitative npgrade
teaching and learning (formal and informal) in the school of the future.

In a decade or two, three complementary interfaces will shape how students learn:

The familiar “world to the desk top” interface, providing access to distant experts and
archives, enabling collaborations, mentoring relationships, and virtual communities-
of-practice. This interface is evolving through initiatives such as Internet2.

Interfaces for “ubiquitous computing” in which portable wireless devices infuse vit-
tual resources as we move through the real world. The early stages of “augmented
reality” interfaces are characterized by research on the role of “smart objects” and
“intelligent contexts” in learning and doing,
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Data collection with an The graphical user-interface is plotting data on a graph,
axion (accelerometer - GPS) creating a mathematical model to fit the data and relate
embedded in a ball the graph with the motions of the axions

Figure 2: Lab of Tomorrow “Kick Life into classroom”: Playing with a “smart” ball with embed-

ded sensors gathering and manipulating experimental data of real life activities. One of the most
successful examples of the role of “smart objects” in science learning.
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- “Alice-in-Wonderland” multi-user virtual environments interfaces, in which partici-
pants’ avatars interact with computer-based agents and digital artefacts in virtual con-
texts. The initial stages of studies on shared virtual environments are characterized by

advances in Internet games and work in virtual reality.

Figure 3: Lab@yfuture’s approach for teaching geometry through angmented reality applications.

4. Towards the science classroom of the school of tomorrow

We should point to a future hybrid classroom that builds on the strengths of formal and
informal teaching and learning strategies in ways that can support learning of all students. Our
vision for the school of the future is that it will not be an island, a self-contained campus, a
counter-world. The school of the future will be able to emit and absorb along different wave-
lengths, be immersed in contemporary culture, be open to the emotions, facts and news of
its time. It will be permeated by society, but not unprotected: the relationship between school
and society will be one of osmosis, where the advanced pedagogical tools filter, guide, and
act as a membrane and interface. Look into a science classroom of the year 2020. Instead of
seats arranged in rows and columns, you will find students sitting in a circle or in pods as they
discuss whole class or small group topics. Computers will be available, equipped with modems
to link the classroom with the Internet. Videodisc and videotape equipment will be used for
viewing linear and random access sequences. Live animals, models, simulations, and collections
of student work will be a part of the scenery. An open-door policy will invite visitors to join
for observation or participation. Use of outside resources such as museums, nature centers,
state and national parks will enrich the curriculum. The day will begin with teachers meeting
together for team planning on how groups of students will move through the day. There will
be less dependence on bells to dictate the daily schedule. Textbooks will be used as reference
sources for information, but will not be the sole or even primary source. Access to electroni-
cally-stored information will be easy. Compact discs and remote databases available on the
Internet will offer students and teachers current data on global and local systems. Assessment
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will be ongoing, and built into small-group discussions. For a period of weeks, the whole class
will deal with themes like matter and energy, force and motion, patterns and change. More
emphasis will be placed on current events, with television broadcasts used to augment class
discussions. Students will end the school day at different times and with less enthusiasm than
in the past. Project work, team cooperation, higher levels of inquiry, and the stimulation of
interactive technology will raise the motivation of students to apply science in their own cogni-
tive world. Dinner table conversations and talk in school hallways will include more science.
This will increase the scientific literacy of high school students, and contribute to our skills
in the world economy. We have applied science and technology to adapt our environment.
Every generation must redefine the future and relearn the values, tools, and principles that will
influence it. We have the tools and the principles have not changed. It is the values that we
struggle with. The scenarios above are images of plausible futures that depict how applying
these interfaces might reshape teaching, learning, and the organization of educational institu-
tions. The objective of these scenarios is not to detail blueprints of an unalterable future,
but instead to show the range of possibilities enabled by emerging interactive media and the
consequences-desirable and undesirable-that may flow from their application in pre-college
and higher education settings. Such visions suggest decisions that researchers should make
today to explore the potential of these technologies while minimizing unintended and negative
outcomes of their use.
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Abstract

1. Introduction

There is a quiet educational revolution going on worldwide. Societies are rapidly becoming
nations of life-long learners supported by a vast infrastructure of learning organizations.
However, the centers of this learning revolution are not the traditional educational estab-
lishments of schools and universities, but rather a vast network of organizations and media
(museums, libraries, television, film, books, and increasingly the Internet), as well as the work-

place ([1],[2], [3])-

Science and technology learning is an important part of this educational shift. People engage
in science and technology learning every day, across their life spans—at home, at work and
out in the world. As we strive to foster interest, knowledge and understanding about science
and technology worldwide, we need to be aware of the vast number of ways, ages and places
in which a person learns across their lifetime. For, as societies become increasingly Learning
Societies, the traditional boundaries and roles that have distinguished various groups of sci-
ence educators is disappearing, In the 21st Century, free-choice learning institutions such as
museums, the Internet and broadcast media, as well as the work place with its increasingly
dynamic and changing landscape, are assuming an ever more prominent role in providing the
public with science and technology learning opportunities. All of these represent important,
in fact we would suggest, essential ways that people learn and most importantly, contextualize
their science knowledge and understanding throughout their lifetimes. If as science educators
in the 21st Century we truly want to move beyond the rhetoric of supporting lifelong science
learning, it is critical that we recognize, understand and learn how to facilitate free-choice and
workplace learning as powerful vehicles for lifelong science and technology learning. This
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should not be a nicety, or a supplement to the science and technology learning engaged in
at school and the university, but as an equally essential component of lifelong science and
technology learning. To not understand and embrace these two additional sectors as valuable
players in the science and technology learning infrastructure of a community is to seriously
impede our ability to enhance science learning wotldwide for both school-age children and
citizens of all ages.

There is a tremendous need for this shift in mind set. Although there is a great deal of
discussion about improving the quality of science and technology education worldwide, the
solutions suggested, cither implicitly or explicitly, all seem to focus on schooling and teaching.
In this changing world we would argue that we also need to recognize free-choice learning
entities (museums, science centers, broadcast and print media, libraries and community-based
organizations) and the workplace as important contributors to science and technology learn-
ing, playing an equally important role as schools and universities. It is also important to involve
the science and technology educators choosing to “teach and facilitate” in free-choice and
workplace settings as equally respected colleagues engaged in educational reform.

We and our colleagues at the Institute for Learning Innovation, a not-for-profit research insti-
tute based in Annapolis, MD, USA, with a mission of understanding, facilitating and advocat-
ing for free-choice learning, believe there is a unique opportunity to be leaders in this arena, as
well as agents of change for future generations, introducing innovative models of science and
technology learning to individuals, groups and society across people’s lifetimes. How can we
suggest you play a leadership role in “Tomorrow’s Science and Technology Learning Society”
through free-choice and workplace learning and what are the implications for the School of
Tomorrow? This paper will attempt to answer those questions by focusing on the three fol-
lowing objectives:

1) Describe this learning revolution in more detail, suggesting the potential role it can
play educationally in societies around the world;

2) Demonstrate the need for an infrastructure of education and research that supports
the facilitation of all types of science and technology learning and share some initial
leadership efforts; and,

3) Describe the implications for the School of Tomorrow and encourage you to play an
advocacy role within the science and technology education community with fellow
educators and researchers, and most importantly, with administrators and politicians,
by more cleatly identifying and describing the vast number of ways and places in
which people of all ages learn about science and technology.

2. The Learning Revolution

As world societies transition from being industrial to knowledge-based, learning across the
lifespan becomes ever more important. Children and adults are spending more and more of
their time learning, not just in classrooms, but on the job and through free-choice learning
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at home, after work and on weekends. We learn continuously, from many different sources,
and in many different ways. There are three main places in a society where this learning is
centered--schools and universities, the workplace, and the free-choice learning sector. All three
are important; all three are essential for lifelong learning,

Formal education is the centerpiece of most societies” current educational efforts. Schooling
provides a foundation for the development of basic skills and introduces students to new
realms of knowledge and higher education (universities, trade schools, etc.) offer opportu-
nities for students to become specialists in a field of their choosing. But formal education
alone is not sufficient to educate Tomorrow’s Learning Society. After all, less than 3% of our
lifetime is spent in formal instruction and children spend 85% of their waking hours outside
of school, either in informal settings like museums, zoos & libraries or in everyday settings
such as home [3].

In addition to schooling there is also a need for career-directed learning. The workplace is
where we learn the skills and abilities necessary to do productive work, and in the process
earn the income we need to sustain our lives. And adults in the workplace are increasingly
learning more and more about science and technology. As workplaces continue to automate
and embrace new cutting edge technologies, the ability to learn and adapt to new situations is
crucial. Employers can no longer predict the skill sets they will need in their work forces, but
instead are seeking staff members who are adaptable and able to learn new skills.

In turn, corporations are appreciating the role that personal growth and learning plays in sup-
porting a self-fulfilled and creative staff. For instance, Kazuo Inamori, founder and president
of Kyocera, a world leader in advanced ceramics technology, is one of a small number of
organizational leaders recognizing the importance of individual and team learning, It is his
belief that if his employees themselves are not motivated to grow and develop technologi-
cally, there is no way that the organization can grow intellectually, productivity-wise or develop
further technologically. He teaches his employees to “look inward as they continually strive
for perfection and the corporation provides a multitude of opportunities for personal and
spiritual growth, even allowing meditation time during the workday.

In addition to schooling and workplace learning, there is also a need for free-choice learning,
where people are provided an opportunity to explore thousands of science and technology
topics, whether shallowly or deeply, occasionally or frequently, to find out more about what
is useful, compelling or just plain interesting to them. Free-choice learning, learning which is
guided by a person’s needs and interests and which people engage in throughout their lives
is one of the areas of most rapid expansion. From the birth of the Internet to the prolifera-
tion of educational programming offered by IMAX, educational television, and museums,
there are more opportunities for self-directed learning than ever before, much of this science
and technology-related. In a typical day, a person might surf the Internet in a local library to
track down information about arthritis, attend an amateur astronomy club meeting, watch a
nature documentary on television or interact with exhibitions on robotics at the local science
centet.

Ideally of course, these educational sectors are not isolated but fully integrated into a perva-
sive and accessible network for citizens of all ages, including, but not limited to, school-age
children and those in the university and trade schools. To demonstrate the importance of this
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network of learning resources, John Falk and colleagues at the Institute launched an investiga-
tion to help determine how, when, where and why people learn about science and technology
[4]. To do this they conducted two large scale strategically sampled telephone surveys. In each
study, they randomly called hundreds of Los Angeles residents (close to two thousand in all)
in five representative communities in the Los Angeles area and asked them questions about
their science and technology knowledge. These were average folks--some were poor, some
were affluent, some had graduate degrees, some had not completed high school. Represented
were young and old individuals of virtually every imaginable race, ethnicity and background.
They asked these people if they were interested in science and technology--overwhelmingly
they said they were. Interest in science and technology seemed to be universal, true of virtually
all individuals, regardless of education, race, ethnicity or gender. They asked them if they felt
they were knowledgeable in science and technology--by and large they thought they were “sort
of knowledgeable.” Then they asked each person to describe some area of science and/or
technology in which they felt they knew more than the average person. They also asked peo-
ple to tell them why they had that greater than average knowledge in this area of science and
technology and from what source they acquired the knowledge.

Virtually everyone in the sample felt that there was at least one area of science and technol-
ogy they had some reasonable knowledge of, a knowledge that exceeded the norm. The areas
described ranged from astronomy to zoology. Some people described very specific areas of
scientific knowledge such as the physics of the internal combustion engine or the physiologi-
cal basis of depression; others gave more general categories of knowledge such as health or
the environment. Most people claimed that the motivation behind their knowledge was simply
interest and curiosity, although occasionally the motivation to learn about a topic was a per-
sonal crisis such as the need to learn about the disease of an ill relative. Professional and work-
related reasons were also commonly given. Across the board, though, at some point in each
individual’s life, something about the science and/or technology topic they claimed a special
knowledge of had piqued their curiosity. And it was this curiosity for the subject, which had
primarily prompted them to continue pursuing greater knowledge and understanding of the
subject. Most fascinating of all were the sources of science and technology knowledge that
the public identified. Roughly a third of the people surveyed claimed to have primarily learned
their favored science topic in school. Just under a quarter of the sample said they learned their
science on the job, as part of their work. Approximately half of all those surveyed (the largest
number of people) claimed to have learned about the science and/or technology topic during
their leisure time, through some form of free-choice learning. People described learning sci-
ence and technology from the Internet, reading magazines and books, going to museums, zoos
and aquariums, and participating in special-interest clubs and groups. Although schooling was
an important source of scientific learning for some, it was not the primary source for most.
A recent study by the National Science Board supports these findings [5]. Researchers found
that 50% of American adults read a daily newspaper including articles on science and tech-
nology, 15% read one or more science magazines each month and a majority of Americans
watched one or more science television shows each month. Approximately two-thirds of
adults visited a science center or natural history museum at least once a year and a third of
Americans reported that they had purchased one or more books on science and/or technol-
ogy topics during the preceding year. These studies lend tremendous support to the important
role non-school sources play in sustaining lifelong learning in general and science and technol-
ogy learning in particular. The data would suggest that even a traditional school subject such
as science, is not exclusively, or even primarily, learned in school. Similar investigations have
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been conducted to determine where the public learns history [6]. And similar to these studies
of science and technology learning, it was found that the majority of Americans attributed
their knowledge and understanding of history to free-choice learning sources such as family
members and television or to the workplace, not to school or university.

The above is not intended as a condemnation of school-based learning. The point is merely
to emphasize the fundamental role played by non-school-based learning. These studies were
conducted in the United States but we would anticipate similar results globally. Fach of the
three educational sectors significantly contribute to the science and technology learning of
the public.

3. Science & Technology Learning Infrastructure

Neatly a decade ago, educational evaluator Mark St. John proposed that we should rethink
how we look at the entire learning enterprise, suggesting that the school and free-choice
learning sectors (and we would add the work place) be considered components of a single,
larger educational infrastructure [7]. He used the term infrastructure to describe the system
of supports, conditions, and capacities that permit the smooth functioning of daily life.
Infrastructures represent essential under-girding for a variety of activities, for example, the
highway infrastructure facilitates transportation and an infrastructure of community services
such as a fire and police department permits a community to function smoothly. The learning
infrastructure in a community supports and facilitates the learning that takes place there. From
this perspective, the learning infrastructure is vital to a nation’s economic, as well as intellectual
and spiritual wellbeing. The educational entities that provide citizens with current and accurate
knowledge and information, whether about health, politics, economics, the arts or science,
form the fundamental backbone of the knowledge economy. The explosion of the Internet
and the World Wide Web provides significant testimony to the perceived value of having a
readily accessible tool that can provide virtually anyone, anywhere, with any information, any
time. The Web, though, is just one aspect of an ever expanding and, hopefully improving,
network of learning resources available to the general public.

The science and technology learning journey of 21st Century citizens will require many way
stations, each helping to fulfill part of the citizen’s learning needs. What the world needs is
a richly integrated, broadly supported learning infrastructure, a system of support that will
enable millions of unique individuals to meet their widely varying science and technology
learning needs any time of the day, at any point in their life. This basic science and technology
learning infrastructure already exists, composed of schools and universities, the Internet, print
and broadcast media, libraries, community-based organizations, the work place, and friends
and family (see Fig. 1). Ideally all of these educational entities work together to support and
sustain science learning across the life span [8].

The science and technology learning infrastructure serves as a web of influence that shapes
people’s understanding, attitudes, aesthetic beliefs, etc., for although schools and universities
are important, so are museums and science-technology centers, electronic media, increasingly
the Internet, as well as community-based organizations, libraries, the workplace and a whole
host of others. The entire science and technology learning infrastructure provides value and
support to any nation, and the entire infrastructure needs to be valued and supported.
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Figure 1. Science and Technology 1.earning Infrastructure

This means we look for science and technology teaching and learning in novel places. For
example, the Institute is currently working with the Astronomical Society of the Pacific, based
in San Francisco, CA. With our assistance, over the last ten years they have been exploring and
experimenting with ways to tap into the vast resource of amateur astronomers. With funding
from the National Science Foundation, they have involved these astronomers in supporting
elementary and middle school teaching in classtooms through Project ASTRO and are now
involved in Family ASTRO, an effort to provide fun and engaging astronomy experiences to
families through the network of museums, science-technology organizations and community-
based organizations such as scouts. This effort represents a creative way of brokering connec-
tions within the science & technology learning infrastructure.

4. Implications for the School of Tomorrow

So what are the implications of these ideas for the School of Tomorrow? Probably the sin-
gle most important takeaway is that the School of Tomorrow can not just be about school.
Although as we have said, the formal education sector--pre-K through graduate school--is vital
to any nation’s education, it is not, in and of itself, sufficient. A successful education system
cannot be based solely upon schooling; it must also include free-choice and workplace learn-
ing also. For societies globally to fully transform into functional Learning Societies, the active
involvement of all three educational sectors will be required. As long as we’re all in the same
vehicle, we would be well advised to drive in the same direction. There is no evidence that
this is currently happening, Although many of the industrialized nations possess the educa-
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tional capacity to be world leaders in twenty-first century learning, they are squandering this
opportunity through lack of clarity, direction and purpose. To totally achieve the promise of a
fully functioning Learning Society requires that all three sectors--formal schooling, workplace
and free-choice learning sectors—are integrated fully and in synchrony. Currently, all three are
alive and well, but all three are functioning largely in isolation, each driven by widely differ-
ing perceptions of what their goals and role in society should be. The good news is that the
key constituents for change are already in place but the bad news is that the infrastructure is
loosely connected and no one at the top seems to see how the pieces could and should become
interconnected. Change will require undoing deeply ingrained beliefs and habits and must hap-
pen from the bottom up, with vision from the top down. This will not be easy.

We also need to modify the goals of our educational efforts. The focus should be on facilitat-
ing individual learners, rather than on reforming any single institution. In a Learning Society,
the lifelong learning path we choose defines who we are as individuals. Each individual’s learn-
ing path is unique and should be supported by a whole range of institutions and individuals
over the course of a lifetime. Although there will be many institutions and individuals involved
in helping someone learn, and many reasons for them doing so, some closely and others more
distantly related to the individual’s personal goals, ultimately, all involved in the educational
process must accept one premise. The goal of all education should be individual growth
and fulfillment. This goal should not be driven by the needs and interests of the institution
involved in supporting that learner, whether a corporation, a school, a museum or a television
station. The goal of education must always be to support the learning needs of each and every
unique citizen in the society.

We also need to appreciate that each person is both a lifelong learner and an educator; as global
societies we need to figure out how to support and encourage each person to be both a learner
and an educator. We must learn to embrace the fact that not only is every citizen a lifelong
learner, but every citizen is also a lifelong educator! Whether we are 3 or 103 years of age, each
of us has much to learn, and each of us has a role in helping others to learn. For years in the
United States, we have been bombarded with rhetoric about a teacher shortage but in actuality
there is no teacher shortage in America. If we think about education as encompassing more
than schooling, there are 285 million learners in America, and by a wonderful coincidence,
there are 285 million teachers, a perfect one-to-one ratio. We need only to figure out how best
to support and encourage each and every one of us to be both learners and teachers. The
deficiency in the system is not the human resources, but the commitment and knowledge of
how to convert our human resources into effective practice.

For example, if a parent or guardian better understood how important their interactions with
their infants and young children were, and how to facilitate those interactions, more children
would grow up in intellectually stimulating environments. At the present, large segments of
our populations grow up deprived, not because of a lack of interest or desire on the part of
their parents, but due to a lack of parental experience and knowledge about how to optimize
the educational home experiences of their children. In our current system, economic disad-
vantage becomes perpetuated through educational disadvantage. In a transformed educational
system, priority would be placed on helping each and every parent better understand their
roles and abilities as their children’s first and most important educators, rather than trying to
compensate entirely with schooling. Every parent would be provided the support necessary to
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perform these educational functions rather than made to feel inadequate, as is often currently
the case and every child would not only be a learner, but also a teacher to their parents, rather
than erroneously being told and shown daily that only adults have any knowledge worth com-
municating, The adult-child relationship is only one facet of the social and cultural context
of learning. A wealth of research documents how important mentors and facilitators are in
most people’s lives. Sometimes that mentor is a professional educator, but often the mentor is
a family member, a friend, an acquaintance, or co-worker. All of us benefit from the guidance
of others when learning and ultimately, none of us can be taught anything, we can only have
our learning facilitated by someone willing to share his or her knowledge and experience with
us. Many of us are fortunate enough to have found a mentor in our lives, someone who has
been willing to help us achieve our potential, someone who through the sharing of his/her
experiences, shortens our learning journey even if only slightly. All three educational sectors
should strive to increase the number of mentors and facilitators they support, ultimately trying
to help each participant experience the joys of being both a learner and a teacher.

In practical terms these ideas suggest that ideally the School of Tomorrow integrates
free-choice and workplace learning and allows students to meaningfully use these learning
resources to accomplish their learning goals. The Smithsonian Eatly Education Center, housed
at the National Museum of American History in Washington, D.C., US.A., allows children
free access to the resources of the entire museum community, before and after school. In
Des Moines, lowa, also in the United States, an elementary school is located adjacent to a
shopping mall and utilizes the mall and all of the downtown businesses as part of normal
classroom space.

It will also be important for the School of Tomorrow to allow students themselves to have
more power and ownership over what, how and where they learn. Once again, there are
examples in the United States of how this can work and we are sure there are examples inter-
nationally as well (The Ellinogermaniki Agogi in Greece is one). Particularly innovative, in
Albany, New York, deep within an urban neighborhood which includes some of the poorest
families in the United States, one school is changing the way they think about what and how
they teach. Each student in this new public elementary school is developing his or her own
personal learning contract. In collaboration with their teachers and parents, each student gets
to figure out not only what they want to learn, but how, in what order and in what ways, and
even in many cases where best to learn. In this new model of teaching, the teacher and parents
become helpful guides for a student’s own personally directed learning journey. The school,
as well as the community in which it is situated, becomes the vehicle for helping to launch a
lifetime of learning. There is a similar system-wide pre-kindergarten to high school effort in a
suburban community outside Indianapolis, Indiana, USA.

In the School of Tomorrow, adults and children in free-choice and workplace learning settings
are equally respected teachers and facilitators of science & technology learning, as are the stu-
dents themselves. There are also working examples in the US. of how to approach this goal.
The high school students at The Henry Ford Museum in Dearborn, Michigan, not only use
the objects and documents of the institution to learn about innovation and invention, but the
students are taught by curators. In turn, the curators use the students to help with their teach-
ing and educational jobs. The “In Their Footsteps / Senior to Senior Program” in Astoria,
Oregon, pairs high school seniors with senior citizens to collect oral histories of community
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elders that are then turned into multimedia programs for the public (digital videos, CD-Roms,
and web sites). The high school seniors receive the benefits of the collected knowledge and
wisdom of their senior partners, as well as insights into history and “on the job training”
in multimedia production. Their senior partners are introduced to the latest in multimedia
technology and re-introduced to history, while community elders are provided a forum in
which to share their stories. All participants in the program benefit by these intergenerational
exchanges. And some of the largest and most progressive companies in America such as IBM,
Southwest Airlines and Hewlett Packard, not only allow, but encourage employees to volunteer
their time and talents in the community, particularly in educational efforts, both in schools but
in the free-choice learning sector as well.

And finally, ideally the School of Tomorrow will not just focus on school-age children. This
pervasive and integrated network needs to be accessible to citizens of all ages. In Brooklyn,
public school facilities are now open nearly twenty-four hours a day to allow the entire com-
munity access to educational resources concentrated there; and the public library has become
a major player in both child and adult learning programs in this recently immigrant-dominated
community. As we work on the CONNECT project (Designing the Laboratory of Tomorrow
by using Advanced Technologies to Connect Formal and Informal (Free-Choice) Learning
Environments), in addition to trying to integrate virtual field trips, museum wearables and
on-line content from science centers and museums across the continent, we are trying to see
if there are ways to engage the interested public in some of the activities (or to at least be able
to access archived events).

In a transformed educational system, each sector would fulfil its responsibilities continuously.
There would be no exclusive responsibility that schools have for the education of children, and
no exclusive responsibility that the workplace has for the education of adults. Responsibility
would be equally shared by all sectors, across all time. Schools would play a role in the educa-
tion of adults, and yes, the workplace would play an active role in the education of children.
The free-choice sector, too, would be actively integrated into the educational support of all
citizens. We believe that if all three sectors truly pooled their resources, if the lines between
school, work and leisure were sufficiently blurred, there would be more than sufficient capacity
to provide quality learning experiences for all citizens, all of the time.

5. Advocating within the Science & Technology Education

Community

So what can you do to participate in this exciting movement? First we would encourage those
of you involved in the international science and technology education community to play
an advocacy role for this important perspective on science and technology learning. If you
are involved internationally make sure that all parts of the science and technology learning
infrastructure are at the table as well. Invite fellow educators and researchers in the workplace
and free-choice learning sectors to participate in your international efforts. They have much
to share and much to learn from you. The Institute certainly has appreciated its opportunity
to collaborate on a European Union project with many of these same goals.

There is also much to do back in your own local communities. If you do not already know
what is going on in the area of science & technology learning in other parts of the learning
infrastructure, find out. As you develop new efforts and sustain existing ones, ensure that all
the science and technology education partners are involved.
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Most importantly, we need to work together to educate administrators and politicians about
this broader perspective of lifelong science and technology learning. By more clearly identi-
fying and describing the vast number of ways and places in which people of all ages learn
science and technology, we stand a much greater chance of transforming education and sub-
sequent learning to meet the demands of a changing world.
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Abstract

The CONNECT project! proposes an innovative pedagogical framework that bridges formal
and informal learning environments, making convergence of education and entertainment. It
develops and evaluates personalized learning paradigms, which integrate contextual informa-
tion into classroom settings employing highly interactive visualization, embedded systems and
augmented reality (AR) techniques. The CONNECT project will evolve through a systematic,
multi-step implementation and assessment process. The current paper presents the main ideas
of the project and its current status?
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(UK), Ellinogermaniki Agogi (Greece), HEUREKA (Finland), @BRISTOL (UK), Evgenides Foundation (Greece),
Esthonian Energy Center (Esthonia ), ECSITE (Belgium), Institute for Learning Innovation (USA), LEGO (Denmark),
Weizman Institute of Science (Israel)
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1. Introduction

Current research in computer-mediated learning employed in many fields of science, such
as medicine [1], mathematics and geometry [2], attempt to enhance reality with synthetic
information. In the context of learning, such a utilization of synthetic data can improve the
learner’s perspective in the understanding of complex concepts and phenomena. The concept
of augmented reality (AR) [3] incorporates the use of technology applications that allow the
use of 3D scenes of synthetic computer-generated objects to enhance and augment the view
of the real environment [4].

The CONNECT project exploits the interactive, technological capabilities of AR and builds
upon the

* Importance of visualization and of hands-on experience as vital components to the
learning process

* Learning as an active process of discovery and participation based on self-motivation
rather than on more passive acquaintance with facts and rules

* Collaboration and joint construction of knowledge

The CONNECT project aims at creating a learning environment, using advanced ICT, that
connects informal learning strategies and formal curricular activities in science education.
To do this it integrates everyday “free-choice” activities with the formal science curriculum.
Furthermore, its concern is to make the shift from the teacher-directed learning and the verti-
cal dissemination of knowledge, to learner-centred curricula that promote the development
of life-long learners.

The aim of the CONNECT project is not solely to produce more scientists and technologists,
but to form citizens who are scientifically literate in a world that is increasingly influenced by
science and technology.

2. The Pillars of the CONNECT Project

The CONNECT project will run for 36 months and will be advanced through a continuous
interplay between technological and pedagogical developments, following several runs of field
trials.

During these trials novel educational activities will be implemented and validated in different
learning environments (schools, science museums, science thematic parks).

2.1 Pedagogical Approach

It is well known that students are eager to learn in informal settings such as museums/science
centres [5]. There are at least two reasons for that: The freedom that they enjoy when leaving
the formal setting of the classroom and the positive motivation that they experience towards
learning in real life settings. Taking into account these realizations, the CONNECT project
has built a network of schools, science museums and science thematic parks in four countries
Greece, the UK, Sweden and Finland, that will act as a pilot group and will further expand to
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other countries at the end of the project.

In these settings, a series of field experiments (tangential to the curriculum) will be performed,
including pre- and post-visit curricular activities. The students will follow individual pathways
of learning, the teacher (rather than being the focus) helping students to work independently,
co-operatively and in an increasingly self-organized way. During the field trips to the science
muscums/thematic patks, the CONNECT system is designed to provide 3D graphics super-
imposed on the students’ field of vision together with other multimedia information, thus
allowing to “extend” the real exhibits with virtual objects.

This is particularly powerful for visualizing complex concepts in physics that are fundamental
yet imperceptible (such as electric or magnetic fields, forces, etc). To illustrate the activities for
field trips, an Hierarchical Task Analysis (HTA) method is adopted, as it provides clarity and
completeness in stipulating the range of tasks available to the user at specific points during
the CONNECT visit experience [6].

Furthermore, the CONNECT system is designed to promote student interactivity allowing
for remote classes to observe, either on-line or off-line, the activities during the visit to the
science museum/park

2.2. Technological Approach
The Virtual Science Thematic Park (VSTP) (Fig. 1) is an advanced learning environment that

e acts as the main hub of all resources available in the CONNECT network of science
museums/centers

* serves as distributor of information and organizer of educational activities
* facilitates the virtual visits and

¢ inter-connects the members of the network.

The VSTP comprises the CONNECT Platform and the mobile AR Unit.

The CONNECT Platform contains

- adatabase system for storing and retrieving the multimedia knowledge data scenarios
that consist of text, images, voice and video

- the content creation and browsing tool and

- a mechanism for uploading (or selecting from the database) media objects

An application server provides connection between the platform and the mobile AR system,
through wireless network.

61



62

Designing the School of Tomorrow

— | Museum Mode

® Leaming Group with
Teachers

* Leaming Group o \
v"i

Sciance Park

CONNECT * Single Leamner

Figure 1. The Virtual Science Thematic Park

3. The CONNECT Project’s Runs

Students and teachers will be involved in repeated cycles of tests in the framework of their
normal curriculum in order to demonstrate the qualitative upgrade of science teaching and
learning with the advanced learning environment that the CONNECT project introduces.
For each cycle there will be a systematic evaluation of the

usability of the integrated learning environment and its components — are user needs
met?

pedagogical approach (framework, quality of learning, ethnological study) - impact of
the proposed educational approach?

3.1 The Test Run

The first cycle of the pilot applications, the Test Run, will have a three month duration and
students’, teachers” and museum staff’s reactions to the proposed pedagogical approach will
be monitored and analysed in detail.

For the Test Run there were four exhibitions selected (one in each pilot science center):

a) The Air Track exhibit at the Eugenides Foundation (Greece)

b) The Air Foil exhibit at the @Bristol science center (UK)

¢) The Bio Tube exhibit at the Xperiment Huset science center (Sweden)

d) The Hot Air Balloon exhibit at the HEUREKA science center (Finland)




International Symposium on Advanced Technologies in Education

3.1.1. The Air Track Exhibit (Eugenides Foundation, Greece)

The exhibit demonstrates a cart sliding on an air track, under the influence of an external
horizontal force. It is possible to blow air through tiny holes on the surface of the airtrack
reducing friction and thus facilitating the cart’s motion. Carts of different mass or with dif-
ferent surface texture are available. Through this exhibit the students can experiment with the
laws of motion, investigate the nature of the frictional forces and deduce the law of friction.
The concept of friction is a national curriculum topic for primary science in most countries.
The exhibit can be further incorporated in a broader thematic area of learning about the

concept of force. Virtual augmentation of this exhibit includes 3D visualization of the forces
acting on the cart, of the microstructure of the contact surfaces, of the airflow, interactive
graphs, additional text, etc (Fig. 2).

Figure 2. The Air Track exhibit. Some possibilities for augmentation are illustrated.

3.1.2. The Air Foil Exhibit (@Bristol, UK)

This exhibit demonstrates Bernoulli’s law: for a horizontal fluid flow, an increase in the veloc-
ity of flow will result in a decrease in the static pressure; the equation describing this effect is
known as Bernoulli’s law. The most practical example of this is in the action of an airfoil: the
shape of an airplane wing is such that air flowing over the top of the wing must travel faster
than the air flowing under the wing, and so there is less pressure on the top than on the bot-
tom, resulting in lift. The airfoil exhibit uses a simple fan that blows air across an experimental
wing. The wing itself can be tilted by the visitor at different angles to the wind, this resulting
in different lifts. Virtual augmentation of this exhibit includes 3D visualization of the forces
acting on the wing, of the airflow, graphs, additional text, etc (Fig. 3).

Figure 3. The Air Foil exhibit.
Some possibilities for angmentation
are illustrated.
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3.1.3. The Bio Tube Exhibit (Xperiment Huset, Sweden)

The exhibit shows plants growing without soil in a controlled environment inside a vertical
tube. The visitor can optimize conditions for plant growth by changing the parameters light
intensity and humidity.

CO2 and O2 sensors are used as dependent variables to measure the photosyn-
thesis rate of the plants. The Bio Tube augmentation focuses on the visualization
of imperceptible phenomena within the photosynthetic process. The amounts of
CO2 and O2 in the air are represented as dots within the Tube. In addition arrows
will indicate the CO2 intake when photosynthesis takes place (Fig. 4).

Figure 4. The Bio Tube exhibit.
Some possibilities for angmentation are illustrated.

3.1.2. The Hot Air Balloon Exhibit (HEUREKA, Finland)

The exhibit shows a balloon that uses heated air to provide
buoyancy and thus rise. Since warm air is less dense and
thus lighter (it has expanded and occupies more space)
than cool air, the difference between the weight of the
hot air and of the cold air that it displaced, is what pushes
the balloon up. Augmentation of this exhibit includes
visualization of the forces acting on the balloon, graphs,
additional texts, etc (Fig. 5).

Figure 5: The Hot Air Balloon exhibit.
Some possibilities for angmentation are illustrated.
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3.2 The Final Run

With the experience gained during the Test Run and after the appropriate modifications for
improvement and optimization of the educational tools, of the augmented reality hardware
(tracking system, personal displays), of the CONNECT platform and of the didactical
approach, the project will be implemented in real environments during a second five-month
cycle, the first phase of the Final Run. This phase will be performed with scenarios that will
be developed by the project’s pedagogical team, similarly as in the Test Run. After the final
improvements of the system are installed, the second phase of the Final Run will take place.
During this final phase, the teachers and museum staff will collaborate in order to create their
own pathways and to make the most of the field trips, motivating their students. It is hoped
that at the end of these three-phase Runs the students will have adopted a scientific method,
designing and conducting their own scientific experiments, collecting and displaying their data,
and writing reports of their results.

Ultimately, a greater number of science centres and schools will join the virtual science
thematic park in order for a pan-European network to be created and for the CONNECT

approach to be validated.

More information is available at the web site of the CONNECT project (Fig, 0).
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Figure 6. The web site of the
CONNECT project:
about | sansortium | averview | documents |vents |news [l bf@.'//ll/ll/ll/.Mﬂﬂﬂf-pi@jeﬂ‘.ﬂﬂ
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Abstract

The CONNECT evaluation approach addresses two main issues. The first one tackles the
(potential) added value of the specific CONNECT technology itself, particulatly the plat-
form and augmented reality (AR). This includes the challenge whether a field trip experience
provides better results with regard to its linkage of classrooms and science centres when
the are supported by the specific (augmented) internet platform compared to one without
such an advanced technology. The second issue contends with the (potential) added value for
teachers and students when following the specific CONNECT scenario (and if, under what
circumstances).

1. Introduction

A quasi-experimental approach is designed to find answers to these issues providing three dif-
ferent treatment groups: One sample of classes will be taught with the selected content with-
out any museum visit (control group). Another one consists of classes visiting the museum
and completing pre- and post-visit activities without any CONNECT technology (the plat-
form & AR). Finally, a third sample is visiting the museum and completing pre- and post-visit
activities by making use of the CONNECT technology (the platform & AR).
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No Connect Scenatrios Connect Scenatios

1 2 3
Classroom alone — Museum Visit w/ Pre Museum Visit w/ Pre
Similar Curticulum, No & Post Activities (no & Post Activities (with
Museum Visit Platform/AR) Platform/AR)

The evaluation approach includes quantitative and qualitative aspects as well. The quan-
titative survey concentrates on monitoring (i) cognitive effects, (ii) attitudinal variables (e.g.
towards field trips and museums) and (iii) motivational variables as well.

Although the CONNECT survey still is on the planning stage, related studies may provide
suitable information about the potential of learning impacts due to ICT approaches in a lab or
a classroom. For instance, an instruction within the educational ICT-program “Life in Winter”
(which lasts for 4-6 school hours) provides a significant shift within the assessment scores of
the participating pupils.
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Figure 1: Pattern of cognitive scoring in pre- and post-test surveying
the pupils’ learning outcome
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interest / perceived effort / me / mmd glﬁ |/

Fignre 2: Gender specific scoring pattern with regard to the 6 motivational dimensions
of the Decic>Ryan inventory [1].

Similarly, the application of Intrinsic Motivation Inventory (IMI, [2]) specifically surveys six
dimensions which validity and reliability has been proven to the selected age group of pupils,
too: Interest/Enjoyment, Perceived Competence, Perceived Choice and Value/Usefulness
detailed a gender specific pattern while Effort/Importance and Pressure/Tension did not.
Salmi [3] found that school students having intrinsic motivation gained both better cognitive
results and tended to apply deep-learning strategies in the learning process.

2. Results & Discussion

CONNECT evaluation which is due to be applied soon, our survey will additionally consist
of items covering the understanding of the exhibit, for instance, by identifying the focus of
students observations, their understanding the meaning of AR visualizations or their under-
standing of the over-all exhibit. Additionally, the survey includes the pupils’ usage of the
knowledge acquired in a different context (explaining or relating to different phenomena). The
simple way of thinking will be traced by raising hypotheses or planning a simple experiment.
However, we have to take care of avoiding overloading our evaluation survey by monitoring
too many variables (our participants will be adolescents).

The qualitative survey will include an observation, video analysis, interviews, focus groups,
open-ended questionnaires (e.g. [4]).

In general, there are two primary audiences to be monitored which are teachers and students
as well. The teacher’s attitudes towards the visited exhibit, their motivation and post-grading
of the visit can only be assessed in a more qualitative way, just because of low sample sizes.
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Teachers
What assessed? Methodology Instrument When
Attitudes Questionnaire [15 items] All Testing Runs
Motivation Questionnaire [30 items] All Testing Runs
Postgrading the visit | Questionnaire [1 item)] All Testing Runs
Feedback by teacher | Questionnaire [1o item] All Testing Runs
Overall change Focus Groups Interview Testing Runs 1 & 3
Students
What assessed? Methodology Instruments When
Background variables | Questionnaire [25 items] All Testing Runs
Cognitive assessment | Questionnaire [25 items] All Testing Runs
exhibit dependent
Attitudes Questionnaire [15 items] All Testing Runs
Motivation Questionnaire [30 items] All Testing Runs
Postgrading the visit | Questionnaire 1 item All Testing Runs
Overall change Portfolios All testing runs

The evaluation of both, the technological and pedagogical pathway, will take place in a forma-
tive and summative form. The formative evaluation is more complex and it will be completed
within a “test run” where various aspects of instructional materials will be surveyed. The pur-
pose of formative evaluation is to validate or ensure that the goals of the instruction are being
achieved and to improve the instruction, if necessary, by means of identification and subse-
quent remediation of problematic aspects [5]. Giving an example: if learning materials for
third graders has to be designed, a third grader should be patt of any Formative Evaluation.
The summative evaluation provides information on the product’s efficacy (i.e. its ability to
do what it was designed to do). For example, did the learners learn what they were supposed
to learn after participating in an instruction. In a sense, it should provide information about
“how a learner did” and by extracting this information the quality an educational “product”
may be assessed, too.

Summative evaluations typically are quantitative approaches by using numeric scores or grades
to assess learner achievements.

Our Evaluation Phase will be completed during the first and second test runs in 2005 given the
assumptions that the AR system is fully operational at all four sites. Scenarios have undergone
further development and refinement. After refinement the instruments will apply in the final
run for a total of 10 teachers and about 800 students per site. L.ocal museum staffs will assist
with data collection. We have to take care of the language barriers. We will assess the system
for mainly three target groups: teachers, students, and museum staff. For sure, the upcoming
year will become a busy year for the CONNECT scenario.
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Abstract

Until recently, formal and informal science learning were considered as being quite different.
Hach approach was developed by different communities of practice which were relatively iso-
lated from each other. Today, the divisions between these two approaches are blurred, largely
due to the impact of information technologies but also due to educational research, which
shows that both approaches are based on the same principles of learning, Today, there is a
growing recognition that science learning can be advanced by bridging the gap between formal
and informal science learning.

How might information technologies help bridge this gap?

The “gap“ metaphor suggests these technologies might act as “bridges”, to help transport
educational tools and resources in both directions, between different communities of practice.
But members of the “receiving communities” should be involved as co-designers. This per-
spective is illustrated by two examples: (a) an intranet software environment for Project-Based
Learning, (“The Golden Way”) and (b) a dynamic web-based collection of science museum
resources, geared to formal science standards (“The Bay Area Museum Collaboratory”).
These examples illustrate the importance of combining technological and social design, so
that technology continuously evolves to fit teacher and student needs.
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1. Introduction: Metaphors We Live By

Because learning is so integral to being human, we often seem to take it for granted. Lakoff
and Johnson [1] suggest that our thoughts and actions are governed by our own metaphors,
of which we are unaware. For example, most of us unconsciously regard arguments in terms
of war. As they write, our everyday language is colored with this unconscious metaphor
(e.g., “Your claims are indefensible”. “His criticisms were right on target”.). If it is true that
“metaphor is as much a part of our functioning as our sense of touch, and as precious”, then
perhaps we should ask ourselves: “What are our metaphors of learning and teaching? About
the process of developing technologies to promote learning and teaching?

One metaphor is connected to Greek myths surrounding the Muses, daughters of Zeus who
presided over the arts and sciences. People who were engaged in these pursuits often sought
the inspiration of the Muses in special shrines called “mouseion”, the basis of the modern
word for “museum”. I suggest that we think of learning and teaching, as well as the process
of developing technologies to promote learning and teaching, in terms of ancing with the
Muses. (See Fig. 1) 2]

I will use another metaphor when discussing informal and formal science education: ridging
the gap. [3] These two metaphors dancing with the Muses and bridging the gap will help guide
the central argument of this paper.

Fig. 1. Apollo Dancing with the Muses

2. A Tale of Two Learning Cultures

1. Background. In the past, science learning was characterized as taking place in two differ-
ent contexts: formal and informal. Even the terms positioned these “two cultures” as oppo-
site from each other. Formal learning took place in schools; it was compulsory, structured,
teacher-led, teacher-centered, with fewer unintended outcomes and focused on solitary work.
Informal learning took place in places like museums; it was voluntary, unstructured, learner-
led, learner-centered, with many unintended outcomes, and focused on social intercourse. [4]
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Moreover, these two cultures, on the whole, were isolated from each other. A different “com-
munity of practice” was connected with each culture. Curriculum and research efforts in
formal science learning were guided by academic institutions and Departments of Education,
while efforts to promote informal science learning environments were undertaken by different
people museum curators and volunteer staff [5]. These two communities of practice rarely
interacted with each other; their concerns seemed to be different, they participated in different
conferences and published their educational research in different journals.

2. A New Reality. This remarkable isolation is no longer the norm. Informal science educa-
tion is now a “mainstream topic” within the mainstream science education community, at least
in the United States and UK. Reseatch articles on “free-choice learning” are common in jout-
nals that once refused to publish them. [6] Organizations to connect informal science learn-
ing environments with schools exist in the US. and Europe. [7] In short, the “dichotomy”
approach, presented above, has given way to a “hybrid” approach, in which formal learning
contexts (such as schools) are encouraged to adopt informal learning methods (such as free-
choice exploration).

A major reason why the distinctions between formal and informal learning have become
blurred is because of the advances of information technology, especially computer-mediated
communications, and modern society’s shift from an industrial-based to a knowledge-based
society. [8]-[9]. Also, educational research shows that both formal and informal learning are
based on the same principles of learning, and that both learning contexts can include a variety
of learning methods. For example, it is increasingly clear that school learning needs to be
based on “learner-centered” environments, i.e., “environments that pay careful attention to
the knowledge, skills, attitudes and beliefs that learners bring to the educational setting. [10]
However, while informal learning experiences can enrich school science, we have a poor idea
about how these experiences can best be integrated into the (school) curriculum. [3]

How might educational technology can help “bridge the gap” between formal and informal
learning environments? The “gap” metaphor suggests these technologies might act as “bridg-
es”, to help transport educational tools and resources in both directions, between what are still
different communities of practice. But who should design these bridges and determine their
criteria of success? My perspective is that the “receiving communities” should be involved
in the “bridge-building” efforts, as co-designers. In the following paragraphs, I present two
examples of such efforts.

3. The Golden Way. Project-Based Learning (PBL) in Science and Technology is a teaching
and learning approach which has been developed and implemented in Israeli schools for the
past 14 years at the Weizmann Institute. [11]-[13]. Its goal is to incorporate students “free-
choice learning” into the formal science and technology curriculum, using PBL. In order to
guide teachers and their 7th-12th grade students in this approach, a networked software envi-
ronment was developed, called “The Golden Way”, which included detailed. [14] Using the
metaphor of a “guided journey”, which students undertake with subject-matter topics of their
choice, the software was designed to provide specific pedagogical guidance (see Fig. 2).

7
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Fig. 2. The Golden Way software environment. The ‘jom"mj/’s Map” has 6 common stages and 15 “task
pathways.” Each pathway presents tasks, examples of student products and guidance. The software was co-
designed by a community of practice to support its shared PBL practices.

The software was pilot-tested and co-designed with practicing PBL teachers over several trials,
spanning a number of years. Each revision reflected an improved user interface and more
effective student activities. Participating teachers from about 50 schools communicate with
each other online and via regular conferences. This community of practice makes it possible
for the teachers to distribute and learn about “best practices” while participating in the co-
design of new PBL activities and softwate applications.

4. The Bay Area Science Education Collaboratory. How might science museum resourc-
es be aligned to the science standards and effectively used by practicing teachers in their
schools? This question catalyzed an ambitious effort to make accessible the online and physi-
cal resources of 6 San Francisco Bay Area science museums, including the Exploratorium, to
G6th grade science teachers. The resulting dynamic website is being co-designed and used by
an “online design and learning community” of 6th grade teachers (Fig. 3). This community of
practice engages in professional development on three levels: as consumers/users, as resource
contributors and as coaches/editors. [15]
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Fig. 3. The Bay Area Science Education Collaboratory. This web-based resonrce is being co-designed
by a community of teachers, in a professional development program.
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An evaluation of this project showed that the participating teachers increased their use of
museum web services in the design of their classroom teaching. [16]

3. Conclusions

These examples illustrate how information technology can help bridge the gap between
formal and informal science learning. Note that each technology (networked software and
a dynamic web-based resource, respectively) brings “free-choice learning” into the formal
classroom. FEach technology serves as a “bridge” for connecting two (once separate, now
overlapping) communities of practice.

It is crucial to recognize the role that “participatory design” played in the design of these tech-
nologies, both used as integral parts of professional development programs. In the former
case, practicing 7th-12th grade PBL teachers were engaged in co-designing the software and its
implementation in their schools. In the latter case, practicing 6th-grade teachers were engaged
in co-designing the web-based resource they use in their classrooms.

Each product resulted from combining technological and social design, so that the technology
continuously evolved to fit teacher and student needs.

It is also necessary to note the limitations of these examples, in order to avoid the common
pitfalls of educational technology. [17] For example, in each case the “participatory design”
of the teachers worked well during the professional development framework, when outside
experts were involved. But when the teachers were “on their own”, without outside support,
their use of these technologies dropped significantly.

Nonetheless, these examples illustrate the importance of linking participatory design with the
evolution of technological tools. In effect, these examples illustrate how diverse individuals --
teachers, museum professionals, students, research scientists, subject-matter experts, software
designers and the like -- can be linked together as co-creators, “dancing with the Muses” in the
process of learning. In this dance, sometimes one gains inspiration from others and some-
times one gives inspiration to others. A community of practice engages in the creation of a
technology to help reinforce its own shared practices, and the technology enhances the com-
munity’s practice, so that both the community and the technology co-evolve over time. [18]
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LeActiveMath:
Personalization, Motivation and Tutorial Dialogue
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German Research Institute for Artificial IntelligenceD-66123 Saarbrdcken,
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Abstract

LeActiveMath is an ambitious research project that starts with cutting-edge technology and
knowledge representation the partners have developed. Several tools and components, includ-
ing natural language facilities, are being developed, integrated, and tested in one system. They
take advantage of the semantic knowledge representation. They are and will be motivated by
pedagogical and cognitive results. In particular, the system diagnoses and reacts to the learner’s
motivation and supports the learner’s initiative.

1. Introduction

LeActiveMath is the Specific Targeted Research Project in the 6th Framework Programme-
Priority “Information Society Technologies”, key action Technology-Enhanced el.earning

in call FP6/2002/IST/1. This project is coordinated by the German Research Center for
Artificial Intelligence.

LeActiveMath builds on the eLearning environment ActiveMath [1] which resulted from
research and development at the University of Saarland and at the German Research Center
for Artificial Intelligence (DFKI). This system already generates courses providing some user-
adaptability, i.c., these courses depend on the learnet’s goals, their level of mastery of the sub-
ject, and a set of individual user preferences. By exploiting this information the pace of learn-
ing, the level of detail, the way of presenting the content, the presentation format, and the
number and difficulty of examples and exercises is personalized for the individual learner.

LeActiveMath will deliver an innovative web-based intelligent e-Learning system for math-
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ematics that will be used in high school and college or university level classrooms as well as
for self study. Its objectives have been stimulated by the experience of using ActiveMath in
reality and by results from cognitive psychology research results.

The value added compared to previous systems is due to

* intelligent feedback and tutorial dialogues

* integrated interactive tools that understand the semantics of learning objects
* pedagogically grounded elements and strategies

* reaction to the student’s motivational and emotional state

* advanced personalization

* open, inspectable student model

* accessible exercise repository

e free non-commercial usage

From a more specific technological point of view there is more added value because of
e a truly open and distributed architecture with one student model

* reusability of single components and tools

* integration in one configurable system

* innovative semantic knowledge representation and integrated tools using it.

2. Personalization/Adaptation

From the general experience and our own usage of ActiveMath we conclude that learning
scenarios and suggestions as well as tutorial strategies have to be based on empirical data
as well as on pedagogical theories. Therefore, Al-researchers and pedagogists collaborate to
formalize and implement a problem-based learning scenario as well as other ’valid’ scenarios
and strategies.

The handling of competencies and competency levels as, e.g., employed in the PISA studies
[2], will enable the system to provide examples and exercises at an appropriate yet challenging
level to the individual student [ 3] .

The fact that a wide range of representations should be familiar to a student led us to imple-
ment the availability of different flavours of a learning object for a learner.

Other dimensions of adaptability and personalization are

e the individual local feedback that is given in exercises together with a choice of tutorial
strategies again, depending on the learner

¢ the individual global suggestions that can be made for the student’s learning [4]
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The trends in the history of tutoring systems point the way to the third generation of tutoring
systems like LeActiveMath. These trends include

(1) a large the amount of computation of the system. While first-generation tutors sim-
ply retrieve and display stored data, second-generation systems have some form of
student modelling, Third-generation tutors will plan tutorial actions, do plan revision
and natural language processing as well as support increased learner-responsibility and
extended student modelling,

(2) The bandwidth of the user interface is increasing, i.c., the variety of response that the
tutoring system can handle is increasing. Therefore, complex interactive learning (with
stronger back-engines) can be included and can respond to the student’s activities.

(3) The pedagogical theories underlying tutoring systems are becoming increasingly con-
structive, which mirrors a general trend toward constructivism in learning theory. That
is, students are being asked to derive or induce knowledge rather than just remember
what they are told. The systems engage the student in extended tutorial exchanges
and interact with the student on the basis of cognitive models of the student and the
student’s ongoing activity.

(4) The systems will employ the semantics of the domain objects in order to be interoper-
able and to ’understand’ the content of exercises etc.

(5) The different paradigms rely upon different paradigms of learning and pedagogy and
seem to measure progress differently. As one result, e.g,, third-generation systems will
more often provide an open student model (inspectable and modifiable for certain
students).

3. Motivation

Itis well known that emotional and motivational influence learning a great deal. LeActiveMath’s
research investigates the use of a range of factors for student modelling relating to affect, atti-
tude, motivation and to the student’s goals, context, personality. LeActiveMath will pioneer a
first representation of the motivational and emotional state in the learner model and try to
conclude reactions for the scaffolding of the learner, in particular in dialogues for problem
solving. The theory that is taken to base the implementation on stresses the role of autonomy
and approval [5] for the learnet’s motivation. Other dimensions of motivation and emotion
will be investigated later in the project.

4. Tutorial Dialogues and Feedback

Several empirical investigations proved that human-human tutorial dialogues improve learn-
ing results. There is great benefit to be gained from integrating dialogue theories and dialogue
system technology that have been developed in the computational linguistics community with
the wealth of knowledge about student learning and tutoring strategies that has been built up
in the ITS community. The tutorial dialogues and other dialogue-based learning interactions
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planned in LeActiveMath have not been developed yet in any other project.

Therefore, several attempts have been made to include written natural language tutorial dia-
logues into intelligent tutoring systems. For instance, recent work at Edinburgh University
(BEETLE) [0]) integrates principled and flexible dialogue management based on the
“Information State Update” approach of TRINDI [7] and planning of multi-turn tutorial
dialogue strategies, in the domain of basic electricity and electronics. Based on this experience,
tutorial dialogues for mathematics (derivatives) are being developed in LeActiveMath.

5. Conclusion

There are many more aspects that will all be integrated into the learning environment
LeActiveMath, among them:

* interactive concept map tool with feedback based on CoolModes [8]
 multi-functional dictionary

* several service systems

* open learner model, more fine grained learner model and learner history

¢ intelligent feedback in interactive exercises

* usage of competency levels to determine pedagogically appropriate requests

* a moderate constructivist approach to maths learning,

Multidisciplinary research characterizes the work in LeActiveMath. The pedagogists conttib-
ute their notion of competencies and competency levels which in turn has to be modelled and
operationalized for learner modelling and suggestion generation, two technologies that heavily
rely on artificial intelligence research. Similarly, metadata definition from the semantic Web
research have to be used for course planning, tutorial strategies and reuse of material which,
in turn, will themselves be based on pedagogical and cognitive theories and results.

Some of the research areas involved are intelligent tutoring systems, adaptive hypermedia, user
modelling, web technology, computational linguistics, automated reasoning, machine learning,
computer algebra systems.
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Abstract

This paper presents Lab@Future, an advanced e-learning platform that uses novel Information
and Communication Technologies to support and expand laboratory teaching practices. For
this purpose, Lab@Future uses real and computer generated objects that ate interfaced using
mechatronic systems, augmented reality, mobile technologies and 3D multi user environments.
The main aim is to develop and demonstrate technological support for practical experiments
in the following focused subjects namely: Fluid Dynamics - Science subject in Germany,
Geometry - Mathematics subject in Austria, History and Environmental Awareness — Arts
and Humanities subjects in Greece and Slovenia.

1. Introduction

The Lab@Future project (the project full name being - ‘School LABoratory anticipating
FUTURE needs of European Youth’) is a research and development project, funded by the
European Union (EU) as part of the Information Society Technologies (IST) program. In this
paper we present the incurred developments opposite the trends for a common exploitation
of the results, the day after evaluation and validation completion.
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2. Lab@Future Distributed Platform

2.1 Session definitions

A collaborative e-learning session (referred to later as a session) is constituted by a group of
persons working collaboratively, handling experiment specific data, performing experiment
specific applications and using a set of groupware tools as support of their work. The group-
ware tools provide the basic communication and collaboration services to the users registered
in the session [1].

Two phases are defined within a session, respectively an asynchronous phase and a synchro-
nous phase. When a session is created, it enters an asynchronous phase that is continuously
active until the session is deleted by the administrator. In the asynchronous phase, the regis-
tered users are authorized to access independently (i.e. without any synchronization among
them) the e-learning content of an experiment (for instance, access to experiment specific
Web pages, access to experiment-specific virtual scenes) and to perform independently experi-
ment specific applications. During the asynchronous phase, only asynchronous communica-
tion tools, like E-mail or news groups, are available to the users.

When a synchronous phase is running, it is the responsibility of each user to explicitly join/
leave this synchronous phase. As a consequence, all the users, who have joined a synchronous
phase of a session, are aware of each other, and may use different synchronous collabora-
tion and communication tools to work together and implement a pedagogic scenario. It is
important to notice that the asynchronous and synchronous phases are not mutually exclusive
and may coexist. That is, when a synchronous phase starts, the asynchronous phase keeps
active. In this way, users are always allowed to work asynchronously while taking also part in
a synchronous activity.

A session is created, configured and deleted by an administrator. The administrator is also
responsible to start and end a synchronous phase, either manually or by configuring a specific
time schedule.

2.2 Experiments

The following sections describe the main functionality of the Lab@Future e-Learning applica-
tion experiments, namely the Fluid Dynamics, the Mathematics and the Arts & Humanities
Experiment, which have been evaluated [2].

2.2.1 Fluid Dynamics

The main functionality of the Fluid Dynamics experiment is the use of a Mixed Reality envi-
ronment as an assistant tool for teaching Mechatronics [3]. The Toolkit is implemented as a
distributed and collaborative Mixed Reality Web Service that integrates real and virtual, local
and remote media under one common interface. With a special kind of coupling between the
computer and real hardware, it is possible to build hybrid systems that are a mixture of real
and virtual parts by using bidirectional connections for physical phenomena (air pressure and
electricity).

Users have the possibility to learn the topic of Fluid Dynamics not only by theory but also in
practice. They cannot only create virtual experiments but can connect them to real hardware.
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The Web Service gives also access to supporting material for each experiment. This material
can be used for self-education and/or homework composition.

The Fluid Dynamics experiment specific platform suite consists of several modules that
together build the deriveSERVER system. Each component of the system has its own
dedicated task, e.g. simulation. A central module, which controls the communication and
data flow between the different subsystems, is the Mixed Reality (MR) Server. It maintains
the resources of running experiments. The user sees only the HTML based Front End, the
Virtual Construction Kit (VCK).

The virtual model is interfaced to the real hardware process, utilizing diverse innovative devices
such as the Hyperbond [4], an image recognition system, etc. With the help of video-streaming
changes to the real hardware it can be observed at distant places. All software components
are realized as specialized software agents that communicate via standard Internet protocols
(T'CP/IP). The network of communicating clients forms the overall (software) system.

Lab@Future experiment scenatios relevant to course topics in the subject area of fluid
dynamics are: industrial safety circuit, swivel driver and comparison of real and virtual behav-
ior of double acting cylinder.

2.2.2 Geometry

Within the scope of the Geometry Experiment a system called Construct3D is developed,
which is a novel tool for teaching descriptive geometry using collaborative augmented real-
ity. The system incorporates the following laboratory equipments used during teaching and
learning:

e Personal computers (PCs) (these include laptops and desktop)

* Head -Mounted Displays (HMD) used for presenting the output of our system i.e. the
real world augmented by the virtual elements generated by the application

* Trackers used for obtaining head and hand position and orientation information:
* USB and Firewire webcam based tracking

* Electromagnetic tracking

* Computer-vision tracking

* Ultrasonic/inertial tracking

* Inertial tracker used for measuring head movements

* BARCO projection table

* P5 virtual glove

Each student has his or her own head-mounted display and interaction hardware, so they
don’t share these devices. This approach enables students to actively participate in the learn-
ing process. Since these displays are optical see-through HMDs, they can see each other and
are able to communicate simply by speech as well allowing for natural, familiar and therefore
effective means of exchanging information. In addition to the HMDs, there is also a provision
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for students to watch the 3D construction procedure passively on a large projection screen
or computer screens. The large projection screen or computer screens can be “shared” or
viewed by several users thereby enabling several students to passively participate in the learn-
ing activity.

One or more tracking servers are needed to process the data coming from the input devices
of the users i.e. the pen and the panel of the Personal Interaction Panel that provides an
Augmented Reality GUI (3D menus and pointer). This data is then sent to the machines
needing it through the Local Area Network using multicast. The output images for each user
can be rendered either on a central machine that processes the data coming from the track-
ing server(s) and renders the images for the HMD or the monitor of the user, or each user
has his/her own machine for the same tasks. The machines associated with one or more
users run the Studierstube collaborative Augmented Reality platform, which uses the track-
ing data and user interaction information to render the graphical elements representing the
user and the current application status, while the Construct3D application is running on top
of Studierstube. Geometry experiment learning scenarios within Lab@Future framework
include: hybrid AR classroom, projection screen classroom, distributed hybrid classroom and
remote collaboration.

All the machines — the input and output components - connect to the ESS of the Mathematics
Experiment, which serves as the interface for the Lab@Future platform. More specifically,
on the ESS of the Geometry Experiment the Studierstube collaborative augmented reality
application is running. The Construct3D application is using and being run in the Studierstube
framework. There can be multiple machines running Studierstube, in this case the Construct3D
application runs in a distributed manner, the scene graph of the virtual scene and the updates
to the scene are synchronized over the network.

The desired outcomes from teaching and learning geomettry in Lab@Future environment are
focused on enabling students to:

* Acquire an improved comprehension of complex spatial problems and relationships.
* Recognize structures & properties of geometric objects.

*  Recognize basic geometric shapes in a bigger context.

e Create & modify objects by modeling and transforming them.

* Apply fundamental geometric knowledge in scientific & technical problems.

¢ Recognize & apply geometry as a language.

* Interpret & develop geometric representations.

* Learn correct use of specific tools in accordance with the problem to be solved.

* Learn to use special 2D and 3D educational software.

* Learn a programming language & use communication tools to describe and explain
geometric objects & procedures.

* Acquire preciseness in expressing ideas through the use of drawing as a means of
intercultural understanding.
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* Prepare for the professional world by learning to be precise & organized.
* Capture, understand, analyze and model natural and artificial objects and models.
* Develop creativity.

e Improve fine motor skills.

2.2.3 Arts & Humanities

2.2.3.1 History

The main functionality of the History experiment is the use of Mobile Technologies as assist-
ant tools during the visit of a high school classroom at an archeological monument. The
experiment is implemented in the following way: the class of the moderator school visits a
remote environment (outside the school premises). The moderator class students are hold-
ing mobile devices such as PDAs or Cell Phones enabled with WLAN access. Through these
devices the students can communicate with the students of remote classrooms who are sitting
in front of networked desktop computers in their classroom. The PDAs and desktop comput-
ers also allow access to supporting material residing on web servers, over the Internet. Finally
the mobile devices could also include a digital camera for taking pictures at the remote site to
be shared with the remote students, or used later for homework composition.

Lab@Future experiment scenarios that are relevant to history are: comparing the real monu-
ment with its virtual representation on the PDA, looking for information in relevant websites
through their PDA device and using this information in order to enrich the learning impact of
the educational visit, communicating and exchanging information through the mobile devices
and using PDAs and GRS Mobiles phones when studying classical art.

The ESS of the History Experiment serves as the interface for the Lab@Future platform.
As mentioned eatlier in the paper, History experiment also uses the Lab@Future adaptation
framework to overtake the various constraints induced by mobile contexts.

3. Conclusions

Lab@Future defines a genetic - universal “mixed and augmented reality” platform enetgizing
mobile and wireless information interaction and addressing issues of the constructivist theory
of learning, in combination and dialogue with activity theory, especially the theory of expan-
sive learning. It provides a constructivist and expansive framework that introduces innovative
features to e-learning, which can serve successfully as a common teaching environment in
schools throughout Europe.
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IV. Quality and Standardization
Issues in Education
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Abstract

Standards do not drop from the heavens ready to be used. Rather they are made by human
beings with their feet on earth. This fact must be kept in mind as questions about standards
or expectations for schools, students, educators and school officials become an issue when
someone start discussing about them and how they could implemented in real life. The popu-
lar rhetoric of educational reform is increasingly colored with the terminology of standards
as public policy views shift from an exclusive focus on inputs into schools to consideration of
outcomes, such as student achievement, graduation rates, and drop-out rates.

This paper is trying to give the real facts about using standards in education and of course
to propose methods about the implementa tion and setting up of standards in education.
It presents the actions that have taken place through out the implementation phase of an
educational procedure providing distance education. The reason that standards have not yet
been implemented in the educational procedures and specially to the distance learning courses
is mainly the fear of stakeholders (authorities, institutions, educators, even the students) in
using and implementing standards as well as the lack of the existence of a guide about how
to organize all the needed processes and procedures for the implementation of a distance
learning course. Using technological solutions and all the information and communication
technologies (ICT) in the educational procedure it is needed to have a clear and precise
Implementation Guide.

Keywords:
Standards, e-learning, learning standards, evaluation methods, Implementation Guide
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1. Using Standards

At one time, standard-setting (the process of defining points for educational decision-making)
was primarily of interest to measurement specialists and psychometricians. Now on both the
national and international levels, educational administrators and policy-makers are engaging
both educators and noneducators in formal exercises to define acceptable and/or desirable
levels of student performance for the school system [1]. As such, the process of setting
educational standards can be seen from a number of perspectives. Standard-setting can be
viewed as a(n) [2]:

* forum where the match between what educators intend to do and what they actually

have done is deliberated,

* intersection where educational ideals meet reality,

e exercise which gives voice to the underlying appreciative knowledge of professionals
and nonprofessionals about the potential for youth,

* cvaluative process for placing an interpretative framework around assessment data in
either statistical and textual form,

e due process mechanism for adjudicating outcomes for a school system,
* psychometric technique for calibrating test questions,
* means for applying social meaning to measures of learning,

* instrument for clarifying professional and public expectations about curricular and
instructional effectiveness,

* public policy arena where competing stakeholder interests and values are drawn
together and reconciled to define education system outcomes for public accountability
purposes, or

* decision-making process which in turn establishes points for further educational deci-
sion-making,

Because it both represents and reflects diverse values about what we think important in educa-
tion, a standard is often subject to controversy [3]. Virtually all scholars concur that standard
setting is a judgmental exercise. A standard therefore can be only as good as the judgments
and evaluative processes used in setting it. Popham has argued that serious standard-setting
which relies, “on decent collateral data, wide-ranging input from concerned parties, and
systematic efforts to make sense out of relevant performance and judgmental data is not
capriciously arbitrary [4]. Rather, it represents the efforts of human beings to bring their best
analytic powers to bear on important decisions”.
Critics usually adopt one of two lines of argument when questioning the credibility of stand-
ards. One is based on the belief that testing and standards represent a form of standardiza-
tion that denies the individuality of people and undermines the unique, transactional nature
of teaching [5]. TLarge-scale assessments provide educators and trustees with beacons and
external referents to guide successful professional practice, in the same way radar guides a
pilot around the airport and safely onto the runway. No one can say that radar measurements
and flight standards detract from the pilot’s skill and harm the passenger, even though they
certainly do shape the flight path in positive ways.
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The second criticism is that standards, because they are human creations, are arbitrary [6]. It
is true that all methods are arbitrary in the sense that there is no scientific procedure which
simply involves plugging numbers into a formula. Different methods will produce different
standards. Yet we must not label standards as unacceptable just because they are arbitrary.
The word “arbitrary” can mean either “that which is determinable by a judge or tribunal”
or whimsical, that is “selected at random and without reason”. When criticizing standards
as arbitrary, critics are clearly employing the second, negative definition, whereas the first
definition more accurately reflects serious standard-setting efforts. Even if standard-setting
is subjective, Livingston and Zieky (1982) point out, “once a standard has been set, the deci-
sions based on it can be made objectively. Instead of a separate set of judgments for each test
taker, you will have the same set of judgments applied to all test takers. Standards cannot be
objectively determined, but they can be objectively applied” [7]. In short, a standard enables
equality of treatment, as much as it permits judgments of educational quality.

Finally it must be taken into consideration to everyone that wants to set standards in the edu-
cational procedures that must work at least on two categories of standards [8]:

e 'Technical Standards

* Educational - Learning Standards (methods, practices etc)

There ate already standards in the field mentioned above and are ready for usel. Some of them
are already implemented in some European or National Research projects.

3. Need for the Implementation Guide

In order to use standards in the educational procedures and especially in schools and courses
that use ICT, it is essential to realize some specific actions such as:

* Every initiative that is based on ideas and proposals concerning the educational pro-
cedure must be realised and accompanied by specific processes and procedures that
must be identified and followed.

* Every project concerning the implementation of educational applications must be
accompanied by an “Implementation Guide”

*  Recommend the standardization of the methodologies and practices, and even more
the evaluation scheme. The availability of a standardization scheme is particularly
important, as is the establishing of conditions conducive to change and to adaptation
of the ways in which education and training systems are organized.

1 http://www.cenorm.be/cenorm/index.htm, http://www.iso.otg/iso/en/ISOOnline.openerpage, http://www.etsi.org

2 ZEUS Project in Greece (www.dias.ca.gr), CONNECT Project (www.connect-project.net), many project of ESA
(http://www.esa.int/export/esaCP/), and many projects of European Commission in the action of Technology
Enhanced Learning (http://www.cordis.lu/ist/directorate_e/telearn/projects_fp6.htm).
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The Implementation Guide in the educational procedures it seems to be the most important
factor for the success. It must be emphasizing on the new way of teaching and learning using
new technologies and technical aspects. It will invoke changes in how the target groups are
educated, in how their performance is assessed, and in the relationship between the educa-
tional institution and the rest of the community. It will be the first step on a journey of edu-
cational reform that might take many years. It will be the map. The achievement of the high
quality training requires the combined and continued support of all involved actors, research-
ers, policy makers and curriculum developers, educators, teachers, students and parents. It will
analytically describe the developed pedagogical approach and it must include the practices
and the methods for the implementation of the “classroom” activities as an example of good
practice. Among others the guide could address the following points:

* Tields and subjects suitable for the introduction of the new tools at the primary level
of education.

*  Motivating and de-motivating factors influencing the application of ICT for training
and professional development.

* Organisational aspects (prerequisites, infrastructure, necessary person-power) for a
successful implementation

* Specifications for the technological infrastructure

* Description of Standard critical processes and procedures that are needed to be
deploy.

* A standard management framework with critical management processes that are
needed in order to assure the level of quality for the proposed training program

The Implementation Guide must contain all the specification, practices and methods that
are needed to implement e-Learning with the proposed way and it must be separate in three
sectors:

a. training and education specifications (methods and practices)
b. technological specifications (methods and practices)

c. specifications for providing the integrated service (methods and practices)
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In the Figure 1 below there is presented an example of contents of the Implementation
Guide

CHAPTER 1: INTRODUCTION

CHAPTER 2: PROJECT'S SPECIFICATIONS
2.1 CURRENT SITUATION
2.2 STANDARDS - RESOURCES USED

CHAPTER 3: IMPLEMENTATION PREREQUISITES
3.1 REQUIRED USERS' SKILLS
3.2 REQUIRED INSTRUCTORS' SKILLS
3.3 TECHNOLOGICAL REQUIREMENTS

CHAPTER 4: METHODOLOGY FOR SYSTEM DEVELOPMENT AND PROJECT IMPLEMENTATION
4.1 TRAINING NEEDS
4.2 GENERAL PROJECT'S DESCRIPTION
4.3 SCENARIOS' AND IMPLEMENTATION PROCESSES' DESIGN
4.4 CONTENT DESIGN AND DEVELOPMENT
4.5 TRAINING METHODOLOGY
4.6 ADAPTATION - MODIFICATION PROCESSES

CHAPTER 5: ASSESSMENT AND IMPLEMENTATION RESULTS
5.1 ASSESSMENT
5.2 CONCLUSIONS
5.3 CRITICAL SUCCESS FACTORS

Figure 1: Indicative Contents of the Implementation Guide

Special care must be given to the presentation of the evaluation scheme and the evaluation
results that are expected to provide arguments in favour of the proposed learning scheme and
the ICT application to the targeted groups. This evaluation procedure must be recommended
in order to have a continuously improving training programme with high quality standards.

The evaluation scheme, the methods and practices have to follow a systematic and continuous-
ly improving way of implementation. This must be accomplice through the Implementation
Guide that will recommend the standardization of the methodologies and practices, and even
more the evaluation scheme. The availability of a standardization scheme is particulatly impor-
tant, as is the establishing of conditions conducive to change and to adaptation of the ways
in which education and training systems are organized. Furthermore it has to be considering
the technological parameter. The steps to confirm whether methodologies and practices that
are standardized are the appropriate are presenting in Figure 1. After the evaluation and the
data analysis there will be enough information in order to start writing the Implementation
Guide.
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Figure 2: The proposed approach for the development of the Implementation Guide.

The evaluation scheme must be organized in a way to assure that all the modules that are
important in the implementation of the educational procedure are evaluated. Hence the evalu-

ation must be realized to all the categories that are shown in Figure 3 to cover all the fields
of the evaluation.

Figure 3: Categories of the Evaluation Schense.

In order to collect all the abovementioned information it is important to use some instruments
[1]. These instruments must be selected and used in such a way in order to have the most
objective results and hence the most reliable evaluation for the education procedure that was
followed. The most reliable process is the combination of the following instruments:

*  Questioners

¢ Videos of the realization of the courses

* Interviews with all the people involved

The most important procedure after the collection of the data is the analysis of them and the
criteria and factors that will be used for the evaluation. The statistical analysis must be already

set up before the implementation of the courses and must be included in the Implementation
Guide.
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3. Conclusions

In conclusion it must be consider the Implementation Guide as an essential need in order to

set standards successfully in the educational procedure and especially using ICT. The objec-
tives and the aim of the developing the Implementation Guide are:

3]

(4]

5]

* Creation of a training framework that correspond to the needs of the stakeholders
(teachers, students and the community)

* Identify and present best training practices and methodologies
* Standardisation of the educational procedure

* DPresent a model for the continuous provision of training and support to the stake-
holders

* Establishment of a continuous procedure for the evaluation of the training frame-
work in order to continuous modify and adapt new procedures or methods for the
creation of a user friendly environment

* Identify and follow the basic principles and standards of an educational program

* The Implementation Guide contains all the specification, practices and methods that
are needed to implement e-Learning with a proposed way (e.g. Open and Distance
Learning via broadband networks) and it is separated in three sectors:

* training and education specifications (methods and practices)
* technological specifications (methods and practices)

* specifications for providing the integrated service (methods and practices)
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V. Broad-Band for All
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Abstract

The important features of Satellite DVB-RCS technology and the possibility of implement-
ing this technology in developing tele-education environment are analyzed. The possibility of
utilizing broadband wireless technology together with Satellite technology could provide a
widely acceptable solution to education community especially for Rural Areas. The possibility
of achieving a feasible and low cost solution is analyzed and key features of the proposed
telecommunication system architecture are reviewed. The proposed solution to decrease the
“Digital Divide” of sparsely populated areas is discussed while the principle features of a
European Commission Integrated project is presented briefly.

1. Introduction: DVB-RCS Technology

The importance of Satellite technology was initially perceived by A. Clark as early as 1946 pro-
posing the use of three artificial satellites around the world to be able to connect any point on
the earth with these three transponders. The use of satellites to provide connection between
on earth points at large distances started to be implemented in 1960’s using analog telecommu-
nication technologies. The basic technology still used in satellite transmission technology is the
frequency translation of received signals from a ground station and retransmission of received
signals towards earth in a slightly different frequency. This technology essentially is the analog
repeater technology used in terrestrial microwave links. In case of terrestrial microwave links
traditionally repeaters are installed in mountain tops to achieve as much as high geographical
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coverage. Considering the fact that the satellites could be placed in orbits as much as hundred
kilometers it is clear that very large geographical cover ages could be achieved using satellites
orbiting more than 100 km above the earth. Furthermore the placing a satellite at an orbit
of 36.000 km above the carth on the equatorial plane earth results into a geosynchronous
orbit that is the satellite rotation is almost equal to earth rotation (1 full rotation in 24 hours).
The use of geosynchronous provides the advantage that the ground terminals-transceivers to
have fixed antennas pointing towards a specific direction to transmit and receive signals using
beams aiming the satellites. However from the early days of satellite communications a serious
drawback of the geosynchronous satellites has been the very loss of signals incurred because
of the very large distance two ways propagation distance (72.000 km). In order or to compete
with this large attenuation one has to use the following technological features:

* At the ground transmitting station emit as much as possible high signal power
towatds the satellite

* Antennas used at the ground transmitting and receiving stations should have as much
as possible directive beams. The uses of highly directive beams guarantees significant
increase of receive power levels at the ground and satellite based receivers.

* Achieve the highest possible receiver sensitivity by using low noise receiver tech-
niques.

* Sophisticated modulation and demodulation techniques to achieve the best use of
received weak signals to extract information.

* Improve the satellite transponder technology in terms its transmission signal power
levels, receiver sensitivity and antenna directivities provided the required geographical
coverage is achieved.

All the above mentioned technological issues has been worked out by large research groups,
telecommunication companies and organizations during the last 30 years to achieve optimum
solutions and make satellite technology widely used by wider communities. It is important to
emphasize the fact that in parallel with satellite telecommunications transmission technology
the communications technology in 1980’ show the revolutionary introduction of fiber optics
telecommunications which allowed the possibility of expanding the digital technology widely
starting with the worldwide telephone system facilitating its digitization after an almost 100
years analog technology life.

Considering the technological limitations of the 1960’ in the field of microwave electronics
and especially of space electronics one has to rely on the use rather large size parabolic shape
antennas such as of 20-30 m in diameter requiring very expensive structures to achieve precise
pointing of the beams towards the satellites. The absence of microwave amplifier technol-
ogy resulted in the first decade satellite communications to be restricted to state monopoly
telecommunication organization. In parallel numerous military systems has been developed
providing worldwide coverage of specialized communications networks. The development
of GaAs based (Gallium Arsenide) microwave monolithic integrated circuits as spin-off of
military programs in mid-1980’s provided the opportunity of development of satellite distri-
bution of Television (TV) signals into very wide geographical areas facilitating many political
and technological changes. In this case the analog TV reception is achieved with a reasonable
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receiver antenna size such as of the order of 60-120 cm in diameter. However, only reception
capability exists in these Receive only Satellite systems. Recently the use of hybrid methods
using receive only internet terminals using terrestrial links for return path has shown the capa-
bility of satellites to provide, even though in part, wide band services. The principal obstacle
in the development of a fully autonomous satellite terminal with a wide band transmission
capability is the requirement of a rather large size antenna such as 2-4 meters in diameter. The
present day microwave technology allows the development of broadband terminals with full
autonomy using antennas of 1.8 meters. These terminals are known as VSAT (Very Large
Antenna Terminals). The rather large antenna diameter is the mane obstacle of widely using
VSAT terminals to cover social needs such as telemedicine and teleducation applications
needed urgently in rural areas where the telecommunications infrastructure still is in pre-ISDN
era. Taking into account the fact that no dramatic technological improvements is expected to
take place in the above mentioned satellite communication technologies, in recent years the
DVB-RCS (Direct Video Broadcast-Return Channel Satellite) technology has been developed.
The essential new technology used in DVB-RCS systems is the introduction of HUB with
large power transmission and antenna diameter. All communications between satellite ground
terminals passes through the HUB stations. This means that the increase of the HUB sta-
tion power levels and antenna diameter-directivity is provides the opportunity to decrease the
antenna size (60cm) and transmitter power (2-4W) of the common terminal. Standardization
of DVB-RCS networks is expected to promote the spreading of satellite technology to fill the
“Digital Gap” which resulted because of the liberalization of telecommunications in Europe
and elsewhere. The introduction of DVB-RCS technology is expected to revolutionize the use
of satellite technology and also to provide wide access to Rural Area societies to broadband
services such as teleducation, telemedicine, teleworking and entertainment. This task could be
achieved provided satellite operator will respond to this need and also through pilot project the
importance of this technology will be proved in practice. The introduction of two up/down
traveling of signals because of the use of DVB-RCS Hub results into a double time delay
in information transmission and this inevitable drawback should be treated by using proper
communication protocols.
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F-DrForward Downlink

Fig.1 DVB-RCS System Architecture
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5. Teleducation Architecture

The basic components needed in developing a wide continent area teleducation system are:

e Teleducation service provision centers

e DVB-RCS Hub ground station supporting the communication between ground ter-
minals and HUB station as well.

*  Ground terminal nodes connected to local area network to provide access to numer-
ous users.

e Application software developers to provide educational contents.

The availability of low cost DVB-RCS terminals and the auxiliary units to be installed at the
rural region is of primary point. The terminal should be easy mountable free of usual prob-
lems encountered in satellite terminals in pointing precisely antenna axis. The stability of the
antenna with environmental factors is also a highly important to achieve high reliability. The
auxiliary units needed at the DVB-RCS rural region terminal is the communication controller
unit as well as a Personal Computer Terminal with internet protocol interface. The terminal
bit rate should be at least 2Mbit/sec downlink and 512kbit/sec uplink. This capacity should be
used to serve the users through a local area network which could use standard wired local area
technologies (i.e. Ethernet, TCP/IP etc.) or Witeless Local Area Network Technologies such
IEEE 802.11 (Wireless LAN) technologies providing an easy implement able networking tech-
nology. Considering the lack of networking infrastructure in rural areas the use of Wireless
LAN technologies is extremely attractive not only in terms of easy implementation but also
low cost. Designing correctly the Local Area Network expansion to larger number of users
could be achieved. In Fig1 a typical illustration of a rural area environment is presented.

The DVB -RCS Hub is a Channel infrastructure serving large number terminals serving tel-
education (or other application) communities. The networking capability of HUB station is
an important issue guaranteeing the optimum use of available electromagnetic spectrum. The
antenna diameter of the HUB station is 4-8 meters depending of the satellite transponder
characteristics. The cost of a DVB-RCS Hub is significant as compared to the low cost satellite
terminal. The HUB station should have connection to land based wide band networks to pro-
vide the access to internet service providers and especially to teleducation content providers.

It should be emphasized that the availability of an excellent technology DVB-RCS technol-
ogy satellite technology system is only a prerequisite to develop a successful Teleducation
System. The role of pedagogues specializing in distant education is of equal important since
any advance technology could fail to provide desire results if is not supported with a correct
pedagogy strategy.
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Fig.2 DVB-RCS and Wireless Local Area Network Architecture

3. An Implementation Approach: Rural Wings European Commission IP
project.

The above mentioned approaches has been used to formulate an new European Integrated
Project (IP) within the 6’th Framework Project under the Acronym. The project will be coor-
dinated by the Microwave and Fiber Optics of the Institute of Communication and Computer
Systems-National Technical University of Athens while two leading European satellite service
providers EUTELSAT and HELLAS-SAT are members of the project. In the following Table
1 the Consortium Members of the Rural Wings project are shown.

The Rural Wings project will be based on innovation practices and techniques deployed in
industrial environments, aiming to the optimization of the new products’ development proc-
ess. The ultimate goal is the transfer of knowledge and the adjustment of these practices in
different knowledge spaces (at school, at work, at home) as a mean for interaction between
user needs and technological developments: The needs of users in rural areas feed the integra-
tion of the educational environment with dynamic requirements for new services or for the
adaptation of existing ones. In this way the users’ perception of their problems/needs leads
the development of technology and of learning practices.

In recent years there have been several initiatives in the field of satellite telecommunications
applications, in order to address the needs of rural communities. This indicates the unique
advantages of satellite technologies for providing high quality wireless broadband connection
to any type of population within large geographical areas. Rural Wings is an ambitious project
that proposes to develop an advanced learning platform through satellite DVB-RCS access
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technologies, promoting a user-centred methodological approach which constitutes its major
innovation. The main aim of the present approach is to support the creation of a new culture
in rural communities promoting digital literacy and reducing resistance to the use of new tech-
nologies. It will go a step further encouraging users to add their significant contribution to the
emerging applications by involving them in meaningful activities, tailored to address the needs
of different user groups. Thus, Rural Wings aims to offer stimulating and creative learning
environments to support vibrant user communities and will attempt an extended implementa-
tion in dozens of pilot sites in 18 countries worldwide. It is expected that Rural Wings project
will help to catalyse the satellite broadband take up in Europe and beyond.

Satellite and telecommunication Industry ~ Universities

Astrium Athabasca University
Avanti University of Barcelona
EMS Technologies POLYTECHNIC UNIVERSITY OF BUCURESTI
EUTELSAT UNIVERSITY OF AEGEAN
HELLAS SAT UNIVERSITY OF POTSDAM
FORTHnet BEN GURION UNIVERSITY
Institutions within Universities UNIVERSITY OF FONTERA
ICCS UNIVERSITY OF SALTA
MITMLab-2B1 Institutions

IIE /MULTIMEDIA INSEAD

SME FORTH

Q-PLAN IEP

Alfa-Omega Ellinogermaniki Agogi
ProgressTV Foundations

Karjalan Nettinikkarit ERC

CCD PBF

TELEMEDICINE FVG

Fourier Systems Governmental Authorities
Networks CRC (CANADA)

EDEN Goerceada Belediyesi

Table 1. Rural Wings Project Members

4. Conclusions

A short presentation of key technological aspects of satellite communications has been pre-
sented. The important features of Direct Video Broadcasting-Return Channel Satellite (DVB-
RCS) shown to be a suitable technology for teleducation applications together with wireless
local are networks to provide services to an extended user community. A short description of
the Rural Wings IP project is provided.
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Abstract

How to integrate ICT into schools in an appropriate and meaningful way remains one of
the most fraught questions in education today as teachers and policy makers alike — strive
to make the most out of the Internet and other technologies in the classroom. Choosing
appropriate content, building the necessary skills amongst teachers, finding a way to integrate
computer supported learning in all subjects, these are familiar issues. However basic access to
the Internet should not be ignored as Irish schools face a situation where large numbers of
secondary and especially primary schools have still only very basic access, depending largely
on PSTN, and at best ISDN networks, to access the Internet. City schools are offered more
and more choice according as ADSL services roll-out and competition drives costs down, but
what about the rural schools and schools in towns with populations too small to attract a com-
petitive broadband offer? Despite the best efforts of all concerned, broadband access to the
Internet in Irish schools remains considerably below FEuropean norms and there is a danger
that Irish pupils will find themselves on the wrong side of a digital divide in terms of their
access to and use of resources and opportunities afforded by fast access to the World Wide
Web. County Donegal is one of those remote and rural parts of Europe that has difficulty
meeting the access needs of schools in the region with broadband only recently coming to the
main towns in the county with little chance of its extension outside these towns in the coming
5 years. This is one of the reasons why Donegal is such an outstanding region to take part in
a project to test the viability for schools to access the Internet via satellite in the European
Space Agency (ESA)supported project, SchoolSat.
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1. The project: SchoolSat

SchoolSat is a pilot project set up in 2001 to investigate the potential of satellite to provide
Internet connectivity for schools. The impetus for SchoolSat came from ATiT, a small Belgian
firm, which had carried out research on behalf of ESA to identify those school populations
in Europe most likely to benefit from satellite access. Putting together a consortium which
included the National Technology Centre in Ireland (NCTE); Web-Sat, a Irish-based satellite
service provider; and the Donegal Education Centre representing Donegal schools, ATiT
applied for and were successful in attracting ESA funding for a pilot project in Donegal which
ran from February 2002 to February 2003.

SchoolSat provided broadband Internet access to nine secondary schools in Donegal and
the Donegal Education Centre. Each school was equipped with a small (84 cm) receive and
transmit dish, connected to a dedicated computer that acted as the satellite gateway con-
nected to the school’s LAN and offering the Web-Sat Internet access service with up to 4Mb
download to the school and 64 Kbits return. The schools taking part represent just under a
third of the secondary schools in Donegal and included every type of second level school in
the county, including vocational schools and community schools. The selection also included
schools of different sizes, ranging from Carndonagh Secondary school, the largest second-
ary school in Ireland with about 1,350 pupils to the vocational schools on Aranmore Island
with just 43 pupils. Within the schools taking part, the teachers selected were also very mixed.
They included maths teachers, history teachers, language teachers, physical education teach-
ers as well as several IT teachers. During the selection of teachers to take part, a conscious
effort was made to include a representative group of teachers, rather than to select the most
technically skilled. Once the project got off the ground, teachers in the schools taking part
were supported in their use of the Internet through a series of workshops and regular contact
with one another and the project team through an online computer conferencing system,
FirstClass.

During the project lifetime, 2 distinct but related evaluation activities took place. The first, led
by Dr. Aidan Mulkeen, an independent expert appointed by NCTE to evaluate the pedagogical
value afforded by enhanced access to the Internet and the second led by ATiT to assess the
practicalities and cost effectiveness of putting in place a satellite supported network for Irish
schools. Both evaluations resulted in public reports which are summarised here.

2. Satellite supported access to the Internet: from an educational point of
view

One of the first observations in SchoolSat was that the satellite system provided Internet
access that was considerably faster than the previous access via ISDN. As the technology is
already in commercial use with a range of clients, this observation wasn’t a big surprise. But
the fact that the satellite system was particularly useful in a schools context was.

When an individual is browsing, ISDN probably provides a reasonably fast response, and
the speed of the response is often determined by the delays in the Internet, rather than the
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bandwidth of the connection from the ISP to the user. Internet connectivity in the somewhat
unusual environment of schools is different for a number of reasons. One of them is the
high concentration of traffic into particular times, and may have marked peaks. Classes using
the Internet are likely to involve all students beginning their browsing within seconds of each
other, while there may be other times when there is no use at all.

The faster access enabled uses of the Internet which were not viable with slower access. In
Carndonagh for example, they were able to use the Skoool.ie site with 24 students online
simultaneously. In Letterkenny, students could all access Hotmail at the same time, while
before it used to take weeks just to get them all registered. In Buncrana the school reported
that ISDN used to “grid to a halt” once there were more than 6 or 7 computers connected,
while they could now use the Internet with an entire class.

The increased speed of access changed the nature of usage in the school considerably. From
the teachers and schools point of view, the satellite system opened up an entirely new way
of using the Internet in the classroom. “For the first time”, according to Colm Toland from
Cardonagh school, one of the teachers taking part, “whole classes can use the Internet at
the same time, something, which simply wasn’t possible in the past”. Students at Carrick
Vocational school did not have any access to the Internet due to the lack of access facilities
in the area. “Schoolsat has given us that access in a very efficient and effective way. Students
and teachers can now make use of the wide range of educational material available on the
net. Students will now be ‘Internet ready’ when they leave school to attend college or enter
the workplace” according to George McMullin, another teacher taking part. All nine schools
made valid educational uses of the Internet. In some cases these formed a substantial part of
the teaching of a particular subject. A series of different types of activity were carried out.

There were a variety of forms of project work.  Topics ranged from “placenames” to
“Michael Collins”. In almost all cases the students were reported to like this approach and
to be more engaged than usual. Some of the projects involved the entire class, but others
involved only a sub-group. Some schools reported that the students were particularly attracted
by the possibility of work being published online.

In others, searching for material was used as a reinforcement activity. Some teachers reported
that students were more likely to take in material they found on the web, even if it was very
similar to what they would have heard in class. They also found that students searching
for information would often find alternative views, different interpretations of a poem for
example, and have a greater sense of the complexity of an issue. Some felt that this approach
offered multiple benefits, as the students learned to search propetly, got more information and
learned to discover things for themselves. When using the “search and report” method, often
in pairs, the students also gained in presentation skills, and were very motivated.

A number of the schools reported the use of online software. The most frequently discussed
was Skoool.ie, which was listed as one of the three most used sites by six of the nine schools.
Another frequently used site was the my-etest site, which provides quizzes to match particular
textbooks. One school made particularly heavy use of Skooolie, and used it in whole-class
teaching contexts. The general method used was to teach a topic in the normal way, and then
to use the online resources as a reinforcement activity.
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The schools using my-etest reported that students, especially weak students, were very enthu-
siastic about it, and were anxious to get back and improve their scores. This is consistent with
the general pattern of research in the area of this kind of automated testing, For example
in the UK, research on Integrated Learning Systems (ILS), has reported similar increases in
motivation and determination to improve, particularly from weaker learners.

Other uses of the Internet were reported in schools. In one case a teacher used a computer
and data projector for whole-class teaching. There was also very heavy use of the Internet
in careers guidance. Sometimes this took the form of use of online resources such as
Qualifax or the CAO system, and in other cases it involved searching for information about
Universities, courses etc.

Teachers perception was that there were real learning benefits. The main benefit reported
was increased motivation. Teachers doing project work also reported increases in the students
taking responsibility for their own learning, and were pleased with the quality of work done.
The teachers using online tests reported that they seemed particularly engaging to the weaker
students, who were anxious to get back to increase their score.

One of the main conclusions of SchoolSat is that broadband Internet connectivity can facili-
tate greater use of the Internet in schools, particularly allowing whole class activities. The
example of the nine schools demonstrates that the Internet can be used in valid educational
ways within the constraints of Irish schools.

3. Satellite supported access to the Internet: from a service provider point
of view

From the service provider point of view, SchoolSat proved that putting a service like Web-Sat
in a school environment was viable and provided a great deal of evidence as to the service
requirements of a schools community. On average, each school transferred about 1GB maxi-
mum of data each month with a usage ratio of approximately 1:20 where each school down-
loaded about 20 times more content than they transmitted. Technical problems were minimal
and to a large extent such a service can be expected to run trouble-free with the minimum of
maintenance. Problems, where they occurred, had far more to do with connectivity into the
schools LAN and local maintenance issues that they had to do with any difficulty to do with
the satellite service.

Having said that, it is clear that in order for a satellite supported service to be viable, it has to
be made available to a community of school users and is not a service that can be offered on
an individual basis. In rather simple economical terms, it is just not viable to offer a service
such as SchoolSat to individual schools as installation, maintenance, and service provision
all require specific levels of buy-in to make such a service sustainable. Significant economies
of scale can be called upon in order to build a reasonable business case, but without these,
satellite service providers will struggle to offer a reasonable and long-term solution for Irish
schools regardless of brash marketing campaigns.
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This requirement for some form of centralised service provision is not all bad news however,
and another significant outcome from SchoolSat was that given schools’ tendency towards
predictable and pre-defined content, they ate in a good position to benefit from the added-
value of satellite multicasting services. During the 12 months pilot in Donegal, it was evident
that a great deal of Internet traffic was to a small set of web sites. School communities tend
to be conservative and inclined to visit the same sites, where quality, suitability of content
and safety can be guaranteed. This means that a satellite supported service that delivers a set
of pre-described content to the local server is eminently suitable and one which can deliver
significant economies of scale. To this end, Web-Sat and ATiT are now building a schools’
multicasting offer which can offer end-to-end multicasting and caching services to schools
aimed at maximising their use of the Internet and delivering safe and reliable content to the
classroom using state-of-the-art technology.

4. SchoolSat: where to from here?

SchoolSat continues in Donegal despite the fact that that the funding from ESA ended in
February 2003. The service to the schools taking part continues due in part to the direct
support of NCTE and more recently with the partial support of Udaras na Gaeltachta. This
support has guaranteed the continuation of the Web-Sat service to the schools taking part
until June 2004. After that, the situation is unclear as the Irish educational authorities struggle
with the challenge of putting in place an equitable and viable broadband access service for all
Irish schools. One thing remains clear however, given the geographical spread of Irish schools
with more than half located in rural communities or towns of less than 10,000 people and that
is that satellite services remain the only viable way to offer broadband access to the Internet
in the foreseeable future for many schools. While not cheap, the only way such services can
be offered at an affordable price is for them to be offered on a reasonably centralised basis.
Centralised purchasing and management is becoming increasingly popular with regard to ICT
service for schools generally and so the only question remaining is how to finance such a step.
Given the price of economic isolation and the need for balanced regional development, the
question remain, can the Irish educational community afford not to take the necessary steps
to put in place a broadband service that serves the needs of all Irish pupils and not just those
in large cities?

Written by Sally Reynolds and Anneleen Cosemans, ATiT, and drawing extensively upon the
evaluation work of Dr. Aidan Mulkeen, National University of Ireland, Maynooth.

For further information
Please contact Sally Reynolds
Email: Sally.Reynolds@atit.be
Telephone: +32 16 284040
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The Future of Schools from a European Union Perspective
Selecting, Analyzing and Disseminating the Most Innovative Approaches
Towards the School of Tomorrow
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Scott Hall

Institute of International Education/ Department of Education
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Abstract

What can we learn from EU-school projects about the future learning approaches? The
Huropean Union has invested massively in ICT-projects promoting innovative use of the
new technologies in school settings. The aim of the project Schoolforesight, with partners
in Bulgaria, Estonia, Greece, Rumania, Czech Republic and Sweden, is to select and reflect
on the best projects done so far. These projects will be popularized and presented at the EU
science week the autumn 2004, reaching more than 10 000 students in five countries. This
article describes and discusses the Schoolforesight project and the selection process of inno-
vative EU-projects showing the way towards tomorrow’s school. A number of best cases will
be presented and discussed in a European, American and global context. The future school is
both a question of what is possible and what is desired. Different scenarios might be prefer-
able depending on local context, history, language e t ¢ or are we all moving into the “global
classroom”?

Keywords: School of tomorrow, Information and communication technology, EU-projects,
student perspective, innovative projects.
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1. Aim and Background

The EU-funded School-foresight project aims to publicize the different visions for the “intel-
ligent school of tomorrow” unveiling, particularly to school students, new horizons that are
created thanks to the contribution of scientific and technological achievements from vari-
ous EU-projects. In particular ongoing or completed projects in or related to the 5th or 6th
Framework program in the area “School of tomorrow”. The total budget was 14 960 Million
euro for the activities in the 5th Framework program of the European Community for
research, technological development and demonstration activities, 1998 — 2002 [1]. The focus
areas of the 5th framework program were [2]:

*  Quality of life and management of living resources

*  User-friendly information society

* Competitive and sustainable growth

* Energy, environment and sustainable development

e Confirming the international role of Community research

* Promotion of innovation and encouragement of participation of SMEs

* Improving human research potential and the socio-economic knowledge base
* Improving the socio-economic knowledge base

* Joint Research Centre

The 6th Framework program is currently in operation, 2002 — 2006. The seven areas of priot-
ity of the 6th Framework program are, quote from the official EU-site [3]:

1. Life sciences, genomics and biotechnology for health: a) The new picture of health
Genome sequencing, including of human beings, is bringing new prospects for
molecular biology and genetics which are as yet difficult to gauge, b) A European
priority Research in the field of post-genomics and biotechnologies for health not
only meets the expectations of European society but also the hopes of developing
countries where health conditions must not deteriorate any further.

2. Information society technologies (IST): a) The ‘all-communicating’ world Our domes-
tic appliances, our environment and our health, our way of working and learning...
The information and knowledge-based society is immersing us in an ‘e-civilisation’, b)
The age of ambient intelligence. How research is helping to create an intelligent and
interactive environment which places the human being at the centre of developments
in information technologies.

3. Nanotechnologies and nanosciences, knowledge-based multifunctional materials and
new production processes and devices: a) The nano revolution. Mastering the arrange-
ments between atoms to form nanosystems is leading to applications which herald a
new and innovative age of technology, b) A critical need for a European dimension.
A concerted European approach is essential to achieve the major fundamental and
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applied research effort needed to make the most of the opportunities of the ‘nano’
age.

4. Aecronautics and Space: a) Onward and upward. Safety, profitability and sustainability
are the three leitmotifs of aeronautics research. Europe possesses real potential in
this promising field, as it does in space research, b) Striving for excellence. Public and
private research combine with particular effectiveness in the aeronautics and space
sectof.

5. Food quality and safety a) The paradox of progress. The agri-foodstuffs sector is sub-
ject to increasingly stringent regulations, standards, monitoring procedures and quality
control. Yet recent years have brought some dramatic failings in the form of BSE,
dioxins, listerioris and salmonella, b) From the farm to the fork The spotlight on the
Union’s responsibility at every stage of the agri-foodstuffs chain and future research
prospects in this field ¢) Communication: a challenge and a duty Consumer concerns
about food safety and their level of confidence in the information provided on the
subject are a major challenge for European politicians and scientists.

6. Sustainable development, global change and ecosystems: a) Earth in the balance.
Sustainable development is crucial to humanity’s future. This is why it is a vital dimen-
sion of the work of scientists and researchers in all fields, b) Time to decide. Energy
and transport — the two most strategic elements of sustainable development — are a
priority sector within the Union’s scientific policy, together with (strategic) research on
global change.

7. Citizens and governance in a knowledge-based society: a) The return of the human
sciences. The contribution of human and social sciences in fields as diverse as health,
information technologies or the environment. Plus the new light they are shedding
on multidisciplinary research, b) How can progress be controlled? Restoring relations
between science and the citizen, between tesearch and society.

The School-Foresight project is a one year project that began in January 2004. It is coordi-
nated by Q-plan in Greece and consists of the following partners Q-PLAN S.A., Greece [4];
Ellinogermaniki Agogi, Greece [5]; Institute of International Education, Stockholm University,
Sweden [6]; S.C. IPA R&D, Engineering and Production for Automatisation, Romania [7];
Center for Prospective Studies at the Technical University of Sofia, Bulgaria [8]; Alfa-Omega
Communications Ltd., Estonia [9]; and Gymnazium FX.Saldy, Czech Republic [10].

2. Methodology

Projects were selected in two scientific and technological domains: 1) new learning approaches
using information and communication technologies (ICT) and 2) Eco-efficient technologies in
intelligent school buildings. This paper describes the selection of only the first category.

The selected projects will be popularized with posters, radio, TV and demonstrations to more
than 10,000 secondary school students in Bulgaria, Estonia, Greece, Rumania and Czech
Republic this autumn in conjunction with the European Union Science week. Students in the
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five countries mentioned are also invited to participate in a contest — writing an essay about
the school of tomorrow from their perspective. The winners will receive their prizes at the
science week.

The first step in selecting the target group of about 15 innovative projects was search, find,
read and interpret the available information online with the following criteria as “filter”: 1)
The project has received money through the IST (Information Society Technologies) area of
European Union research funding, 2) the project is directed toward secondary school students
and/or secondary schools, 3) and the project can in some way be seen as promoting the
“School of Tomorrow” through some sort of pedagogical and/or technological innovation.

The main source of information at the start was the published reports cataloged on various
European Union eLearning project websites. In particular the site www.elearningeuropa.info
was used, because of the amount of information available [11]. Other published information
was used in conjunction with this site. Even searching using Google was needed in order to
put all the pieces together for some projects and to realize their value to the project.

The first screening consisted of more than 800 projects, out of which 60 projects were
selected for detailed further studies. After being selected using the three criteria above the
projects were looked at closer to insure their relevance to School Foresight. At least a second
source was used to verify the information about the projects. This checking also allowed for a
closer reading of the project’s details. The 60 projects were categorized in thematic areas like
science projects, language projects, etc. After they were organized this way a rating of either
1 (first rated) or 2 (rated number two in the category) was given to each project. Looking at
the projects in this way allowed us to see the projects next to each other and clear divides were
created in the different thematic areas. The projects given a 1 were considered the next level
of selected projects. The 60 identified cases were then narrowed down to 35 cases.

The next step of the research was taken on two fronts. In this process their specific websites
were visited, when available and other databases of information were reviewed to gather fur-
ther information. For each of the 35 projects catchy headlines and short descriptions were
created. This gave the project partners something they could read through and comment on
in a meaningful way. The intension here was to have all project partners contribute to an open
dialogue about the value of each project. In the end we relied mostly on Ellinogermaniki
Agogi for selection help.

At the same time this was going on a questionnaire was sent to EU-officials with a central
position in project management and with deep knowledge about the projects in order to con-
sult them about innovative cases. The replies from experts in the different European Union
countries associated with the European Schoolnet gave certain projects more value and also
revealed others not included in the original list of projects. The value of these responses is in
the fact the people contacted are experts in their national education departments. Beyond the
Huropean Schoolnet some of the School Foresight partners have been involved in the pool
of projects. Their experience at a national level, as well as a direct project level, makes their
opinions valuable.

To continue beyond the 35 project selection a weighting system was devised. The areas graded
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were innovation, attractiveness to secondary students, help with understanding, learner sup-
port, and independent learning, The first 3 mentioned were given double weight compared
to the other 2. A table was created for each project and the different contributing members
weighed the projects based on the readings available on the projects. Although the weighting
was used to measure the projects and establish which would be most suitable, a more holistic
approach was used. It was decided among the different project partners that the criteria was
good but may not allow certain projects with real value to be selected. The analogy of the
decathlete and specialist sprinter was used. A decathlete will have no problem scoring well in
many different types of areas. A sprinter, even the best sprinter, will have difficulty doing well
in another event. For this reason certain projects were given more weight even though they
may have scored low on the weighting system described above. The Institute of International
Education sent 14 letters and on Ellinogermaniki Agogi sent 11 letters. The reason for this
direct contact was we needed to cooperation of the projects to include them in the School
Foresight project. Projects that would not cooperate, or would not provide information to us
about their project would be eliminated from the selection. From the e-mails there were 14
replies. E-mails were re-sent to the project coordinators. After about 2 weeks. In many cases
all project partners were sent the e-mail. This proved effective in a number of cases. From
the 14 project replies phone interviews were conducted.

The list of 22 projects was in theory quite a good list of projects from the 5th and 6th frame-
work funded projects in education for secondary education that have made a contribution to
the school of tomorrow. The human reality of our work has come out again. While all have
been contacted many did not bother to reply. Some very innovative projects like Imutus music
project would have been a good addition to School Foresight. They were unable to provide
the necessary information needed to participate. Their exclusion has only affected our results
slightly. As mentioned before, traveling around for to gather the needed understanding of the
various projects would have helped this type of problem. The problem could be written off
to a lack of social presence. It is easy to dismiss an e-mail but in person or even in a phone
interview it is easy to be understood as well as convey information easily.

The phone interviews involved a pre-set list of question. The idea was to have the person
contacted identify certain details about the project that may not have come out from reading
the websites and other written information. Thirteen interviews wete conducted over about
3 weeks. The interviews were recorded and transcribed later. This contact proved invaluable
to the project selection.

In the various discussions different details and issues were highlichted. In one case a new
project was found due to the project we selected being outdated. In other cases the details of
the project made it clear it would not be suitable for the School Foresight project. 12 projects
have been settled and agreed upon by the different project partners. The final selected projects
for the School Foresight science week, in no particular order, are in the appendix.

The projects selected where then grouped in themes: 1) Science projects 2) Language projects
3) Collaborative Learning / Teaching and Online Content 4) Culture and Personal / Social
Education and 5) Mobile Learning, In the following section the projects are desctibed more
in detail.
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3. Results

In the assessment of the new learning approaches using information and communication
technologies projects different themes emerged allowing for projects to be categorized. The
five themes are Science, Language, Collaborative Learning, Personal and /Social Education,
and Mobile Learning projects.

Science. The science projects combine technology and pedagogy to excite students learning
different fields of science. The project Lab of Tomorrow is one such example. In the project
science is been taught through the everyday experiences and objects. The project has created
a number of ambient technologies. These technologies allow students to explore and learn
different complex science concepts. Joining these new technologies and pedagogical innova-
tions enhances the learning process. One of the technologies developed is a football with
various sensors built into it. Students use the ball to test reaction times or measure pressures
exerted by kicking the ball. The project has also created a series of cameras to map the trajec-
tory of the ball. The film and forces on the ball can be used to practically teach and allow
students to explore concepts before explained in textbooks and were difficult to demonstrate
in meaningful ways. Another exciting aspect of the Lab of Tomorrow project is the different
technologies students can wear to measure heart rate, temperature and position. The peda-
gogy employed is one of sharing results and experiences with students in the same school and
in different countries. Allowing for true inquiry into the concepts allows for deeper learning,
Finally the project exposes science to students in a real way and may attract them to the field
in the future. [12]

Exodus, teaching science with robotic telescopes, and Coldex, collaborative learning and dis-
tributed experimentation, are other exciting examples of science projects being promoted by
School Foresight.

Language. The great number of language projects in the initial pool of projects highlights the
importance given to multilingualism and mobility in the European Union. One such project
identified by the School Foresight project is called Fluent. Many language and technology
projects have a focus on written text and reading comprehension. Fluent is a project employ-
ing technology to learn how to speak languages. One of the aims of the project is to provide
a means of teaching or learning any one of 11 European languages through the interaction
with a computer and specifically designed technologies. Internet and a CD-ROM have been
developed to allow students to learn correct pronunciations when learning a new language
from the start. The design allows for students to work independently or in the classroom
setting. The tool is split into 3 modules all designed for maximum learning and ease of use
for the students. While pronunciation is the most obvious innovation, Fluent strives to be a
rounded language learning tool to motivate and ensure success for its students. [13]

Linc is another aiming for life without dubbing across Europe. Linc’s approach is focused on
meaningful exercises with the CD-ROM and connections to the Internet for further learning,
Linc provides motivating lessons for learning language and understanding cultures. Lessons
are based on real news clips taken from the different countries. Language learning is done
through discussions in class about the news footage. Students go through the material in their
own time and use class time for discussion and reflection in the target language. Students
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spend time studying by looking through video clips from news and other programs. The
student’s written and spoken language learning is monitored by a tutor/teacher online ot in
person. Language learning is conducted in a meaningful, adult way. First words are heard dur-
ing the news extract and looked up by the student. Different vocabulary exercises allow for
new vocabulary to be practiced. Vocabulary is also presented in written sentences and listening
exercises. Students use the new words in written and listening exercises to help mastery.

Collaborative learning. One trend the research has uncovered is secondary school projects
focusing on collaborative learning and teaching. Basically using communication technologies
to collaborate or share experiences across different themes or all together in multi disciplinary
type projects. One such project is called School+.

School+ is a platform for learning. An innovative educational approach is used to engage
students in meaningful activities. The outcomes of the activities can be varied. The learning
environment system is based on a number of state-of-the-art technologies. The educational
approach has been designed to promote high order thinking, creativity, and teamwork that use
a range of ICT tools. On aspect of School+ is the reusability and diversity of the platform.
Instead of being an ICT tool meant for a specific purpose, School+ allows the user great
flexibility. This flexibility will allow this tool to be widely used, thus changing how schools
work. School+ can be seen as a complete computer-based learning system accessible 24 hours
a day. [14]

School+ is only one of a number of collaborative learning and teaching projects. There are
three other examples of collaborative learning and teaching types of project identified by the
School Foresight project. Agroweb aims at innovating approaches to facilitate interdisciplinary
work and collaboration. The European SchoolNet has also made many contributions to this
area. The School Foresight project has identified ZAP as relevant and exciting for promotion
to secondary school students. Finally the WebTV for Schools project addresses TV program
for students by students on the web.

The last project in this area is called Hero(dot)eNews. Students are asked to share the experi-
ences from their own community in Hero(dot)eNews as well. The focus of this project is
citizenship and learning about environmental issues by sharing your local situation with the
greater European community. Students acts as journalists writing reports about their local
environmental issues, potential solutions, or related issues. Their articles are posted on the
platform and discussions are conducted around the different issues. Bringing the real to
technology in this Aristotelian approach allow students to become participants as learners
and teachers. This shift is another challenging the bounds of current school systems. Time
is needed for this type of project. The scope is multidisciplinary. The marriage of ICT and
environmental learning has been well developed in this project. It is attractive and innovative
project in the collaborative learning area of School Foresight.

Personal and Social Education. Victec is the project representing this theme for School
Foresight. The project has developed a prototype of a virtual graphical drama for anti-bully-
ing education. In a role play type of scenario one interacts with empathetic characters. These
characters are able to react to your responses and discussions. The result is an emergent nar-
rative, or a story that develops as it is being told. The project is innovative and attractive for
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a number of reasons. The fact that ICT is being used to develop the area of personal and
social education is notable. The application of this ICT innovation in this area could carry
over to other aspects of the theme, like drug awareness, and sex education. Victec makes the
focus of the activities emotions and attitudes not simply knowledge. This is something that
the innovations in the Victec projects have allowed possible. [16]

Mobile Learning, New technologies have made it possible to be in touch when and where
you need to be. The saturation of mobile phone use across Europe has put people together
in new, dynamic ways. News ways of using these technologies for teaching purpose are being
developed. As these technologies come down in price and the units themselves become more
versatile the possibilities are being exploited. Anytime anywhere learning is no longer fantasy
but a reality needed to explore from a structural and pedagogical position.

MoTFAL is a project identified by School Foresight as innovative and attractive in the area of
mobile technology. Combining students exploring the environment, either a historical place
or natural area, they are always connected to the internet to access information. The different
things they observe can be photographed and shared with others in the same class or posted to
be shared with many classes from around the world. Technology is being exploited to connect
students to students, students to information and intimately students to rewarding learning
experiences. This deductive learning approach has been tested in two schools in Greece and
Spain. The project contributes to the school of tomorrow in a few unique ways. Some tech-
nologies are expensive and in turn access is blocked to many people. In MoTFAL the school
is providing the technology and structure so the students can benefit. The technology and
even access to Internet is out of the reach of many. The school in this projects acts as a cen-
tral point where technology and infrastructure are connected to many. IN the project mobile
technology is explored as a component in education. The attractiveness and innovation is well
balanced and the MoTFAL is an excellent example of the types of projects contributing and
pushing the school of tomorrow in a real way [17].

4. Conclusion

The projects selected for promotion by the School Foresight during Science Week 2004 are
attempting to represent the best examples of new technologies incorporated into secondary
school education. In the broadest sense the School Foresight is highlighting these projects to
show what is possible for the school of tomorrow. The twelve projects are the result of many
different multinational consortiums across Europe. These networks of secondary schools,
universities, and private firms grow with each of the successful collaborations. The reality
for many of the projects identified in the School Foresight project is they are projects that
work and are used today. In this way they are not really viewed as the school of the future but
of what a school of the future could be. To allow these projects and others like them to be
incorporated into schools many things may need to change in the future. School structures,
relationship between students and teachers, and technological infrastructures all may need to
change in some way or another if the vision of the school of the future that can be seen from
these projects will be realized.
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Appendix . The twelve

selected projects — title, theme, countries involved and

URL
Title Theme Countries involved URL
Selected Projects
Lab of Science England, Germany, http://www.laboftomorrow.org
Tomorrow Austria, Italy, Greece
EUDOXOS Science Greece, Austria, Italy, | http://www3.ellinogermaniki.gr/
Spain ep/eudoxos/htm/index.htm
Coldex Science Germany, Chile, http://www.coldex.info
Sweden, Spain,
Portugal
Fluent Language Ttaly, Denmark, http://www.curofluent.net/
Sweden, Spain,
Belgium, France,
England, Netherlands,
Norway
Linc Language Belgium, Denmark, http://www.uia.ac.be/linc/
Finland, Sweden, linc.html
Netherlands, Hungary,
Italy, Estonia,
CzechRepublic,
Lithuania, Poland
School+ Collaborative Finland, Greece, http://www.school-plus.org
Learning/Teaching Israel, Czech Republic | http://web.udg.es/tiec/orals/
c2.pdf
AGROweb Collaborative Germany, Austtia, http://www2.ellinogermaniki.gr/
Learning/Teaching Greece, Denmark, ep/agroweb/
Portugal
ZAP Collaborative All WWW.eun.org
Learning/Teaching
WebTV for Collaborative Denmark, Finland, http://www.students-webtv.com/
Schools Learning/Teaching Greece, Austtia, index.php
France, Germany
Victec Personal and Social | Spain, England, http:/ /www.victec.otg/
Education Greece
HerodoteNews | Collaborative Austria, England, http://www.zgis.at/ed4news/
Learning/Teaching | Finland, Romania,
Bulgaria
MoTFAL Mobile Learning Greece, Spain, ungary | http://www3.ellinogermaniki.gr/
ep/motfal/
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Looking at the School of the Future
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Abstract

Information and communication technologies are changing society. Education resisted as last
conservative bastion but technology is penetrating and overflowing fast. The implementation
of technology is taking place in a varied rate and manner. With existing technology there are
new trends and methods that are gaining grounds in everyday life and in school practice. At
school cross curriculum approach is gaining ground and in a more theoretical level the belief
that knowledge can be gained from other sources as libraries, museums, archives and galler-
ies. Finally virtual reality and games incorporating state of the art technology since they are
deployed the market promise to bring a substantial change in the way teaching can be less
boring and more adventurous. Training and a culture for technology could make the transition
casier and mote beneficial.

1. Advances in technology

Information and Communication Technologies (ICT) have invaded dynamically in every
aspect of contemporary life. In almost all organizations one can find nowadays departments
that operate aiming to develop or to make wider use of ICT applications at the organisation’s
benefit. ICT are a substantial part in every system that bring about important and fast changes
in work, at home, in economy, in civilization and in social integration. Inevitably they affect
lifestyle at a increasing speed and gradually have also a considerable impact on the society’s val-
ues by introducing new parameters and new issues to many activities. Their dynamic character
and their significance are so high that some figures related to their uses have become indices
of social and economic growth (e.g. number of personal computers per 1000 inhabitants,
number of Internet connections, number of sites developed and experts on relative fields/
professions per population unit). Some scientific and professional fields have been altered in
a dramatic way by means of ICT such as medicine, (drugs, artificial limps, DNA study, trans-
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plants etc all directly or indirectly affected by ICT) communications (Internet, mobile phones,
satellites etc) and others but not education.

2. Education and Technology

Education, a fast growing of sector of social and economic activity that relates today’s effort
to tomorrow’s quality of life, is definitely sieged by ICT. Everybody is awate of that:
Education specialists have already answered positively to the introduction of ICT in schools
accepting that advantages are so many that they worth most problems related to ICT.
Nevertheless, surprisingly enough, apart from the initial move of introducing computers
and internet to schools there is no general strategy for further developments. Constructivism
seems to favour ICT and this is important since it provides a well accepted theoretical backing
for ICT in education. Yet something is missing.

Education will gain from technology. This statement is possibly correct but to what degree?
How far is technology going to affect school? Will there be any school in the future? Will
there be classes, curricula and modules? Will things in education change dramatically with the
application of technology in school?

3. The Discussion

We are doing the following discussion having in mind the contemporary — existing technol-
o8y

We assume that in the near future technology will develop not in a linear but in an accelerat-
ing but foreseeable speed. That means that it is difficult to predict or realize the extent of
nonlinearities that may occur. However if one wants to make analogies, in the past societies
have many times experienced the dramatic extensive effects of such nonlinear developments
(for example the evolution from electronic valve to transistor to integrated circuit and from
copper wire to optical fibres). In the next paragraphs some points of well known methods
and technologies will be discussed. It is anticipated that these methods will have a great use
and effect in the school of the future.

4. Scaling Issues of ICT in Education

In order to have a sense of the magnitude and the speed of the deployment of ICT in educa-
tion one has to examine some parameters, as they are reported below:

In assessing the dimensions of change, a time parameter should be taken into account. ICT
have been introduced at schools but not simultaneously in every country and not in every
school. Their introduction has gone through controversies, doubts, different attitudes and
stances, syndromes of technophobia and weaknesses of ICT technology itself. All these seem
to belong to the past. The introduction of ICT in education from now on is only a matter of
policy, time and money. Those who decide to introduce ICT can now catch up much faster
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than before since they have in front of them equipment and programmes which are friendlier
in use, very efficient in operation. In the same sense, the technological environment will be
much different, probably friendlier.

Since technology is not equally used in different societies, in assessing the dimensions of
change, a space parameter should be taken into account. In the United States ICT is already
used in education extensively, in Europe it is used up to a far lesser extent and in Third World
countries it is almost not used at all. If we assume that the technological stages of the United
States now are similar to the technological stages that the third world societies are going to
meet some years later, then the present state of ICT in the USA’s education can be consid-
ered as the target that the whole world tends to reach. This is a reference to a benchmarking
method of assessing the situation.

Yet, development does not necessarily mean that all countries will follow the paths that present
societies have followed. In the same way as the growth in some countries occurred without
going through an industrial revolution, it is expected that each country may follow alternative
ways for social and technological advancements.

It is necessary to find a threshold between what constitutes a big or systemic change —i.e. one
that signals the beginning of a new era- and what may be considered as a small-scale develop-
ment that simply improves an already existing system. For instance, is distance education a
dramatic change in teaching?

5. The Challenge of Individual Subjects: Cross-Curriculum Approach

Adaptation of education to the new social, cultural, and economic reality and improvement
of educational quality are main challenges of any educational system. Therefore educational
change should be continuous, although sometimes it follows the pendulum model.
Interdisciplinarity, in the sense of a cross curriculum thematic approach is a new way of organ-
ising the curriculum aiming to address individual subjects in an integrated sence. According to
such an approach, as an example, one can teach the subjects of mathematics, geography and
language along the axis of a single project. According to the theory of constructivism, such an
approach helps pupils to develop their own knowledge in a holistic and integrated way which
seems to be closer to reality.

Cross curriculum thematic approach, as we have experienced it up to now, represents teaching
a methodology and not the subjects it tackles. It is applied as a pilot method rather than as
an indispensable part of the curriculum. An interdisciplinary application, usually in the form
of a “project” and most of the times as an isolated part of a strongly cohesive traditional cut-
riculum has not many chances to show its potential. Many parameters difficult to handle are
hindering their extensive use as time, teacher’s acquaintance with the subject and evaluation.
Cross curriculum approaches are better handled with the use of ICT, since ICT are “multidis-
ciplinary in themselves”. ICT help along many directions such as collection of information,
calculations, writing, drawing and presenting. They help in the designing organising, managing
and evaluating a multidisciplinary project.

Cross curriculum approaches are used a lot in the Multigrade schools, the “forefathers” of our
contemporary school system. The reason for it is the different organisational scheme that is
followed in these schools. Could these multigrade interdisciplinary teaching approaches based
heavily on ICT be considered as grandfathers for something new?
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This point seems to be a really interesting source of inspiration and, of course, a field for
experimentation. Futurists envisaging the future school can work out an interdisciplinary cur-
riculum based extensively on ICT as an appropriate teaching model for the school of the
future.

6. The Challenge of the Third Person Experience: Virtual Reality

Up to now all knowledge of humanity is stored and transferred using alphabets and other
symbols. In the era of new technology not only the sound and the view (images and video)
of reality can be conveyed, but also an integrated system of representation of first person
experiences; virtual reality (VR). First person experiences are direct; do not require the use of
symbols (such as language, letters and numbers) and they are subjective. On the other hand,
third person experiences are indirect, require the use of symbols and provide the point of view
or the beliefs of the one that conveys knowledge. As an example, seeing a movie is a totally
different experience than having someone/something describe to you that movie. In theory,
VR places the user in a synthetic 3D environment without restrictions -same or completely dif-
ferent from reality- where he/she is free to select his/her own path, to freely explore anything,
whenever and whichever way he/she likes, to manipulate time and space. Thus, the user has
first person experiences and creates reconstructions of the real world that she/he encounters.
Learning in such an environment is definitely a dynamic process determined by the user who
sets the aims and changes them at will and the outcomes of the training process differ from
individual to individual. In addition to all the above, VR can also provide third person experi-
ences if we choose to limit what the user can do in the synthetic environment.

The technical and financial parameters of VR are favourable now and since offers a totally
new environment for teaching experiences and skills unheard off in the past, it will be used
extensively in the school of the future.

7. Games

A new fast spreading entertainment for students and young people are games and these form
a new way to interact with technology. They carry important clues to interact with technology
because they require cooperation and interdependence.

Young people play online not only for communication purposes or in order to find informa-
tion but also because there are online activities which may be characterized as emotion-rich.
Following the last 30 years diffusion theory, it seems likely that sophisticated simulations and
virtual worlds will be the next innovative panacea in education Smart and very friendly inter-
faces with the appearance of a well known actor, a dog, a friend and so on are expected to
give personalized messages to the happy recipients of the new technology. Games are related
to VR in many ways so there will be fusion between the two technologies.

It may well be that these games will be the effective and attractive teaching schemes of the
future.
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8. The End of the School Monopoly on Knowledge: Other Sources of
Knowledge

Reports have shown that Archives, Museums, and Libraries have a great impact on culture
as well as on personal and societal level of knowledge. No one doubts that it is difficult to
talk about them in an aggregate way, since each Museum and Library has its own aims and its
own way of operating. However we all agree that all of them can be considered as important
tools for public knowledge at the service of scientists, researchers, teachers and students or
anyone who visits them. The traces of their activities justify their function and define their
uses. However how many can visit them? In the new era of Internet and Communication,
electronic Archives, Museums and Libraries have a lot to offer to education. Most important
they can reach those who have access to ICT and their contents can be available as authorised
and organised information to students and educators.

By means of such electronic museums, archives and libraries, ICT users learn how to approach
new fields of information, evaluate and select information, get material at a distance (archival,
photographic, museum and bibliographic), comprehend structures, handle general educational
programmes, convert the new coming information elements into knowledge and productive
ideas and reach intellectual maturity. This is not easy: It requires attention and high level of
collaboration between teachers and students, but it opens new ways in knowledge and pro-
motes educational attitudes and methodologies.

The ICT era signals the end of the school’s monopoly of knowledge. School as producer of
knowledge has already entered in a “market” that becomes more competitive as time passes.
Tt will survive if it differentiates its roles with respect to knowledge but also to teachers care
and communication.

For the school of the future, administration will be a minor user of its communication infra-
structure.

9. How Can We Participate in Shaping the Future?

Technology is developing and this evolution up to now was irrespective of the needs of edu-
cation. If education was to use technology, it had to adapt to it. It is important however for
education to take an active role: Education has to define its needs and ask for purposed-built
technology and for made-to-measure applications. We have seen some cases along these lines,
one is the less-than-a-hundred-dollar computer that is negotiated between people of educa-
tion and technology nowadays. Such an active role requires:

1. Research in educational technology and development of new applications that will
make teaching more effective;

2. Research in education that will develop new theories, methods and strategies and will
lead to a systemic reshaping of the curriculum;

3. Political will for this change and brave decision as to what is to be included in the
curriculum;
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4. Teacher training in ICT, so as to discover the capabilities of technology, to get famil-
iarised to them and to fully exploit their capabilities.

10. Conclusions

If we ask pupils (and teachers) we shall reach the conclusion that today’s school is boring,
especially if compared with other fields of life. The future’s school, relying on ICT, can
become a place where students work, play and learn while engaged in much more enjoyable
activities.

Our overall opinion: Technology broadens our horizons and gives us an option. We have to
redevelop new strategies and new plans to use it. But before that we need to develop a culture
for technology through knowledge.

Technology has a great potential: It is like a language. All of us have to learn it, to master it, to
communicate and to create using it. We have just started living with technology and we have
still a long way to go.

Technology is like the wind. Education should open its windows, let the wind come in and
develop sails that will exploit technology in a sustainable way and explore the ever sustainable
knowledge.
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Abstract

The aim of D-Space project is to deploy a virtual science thematic park that will connect
schools, universities, science museums and parks with a network of robotic telescopes around
the world. It is an eighteen months’ validation project, co-funded by eTEN, with the ambition
to provide a real service to the potentials users, supported by a viable business model. The
offered service will give the opportunity to remotely located users to perform observations by
using the robotic telescopes of D-Space.

1. Introduction

It is well known that all great ancient civilizations were particularly interested in a unique
resource of knowledge: the sky. The sky, with all its planets, has always fascinated the mind
of the people, has always been a driver for the search of scientific truth. This ancient need
is originally conveyed in the D-Space project, by the full deployment of the contemporary
technological solutions. On top of this need, the advancement towards the knowledge society,
depicts e-learning as a tool that has to be developed as well, evolving the way of learning
towards a more informal self-controlled one, making real the dream of lifelong learning, The
aim of D-Space project is to deliver a real, viable financially, service, by deploying a virtual
science thematic park, that will connect organized scientific communities and individuals with
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a network a robotic telescopes, around the world.

Figure 1: Overview of D-Space system.

2. D-Space Approach

D-Space has its foundations to the EUDOXOS platform, which was developed in the
EUDOXOS project [1]. The interface and all associated tools are web-based. The service is
currently running for a hundred schools from different European countries. The schools are
connected to the telescopes and are performing day and night observations facilitating the five
telescopes of the participating observatories. Namely, there are two telescopes in Kefalonia
(Greece), the Liverpool Telescope, which is the largest robotic telescope in the world and
is located on the island of ILa Palma in the Canaries, and two telescopes in Herstmonceux

(UK).

Figure 2: Andreas Michalitsianos
Telescope, located on mountain Endoxos
of Kefalonia island
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It is apparent that D-Space is based on a distributed system with observatories distributed
across the globe. Each observatory hosts at least one telescope server to store information
that is local and relevant to each telescope at that observatory, including telescope properties,
schedule, and availability. This information is stored in a virtual telescope object. There is also
a main D-Space server that hosts the D-Space platform, the scheduler and the polling and
updating agent. The last one communicates with the robotic telescopes.

D-Space platform has four key components, namely the Web services, the Communication
platform, the Observation Area, the Upload Mechanism for managing the telescope resources
and the Resources Database/Library. The access to the tools requires registration. The user
information will be stored securely in the Database and will be available only to authorized
persons. Users have to log on for each session. Registration will avoid the use of persistent
cookies and will allow the system to identify the unique individual using the telescopes at that
moment in time, as at school and even in a home environment, multiple users shate a single
computer. User preferences will be stored in the Database.

The web-based services offered by D-Space platform include: registration and authentication
services for all users, profiling services based on the registration and the authentication serv-
ices, and customization and personalization services.

The D-Space Consortium is comprised of different market stakeholders, each of them con-
veying its expertise and commitment for the successful delivery of an integrated D-Space
service. Namely, OTE S.A. 2], the largest provider of telecommunication services in Greece,
is D-Space coordinator. OTE is currently collaborating with Ellinogermaniki Agogi (EA)
[3] and the Research Foundation of Kefallonia (RFK) [4] in order to create an advanced
communication system (including satellite link through DVB-RCS platform utilization5) for
the EUDOXOS observatory. OTE has great interest in deploying such advanced services
over wired and wireless broadband networks for Greece and the Balkan area in general. Q-
PLAN S.A. is responsible for the Market analysis and the development of the Business Plan.
TELEFONICA I+D [6] will provide the broadband services for the data transfer from the
telescopes to the users. TELEFONICA has great interest in the specific case not only for
deployment in the Spanish market but also for exploitation in Latin America (through the
collaboration with ESO). The Telescope Technologies LTD [7] has pioneered the manufac-
ture of large fully automated (robotic) telescopes using state-of-the-art systems developed for
some of the world’s largest and most sophisticated conventional telescopes. It has brought
this endeavor to a successful conclusion with the manufacture and delivery of four 2m tel-
escopes which are the largest robotic and most advanced technology telescopes of their class
in the world. Ellinogermaniki Agogi (EA) is a private educational institution which introduces
advanced technological applications in real school environments. The group is mainly working
on the determination of the implementation parameters, on the pedagogical evaluation and
on the validation of the proposed applications. Ellinogermaniki Agogi is the main pedagogi-
cal partner in the EUDOXOS project and coordinator of the school network. The group has
also designed and developed the EUDOXOS platform on which the D-Space system will
be based. Ellinogermaniki Agogi is closely collaborating with the Research Foundation of
Kefalonia which runs the EUDOXOS robotic telescope which will be used during the pilots.
The consortium includes two science centres, the Research Foundation of Kefalonia and the
Observatory Science Centre at Herstmonceux, which are connected to the telescopes of the
D-Space service in order to give the opportunity to their visitors to perform real observations.
The MENON Network will coordinate the validation study of the D-Space service by extend-
ing the trials of the system to a big number of users across Europe and by setting up the
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D-Space User Group. Finally, the dissemination and marketing strategy of the project will be
supported by the involvement of the European Physical Society which represents over 80,000
members and physicists through its 38 national member societies.

The D-Space project main objectives include:

a. Feasibility study of the operation of a network of remotely controlled robotic tel-
escopes.

b. Extended market survey for the estimation of the size of a target market and market
potentials.

c. Extended validation phase of the D-Space service in real environments.

d. Feasibility study of the business case for the stakeholders involved.

The potential customers are divided in four major categories; educational institutions (e.g
schools), research institutes, scientific museums, (e.g. science centers and parks) and wider
public (individuals). It is foreseen that the main target market will be formal learning institu-
tions — schools and universities - and informal learning establishments (science centers and
science parks), all over the world. The end user in this case will be a student, an educator or a
researcher. Additionally, the end-user might be a visitor of the science centers and parks. The
user will be provided with the services by the affiliated institution and he/she will be able to
make astronomical observations through the use of remotely robotic telescopes during the
teaching and learning procedure or in the framework of his/her research. The visitor of the
science parks will have the chance to experience unique phenomena and to be involved in
playful learning activities.

More precisely the user has the potential to use the following services:

- On-line access to the network of the robotic telescopes (on-line or scheduled
requests)

- Access to scientific data and resource archives (data and images)

- Access to a central data archive, making use of a common archive and distribution
system

- Access to educational material and interactive tools (allow for data representation and
analysis)

- Access to teacher resources (e.g. professional development materials, lesson plans)

- Student-centered materials (e.g. data library, communication area, student’s maga-
zines)

- On-line training courses at different levels (for school students, for university students,
for the wider public)

- Information on specific events (e.g. transit of Mercury or Venus)

- Participation contests (the contests will cover the levels of all targeted groups of users,
e.g. scientific contests, best science project contests for students, best photo contest
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for the wider public)

- Participation to conferences, workshops and summer schools (the users of the service
will have the opportunity to visit the observatories during different events)

The framework of the D-Space services is developed on two axes: formal and informal educa-
tion. On one hand, in formal education, an important purpose of the service is to improve
science instruction. The participating classes could control the telescopes live” via internet.
Also, they can order their own observations in a preferred date, while the images, which are
delivered, will be calibrated and analyzed by the students using simple image-processing soft-
ware. In elementary education, the school teachers could develop creative, hands-on interac-
tive astronomy lessons over the internet using D-Space network of robotic telescopes, to meet
the needs of school curricula. These would be suitable for small-group collaborations and
would include automated image acquisition service and/or observatory control as required to
complete the lessons, plus the use of copyright material on the D-Space web site. In university
education, the telescope network will be used to improve the quality of science instruction at
the university level, while offering to the students the opportunity to realize their own projects
and to gain experience in carrying out independent scientific research. Astronomy (or other
closely related fields) students and faculty can use the D-Space service for teaching practi-
cal astronomy laboratory techniques and research astronomy courses (that is, a minimum of
related theoretical background is required). Essentially, (due to the nature of telescopes) opti-
cal observational techniques can be taught.

In parallel, D-Space will offer on-line astronomy coutses to users (individuals or groups). The
theoretical background of such courses could be covered through lecture notes that profes-
sional astronomers collaborating with the consortium would create and assign readings of
textbooks in libraries or on the Web. Scientifically, through the robotic telescopes network it
will become possible to perform time-intensive projects, where a series of measurements and
observations are necessary, which otherwise would require enormous efforts from the profes-
sional astronomy community.

On the other hand, in informal education, the service will offer to users from all over the
world, the unique opportunity to control professional astronomical observatories in real-time
for self-directed astronomy studies or personal enjoyment. Using the Internet, private users
would gain full control of the virtual observatory, commanding its robotic telescopes and
cameras to capture images of the sun, moon, planets, galaxies and other deep sky celestial
objects in real-time much like a professional astronomer. Images can also be obtained using
automated requests, without having to control the telescopes directly, which is a convenient
way to acquire multiple images during late night hours. In this way, the requested data will be
taken on the next clear evening/day and returned via email. The private users will have to first
sign-up with our service for a fee (per hour or per night) in order to control the various (one
or more) telescopes, or in order to request specific object images. Once they have purchased
the credits, they will be able to book observing time or make specific image requests. Upon
agreement, there will also be provision for refunding if the requested observing cannot be
petformed on time (e.g. due to instrument problems or unfavorable weather conditions.
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3. Conclusion

D-Space’s ambition is to contribute to the education process by inspiring and motivating
young people to pursue catreers in science. It aims to engage the young participants in sharing
the experience of exploration and discovery. In parallel, D-Space will enhance awareness and
understanding of the scientific and technological advances of contemporary society, without
omitting to link them to the history and evolution of the human mind and society, where
there exist the roots of modern astronomy. Nevertheless, D-Space will be considered as a
success, in case that it will manage to provide a real service to the potential users, supported
by a viable business model.
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Abstract

The today’s multimedia facilities allow multiple and interactive communication. It is possible
today to have of course access to a dedicated internet community multimedia channel. Due
to the unlimited technical possibilities, the community will be able to create, upload, animate
and manage alone the content.

1. Introduction

The today’s multimedia tools and channel allow multiple and interactive communication.
Internet is not only a transmission pipe, but offers numbers of new possibilities that one has
just to choose and to apply.

Let’s have a look at the existing example of that community channel: the Web TV for Schools,
created in only 24 months in cooperation with the Ellinogermaniki Agogi team and managed
by the schools themselves.

2. The channel

It’s a dedicated channel, realized for schools from 6 European countries, which have the pos-
sibility to create each their own content and to exchange with the other partner countries.
Especially interesting is, in addition to traditional radio or traditional TV or compared with a
current website, the easy accessible interactivity of that platform through specific interfaces.
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The multiple segments of the channel can be active on open and/or privative mode.
The general access is free for public, but there are also restricted areas protected with access

codes for managers, teachers, tutors, etc. Even the channel itself can be shared or dedicated

to a specific group’s communication.

3. TV channel’s home page

2} Webtv for school - Microsalt Internet Explorer
Fle Edk Vew Favories Took Help

K@@ Puen dorens @ 25 w-JE YR

] hekpaffy " b findes.phe v B

GCo :sjc‘:' =] @ Recherche Web =

Search

Uploading system

You need

o) -

2% Web¥ - comm. 2 hitp vzl 3 [E) wes v [ R 10

This is the general access gate leading through the links to the next public parts of the chan-
nel and/or to the restricted areas like the member access page, where the user has to identify
himself to be authorized to continue.
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4. Interfaces :Examples
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Behind this page, when the user is identified, he has to decide the action he wants to under-
take.

Between these interfaces, he has to choose the presentation’s model for the student-created
content:

e Chat with visualization of a video
*  Multiple visualization (photo, video and text)
e Flash interface

¢ Video with interactive shot action.

The interface’s construction leads the user easily through all the uploading process with simple
clicks to fulfil the content’s uploading,

The content can be created by:

e Students (entertainment, culture)
*  Home work (graded or not)

e Teachers (lessons, exchanges)
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Content produced by the students represents a playful method to:

¢ learn communication,

* learn cooperation within a production team
e learn to accept spectator’s criticism

e enlarge knowledge

* use contemporary tools from the “blank paper to the wave and the screen”

Content produced by the Teachers might be:

e Interactive lessons plans (for free access)
* Interactive communication between teachers
* Live and/or on-demand audio exchanges (free or restricted access)

* Dedicated Radio-TV channel, with thematic programs and animations

The technical transmission facilities are the existing ones, adapted to the specific educational
program, following the local and financial possibilities of the interested communities.

5. Conclusion

In conclusion, it is possible today to have access to a dedicated internet community multimedia
channel, with unlimited technical possibilities. Besides the concrete functionality definition
and the adapted channel and server creation, the necessary tasks to take into account are
comparable to any traditional media production:

¢ Editorial tasks,

* Audio or audiovisual production
* Encoding

*  Uploading

e Live programs.
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Abstract

This paper presents our experience in organizing e-learning seminars for medical practitioners
in Bangladesh, in the context of the ‘E-health & Learning’ project, an European Union funded
initiative. The work consisted of three important research phases: i) a needs analysis regarding
the Bangladeshi clinicians’ views, attitudes and practice concerning Evidence Based Medicine
(EBM) and Information and Communication Technologies (ICT), ii) the broadcasting of
web-based video streamed medical seminars, and iii) the delivery of self-directed web-based
asynchronous lectures with an interactive content structure. The work explored the feasibility
of web-delivered distance learning short courses focusing on EBM. This paper reports the
observations and findings from the educational needs analysis of medical practitioners in
Bangladesh and some findings on their learning experiences, based on the implementation of
an accessible and affordable e-learning technology solution.

1. Introduction

The use of advanced information and communication (ICT) technologies has transformed the
arena of education, from the level of primary school to the level of professional training, We
are witnessing a rapid development and deployment of educational technology innovations
that advance our social and economic development goals for a global society of equality and
prosperity. In our information-intensive and knowledge-based world, there still exist many
challenges in bridging the divide in educational opportunities between those who have and
those who have not. Despite this divide, efficient transfer of educational innovation, through
the appropriate use of ICT can support the educational needs of the citizens, at all levels, in
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countries of the developing world. In this paper, we are examining the use of accessible and
affordable web-based e-learning technologies for the professional training and educational
development of medical practitioners in Bangladesh and evaluate their success in bridging the
gap between the developed and the developing world.

Limited continuing medical education in Bangladesh, isolation of the healthcare practitioners,
and their growing need to acquire skills for accessing and critically appraising web-based medi-
cal literature make the use of information and communication technologies more and more
relevant. The e-Health & Learning (e-HL) project, an EU Asia IT&C funded research and
development effort!, has actively promoted the idea of accessing web-based medical guide-
lines and medical literature as part of the medical practice, in developing countries such as
Bangladesh. The project aimed to train healthcare practitioners to keep themselves informed
about new diseases and treatments. The paper explores the feasibility of web-delivered dis-
tance learning courses on Evidence Based Medicine and discusses proposed indicators of
educational effectiveness in the different types of web-based seminars.

2. The Context of the e-HL project

Practicing EBM requires a positive learning attitude, use of information and communication
technologies (ICT) to access relevant medical guidelines, reviews and primary literature, and
relevant critical appraisal skills [1]. The ‘E-health & Learning’ project activities included the
organization and diffusion of a series of seminars on diagnosis, therapy and prevention of
relevant to the Bangladeshi population diseases or other medical conditions. These seminars
attempted to raise awareness about EBM. The seminar themes were accompanied by simple
ICT skills training, including accessing and using medical databases, improving practitioners
abilities for critically appraising medical literature, and allowing the asynchronous communica-
tion and information exchange between European medical experts and Bangladeshi medical
practitioners.

The ‘E-health & Learning’ project has been developed in three phases:

i) Collecting information about Bangladeshi clinicians and their professional education
needs: A needs analysis phase focusing on Bangladeshi clinicians’ views, attitudes
and practice concerning Evidence Based Medicine (EBM) and ICT, which until now
remained unexplored.

ii) Delivering the continuing education medical seminars via video streaming, available at
the project’s Web portal (www.chealth.bham.ac.uk).

1 ¢ Health & Learning (e-HL), contract reference ASI/B7-301/97/0126-71 — ALA 97/0126, is a 17 months project
co-funded by the European Commission (EuropeAid Co-operation office) within the Asia IT&C programme, ‘Liaise
with European IT&C Initiatives and Programmes’ component. The project was completed in June 2004 and was coordi-
nated by the Universit$ Cattolica del Sacro Cuore, involving three additional partners from UK and Bangladesh, namely
The University of Birmingham (UK), The Bangladesh University of Engineering and Technology (BUET), and the
Sustainable Development Networking Programme (SDNP) of the Bangladesh Institute of Development Studies.



International Symposium on Advanced Technologies in Education

iif) Finally, the planning and implementation of asynchronous web-based self-directed
e-learning lectures, build with an interactive content structure in mind.

In following sections, we describe our experience and findings of the collection of educational
needs phase of the project and discuss the observations and lessons learned from the seminar
and web-based self-learning phases of the research work.

3. Background

In Bangladesh, as in many other developing counties, medical practitioners often operate in
relative isolation, dealing with diverse health care needs, poor health care infrastructure for
diagnosis and treatment, and limited number of specialists. There is a great difficulty in retain-
ing specialists in non-urban areas. Tertiary care hospitals are mainly concentrated in urban
areas, where large segments of the population have no access due to high levels of poverty
and lack of state-provided social security. Barriers in accessing continuing medical education
(CME) are raised by the remoteness of major academic centres, especially for rural physicians,
the limited time owned to practice responsibilities, and the cost of the CME training [2].

Many of these problems are related to the extended private care system in Bangladesh and
the lack of public national healthcate structures. According to an eatlier report, published in
1995 [3] there are 24,000 medical graduates in Bangladesh of which only 8,500 are working in
Government health services. According to same report, the Government has never, or until
the time of the WHO publication, felt the necessity of vocational training for general practi-
tioners who are providing health services to eighty percent of total population. Despite these
difficulties, progress is being made towards the development of the discipline of family medi-
cine in Bangladesh [3]. According to a later study, irrational and inappropriate prescribing was
observed in both graduate and non-graduate medical practitioners in rural Bangladesh [4].
An opportunity to meet some of the needs of Bangladeshi physicians, based in both rural
and urban communities, could be pursued in web-based continuing medical education (CME).
Videoconferencing is found to be an acceptable medium for the delivery of continuing medi-
cal education, with encouraging findings as to participants’ satisfaction [5]. With regards to
knowledge transfer though, when compared to conventional lecturing, interactive vide-
oconference does not usually produce significantly higher results in knowledge acquisition
[6]. However, for shorter videoconference sessions, of around two hours, there have been
findings of increased immediate and long-term knowledge [7] [8]. Furthermore, it is noted
that courses of continuing education, specifically designed for interactive videoconferencing,
significantly increased post-test knowledge [9]. Most of the studies conclude that videocon-
ference is an acceptable medium for delivering CME [10]. The circulation of handouts prior
to the videoconferencing sessions can increase the value of the delivery, while participants
reported examples of changes made in their practices as the result of the CME programs
[10]. “Videoconferencing has the potential to bring the benefits of small-group, practice-based
learning to many physicians; however, strict attention to videoconferencing techniques is
required. Cost is also an important consideration’ [11].
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4. Educational Needs Analysis Among Bangladeshi Medical Practitioners

Practicing EBM requires use of information and communication technologies (ICT) to access
relevant guidelines, reviews and primary literature, and relevant critical appraisal skills. In
Bangladesh, clinicians’ views, attitudes and practice concerning EBM and ICT remain unex-
plored. We conducted a survey of medical practitioners in Dhaka to investigate these and we
reported some of our initial results at [12]. Here, we provide a full account of our educational
needs analysis.

We randomly selected 300 practitioners from a database maintained by a consortium of
diagnostic centres and nursing homes in Dhaka. The sampling method used, ensured repre-
sentation from various clinical specialities. Our questionnaire assessed attitudes and practices
concerning Evidence Based Medicine and the use of information and communication tech-
nologies in professional practice and continuing education. The questions were developed
based on existing validated instruments [13][14]. The practitioners involved in the study were
personally invited to participate in the survey. Of the 226/300 (75%) who accepted the survey,
there were 157 general practitioners, 14 cardiologists, 5 clinical epidemiologists, 8 oncologists,
9 orthopedists, 17 respirologists, and 16 gynecologists. The questionnaires were hand deliv-
ered and collected on the same day, by the field researchers. Due to incomplete responses in
returned questionnaires, 207/226 (92%) questionnaire sections on EBM and 224/226 (99%)
on ICT were analysed. The responses were entered into a spreadsheet and data were summa-
rised as percentages of the above denominators.

With regards to ICT, about half of the participants (118; 52%) owned a computer, 95 (42%)
had never used e-mail communication and 111 (49%) had never accessed the Internet to
search for information. Questions investigating how often the respondents accessed and used
evidence in their practice showed that 72 (34%) never looked for evidence, 86 (42%) did
occasionally, i.e. on average once a month, 18 (8.7%) checked for evidence every 1 to 2 weeks,
while 31(15%) searched for evidence at least once every week.

Overall, 161 (77%) respondents believed that EBM was essential to their practice, and 172
(83%) acknowledged the need to receive more training in EBM. In assessing research evidence,
136 (65%) felt confident, ranging from slightly (42; 20%) to strongly (36; 17%). However, their
confidence was not supported by an understanding of EBM terminology, e.g. 50 (24%) were
not familiar with ‘assessing study design’, 52 (25%) with ‘evaluating bias’ and 62 (30%) with
‘evaluating statistical tests or principles’.

According to our results, there is limited access to and use of ICT in Bangladesh. Nevertheless,
the participating practitioners showed a very positive attitude towards EBM and strongly
acknowledged the need for further training. However, as noticed in other surveys [15], the
respondents’ confidence in assessing research evidence did not reflect their ability to critically
evaluate medical literature.

This questionnaire survey [12] allowed us to construct a database of medical practitioners who
were, potentially, interested in participating in further professional training, A subset of 61
clinicians, who had limited ICT skills, has been identified to form the cohort of participants
on the “videoconference-like” web streaming seminars delivered within the project. 23 practi-
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tioners more familiar with I'T were invited to participate in the final phase of the project and
attend self-directed, web-based asynchronous interactive e-learning.

5. Web-based Video Streamed CME Courses Integrating the EBM
Approach.

One of the purposes in this project phase to appreciate the effectiveness and acceptability
of interactive video streamed seminars, organised in lieu of videoconferencing, as a medium
for providing continuing medical education in Bangladeshi urban and rural communities. The
project, linked clinical and health inoramtics specialists of the Universita Cattolica del Sacro
Cuore (UCSC) in Italy, Rome and of The Birmingham University, UK with a small rural medi-
cal community (Community Hospital Mymesingh) and a larger urban group (Comfort Nursing
Home, Dhaka) for the provision of continuing medical education.

Hight seminars were delivered to medical practitioners in Dhaka and Mymesingh. The original
activity plan was to deliver the seminars via videoconference, nevertheless a series of technical
limitations in Bangladesh’s communication infrastructure obliged us to abandon this solution
over a less technologically demanding one, the ‘video streamed seminars’. The lectures were
video taped and streamed to Bangladesh via the Internet (i.e. encoded into a format so that
they could be viewed or download over the internet). The participants watched the seminars in
a classroom specially set up for the need of a video seminar. The video streamed seminars fea-
tured the lecturer and the power point presentation accompanying the seminar. The streamed
video either switched between the lecturer video sequence and the slides video sequence or
the lecturer video sequence was reduced to a small square and projected over a corner of the
slides. The participants were also distributed handouts of the power point presentation to
make the reading of the slides easier.

Most of the seminars were structured based on the EBM approach, while more practice-based
content, e.g. a seminar on the care of multi-trauma patients, was delivered in a more traditional
approach. The arrangement of video streamed seminars has compromised the synchronous
interactivity between the lecturer and the participants during the seminar. To moderate this
effect, a live interactive “Questions and Answers” Session (Q&A) took place at the end of
every seminar, using the platform of Windows Messenger (a live chat platform).

After the end of the seminar and the Questions and Answers Session, the participants were
asked to fill in a questionnaire addressing issues related to the delivery, relevance, and resources
(e.g. handouts) of the seminar. Their understanding of the seminar content was also infor-
mally assessed.

Overall, we have observed that the transfer of medical knowledge from European practice to
the developing world, especially on issues of treatment, should be cautiously adapted to local
conditions, such as limited medical infrastructure and cultural idiosyncrasy. The Q&A sessions
made it possible to bring in the ‘discussion room’ real cases, while exposing the difficulties
of applying diagnostic and therapeutic procedures that are considered as basic in European
medical practice.
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The seminars managed to raise awareness about EBM and many participants replied enthusi-
astically about the integration of the approach in the seminars. However, more work is needed
to achieve a shift from the traditional paradigm that relies on textbooks and medical authority
towards a practice relying on strong research findings. An initial analysis of the Q&A session
showed that the seminar participants were accepting the European specialists, who were pre-
senting the seminars, as authorities in their fields rather than asking from them, as peers, to
discuss their opinion in view of precise research findings.

One of the limitations in this phase of the work was the restricted access of the participants
to computer facilities. Although EBM is closely related to accessing on-line databases, it was
impossible for our seminar participants to access the medical literature, mainly because of the
lack of infrastructure and their limited ICT skills. Although access was granted during the last
two seminars, special ICT training courses had to be organized locally.

The informal assessment of the participants, examining the understanding of basic concepts
returned rather discouraging results, according to an initial appreciation of our data. Access to
on-line material provided, well ahead of the seminar may have prevented this effect.

6. Self-Directed Asynchronous Interactive Web-based e-Learning

The aim of this phase was to compare between different modes of delivering lectures, within
a distance-learning context, and explore whether a more or less ‘structured’ way of integrating
the EBM approach is appropriate. In the 3rd phase of the project, we have created a complete
package of interactive video lectures with additional on-line learning material and accessibil-
ity to EBM resources on the Internet. Given the accessibly of EBM findings over the Web
(journal, data banks, medical portals, etc.) the character of learning was inevitably mediated by
the interactivity of information on the Internet. Accessing this information raises quite a few
interesting issues. In this phase, through the use of on-line video-based lectures and interactive
on-line EBM material, we were mainly concerned with how to guide the medical practitioners
through this complex and widespread professional EBM practice information and knowledge,
while training them to become critical readers of EBM resources.

We used the technology of Microsoft Producer for the production of the interactive video
lectures. This software application can synchronise the video of a lecture, the lecture slides
and hypertext files, linking to online databases and other online learning material. Learners can
then play back these files on any web browser platform (as seen in an examplein Figure 1). In
effect, learners can have access to all this material on the same screen, play the video in small
sequences defined by the slides themes, visit the hyperlinks, and complete given tasks at their
own pace. It was hypothesised that, when the seminars graphs and figures are synchronised
with the video and further definitions and clarifications coming from the hypertext links, there
is greater understanding of the concepts presented. The results form this phase, showed an
improvement in the learning of participating practitioners. Furthermore, we found that com-
bining the narration with screenshots demonstrating the use of key medical web-based librar-
ies and procedures on identifying primary medical literature on-line, can also help improve the
skills of learners with limited experience in searching web-based databases. However, we have
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identified that the complexity of technology can hinder learning and discourage learners with
limited experience of on-line resources. Further training on IT skills is definitely required.

2 Untitled - Microsoft Internet Explorer provided by Freeserve

Outcome: vascular death

.

SLED L1

Hierar:

Mpsis
atal death
. preterm birth

i Clinical Evidence

Figure 1: A Screenshot instance of a lecture on pre-eclampsia, delivered through NMS-Producer.

7. Conclusion

A paradigm shift in clinical practice towards EBM can be embraced even in the poorest coun-
tries, where constraints on implementing effective health care may include lack of financial
resources and political will [15]. Short Continuing Medical Education (CME) on-line courses
integrating the EBM approach are expected to, at least, raise awareness about the importance
of the EBM approach in developing countries, if not to provide or improve the skills for prac-
ticing EBM in everyday cases. Our project showed that the use of advanced, while affordable
ICT technologies can bridge the digital divide in professional training between the developed
and the developing world. The e-Health and Learning project has currently received follow-up
funding (a continuation project to start in February 2005) from the same EU-Asia Co-opera-
tion initiative, in developing further the IT and health informatics skills of practitioners in
Bangladesh.
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Abstract

The Ad-hoc.com project aims at the development of an innovative advanced multimedia
language learning tool for European travellers who on location are willing to acquire certain
language skills, in order to communicate with locals in the country of their destination. The
Mobile Technologies For Ad-hoc Learning (MoTFAL) project is a joint initiative of peda-
gogical, cognitive science and technological experts, educators, and psychologists to research
the possibilities of using mobile platforms with Internet access for educational purposes at
school level. The project designs, develops, tests and evaluates a handheld learning environ-
ment based on emerging technology that facilitates in situ learning, This paper presents the
basic principles of the Ad-Hoc.com and the MoTFAL project, the theoretical background of
their development as well as the possibilities for their educational exploitation.

1. Introduction

Learning happens in various ways. Students learn in classrooms, but they also learn by explos-
ing streams and parks, trying and failing to perform tasks, talking to friends etc. Adults learn
in many of the same ways, by experience, by involvement, by talking with peers and experts, or
by delving into a practical problem. All of these can be legitimate learning activities. Virtually
any experience can be a learning opportunity, but often the resources to make it so are lack-
ing. We are used to thinking of knowledge as something “stored,” “held,” or contained in a
“body of knowledge.” That conception lends itself very easily to conceptions of learning as
“acquiring knowledge,” collecting it from books, lectures, and other media. We are following
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a different, complementary insight here, that knowledge is something active in situations and
contextual in its very nature. Knowledge is something that happens rather than something that
is stored and applied when appropriate. This approach is reflected in the pedagogical theory
of contextual learning [1,2,3].

The idea of contextual learning is fully supported in the framework of m- learning application.
In the word m-learning “m” stands for “mobile”, representing the back- stage mobile delivery
technology It is obvious that for the expansion of the idea of learning and the creation of
learning schemes that are based on the effective use of motivation that arises when a student
is faced with the stimuli, mobile devices with Internet access can offer significant advantages.
Mobile technology actually offers the appropriate educational environment to assist learning
activities both inside and outside the classroom [4]. Opposite to the limitations of working
and learning only in the classroom or in the lab, mobile technology offers access to learning
material regardless of location and time. In this framework mobile learning is translated into
flexibility in accessing learning materials but also classmates and teachers anytime, anywhere.
As Paul Harris in Goin” mobile states mobile learning is the ability to enjoy an educational
moment from a cell phone or a personal digital assistant [5].

TLanguage learning and history education are among the disciplines that offer the appropriate
framework as well as the motives for the introduction of mlearning applications in educa-
tion.

2. Language learning independent of time and location: The Ad-Hoc.com
project’

The Ad-Hoc.com project’s [6] develops an innovative advanced multimedia language learning
system that allows travellers (for business, leisure or educational purposes) to access the web
through the advanced new communication applications (PDA applications, GPRS and UMTS)
and acquire certain language information in order to communicate with locals in the country
of their destination. These new applications allow for fast transfer of data (text, sound, pic-
ture and video) through the mobile device (phone, palmtop) of the user. The Ad-Hoc.com
system serves users regardless of time and location. The system is presenting linguistic content
embedded in its cultural context furthering the understanding of European’s cultural and
multilingual diversity, as it is proven that the mutual understanding in the communication
process depends not only on linguistic competence but also on the awareness and perception
of cultural behaviour, cultural differences and similarities. The Ad-hoc.com project is mainly
focused on two axes: PDA’s multimedia capabilities and short-range wireless communications
technologies.Using tools like Embedded Visual Basic 3.0 and Embedded Visual C++ testing
applications are being developed from scratch, to take full advantage not only of the mobility
of the device but mainly of the exploitation of all multimedia capabilities, like download and
reproduce audio and video files.

1 The AD-HOC project is a European cooperation project (2000-2002), co-financed by the European Commission,
DG Education and Culture, SOCRATES Programme, Lingua2 Action
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Figure 1: The PDA application of the AD-Hoc.com project

The approach, which has been adopted in the framework of the project, is the scenario design
method [7] as a means of defining suitable educational applications of the mobile technol-
ogy. In the framework of the Ad-Hoc.com project a series of scenarios have been developed
describing real life situations (Visit to a museum, at the library, at the restaurant, at the bank,
during the break at the conference, admission, at the beach, at the hotel, business meeting, at
the multimedia lab). Language learning information is presented through written text, audio
and video. The piloting of the application is taking place in repeated cycles of learner-centered
trials [8] in Greece, Italy, Austria and Germany. Each cycle includes the design, the develop-
ment, the trials and the evaluation, which is the input for the next cycle in the product’s devel-
opment approach. The in-situ trials are not only meant for evaluation purposes but involve
both students and teachers offering them the chance to provide feedback to the project and
its technical and pedagogical aspects.

3. History education through mobile devices: The MoTFAL project?

The project MoTFAL- Mobile Technologies for Ad-Hoc Learning- [9] is a joint initiative of
pedagogical, technological experts, educators, and psychologists to research the possibilities
of using mobile platforms with Internet access for educational purposes at school level. The

2 The MoTFAL project is a European cooperation project (2002- 2004), co-financed by the European Commission,
DG Education and Culture, SOCRATES Programme, Minerva Action.
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partnership develops, tests and evaluates learning schemes that are implemented on a hand-
held learning environment based on emerging technology that facilitate in situ learning. The
project engages mlearning applications in the field of history and science education.

The MoTFAL learning environment includes full access to digital resources, cognitive tools,
knowledge visualizations, software mentors to help with learning to use devices such as digital
cameras, organise and recall images and sounds of people and situations, knowledge shar-
ing between students in different environments, contextual personal tools that change their
behaviour based on where they are and the activity in progress. Students have the chance to
be linked to video clips, PDF articles, and Websites.

The project includes an extended period of school-centred work. The aim is to help both
teachers and students to actively participate in the development of the MoTFAL platform
by giving their input and contributions. Furthermore the project proposes a student-centred
approach in order to assure the maximal usability of the new tools as well as a realistic evalu-
ation of the pedagogical effects.

In the framework of the MoTFAL project the pedagogical theory of contextual learning as
well as the scenario design method gives the guidelines for the development of the educational
material and the design of the educational process. In the partnership’s vision the contextual
learning in history education and the scenario design method offer a different approach and
perspective to history teaching and learning;

4. mLearning applications in history education in high school: a scenario
example.

The teacher of a high school class takes the students to a field trip Parthenon for example.
As they are visiting the monument the students are requested to connect to the specific area
of the platform where the teacher has already uploaded the selected material concerning the
history of the monument. Students are able to see pictures of the monument during the time,
to see drawings of the monument. They can also have access to a video presenting how the
monuments were and how it was related to the everyday life of the people living at that time.
They can even find sound and video recordings of remarkable events of this specific period.
Furthermore students are able to capture moments of their visit with the camera of the device
and upload them to the server for future reference and also to add their comments and to
continue their research by accessing web-sites.

Figure 2: Using their mobile phones and PDA
devices the students of a high school class partici-
pate in an in situ bistory lesson.
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5. Conclusions

Today’s ICT has significantly extended the scope for learning anywhere, anytime and the term

mlearning has gained serious strength and influence in describing the future of education

[10]. It is widely believed that technologies in the hand will engage young people in learning

activities, start to change their attitude to learning and thereby contribute to improving their

skills, opportunities and lives.

3]

(4]

5]

(]
7

(8]
Bl

6. References

Lave, J., Wenger, E., 1990, Situated Learning: Legitimate Periperal Participation.
Cambridge, UK: Cambridge University Press, 1990

McLellan, H., 1995, Situated Learning Perspectives. Englewood Cliffs, NJ: Educational
Technology Publications

Brown, J.S., Collins, A., Duguid, S., 1989, Situated cognition and culture of learning,
Educational Researcher

J.Fleischman, 2001, Going Mobile: New Technologies in Education, Converge
Magazine

Paul Harris, 2001,“Goin’ Mobile” — Learning Circuits ASTD Magazine All about eLearn-
ing

www.ellinogermaniki.gr/ep/ad-hoc

Carroll, J. M., Rosson, M., 1992, Getting around the task-artifact cycle: how to make
claims and design by scenario

ISO 13407: Human-centered design processes for interactive systems (1999)

www.ellinogermaniki.gr/ep/motfal

[10] Donna Abernathy, 2002, “@ wotk; Get ready for m learning” — On line teaching 4 librar-

1es

161



Designing the School of Tomorrow

162




International Symposium on Advanced Technologies in Education
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